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Introduction: [ The latest version of this document is here: www.keil.com/appnotes/docs/apnt_239.asp ]

The purpose of this lab is to introduce you to the Freescale Cortex  -M4 processor by using the ARM® Keil™ MDK toolkit
featuring uVision” IDE. We will use the Serial Wire Viewer (SWV) and ETM"" trace on the Kinetis processor. For the latest
version of this lab or the Freedom boards see www.keil.com/freescale. MDK includes example projects for many other
Tower, KWIKSTIK and Freedom boards. This lab can be adapted for use with any of these boards.

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 an economical US $745 toolkit for Kinetis processors.

Linux and Android: For Linux, Android, bare metal (no OS) and other OS support on Freescale i.MX and Vybrid series
processors please see DS-5 at www.arm.com/ds5/.

Why Use Keil MDK ?
MDK provides these features particularly suited for Cortex-M users:

con
yep T

1. pVision IDE with Integrated Debugger, Flash programmer,
the ARM® Compiler toolkit 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 windows are updated live.

MQX: An MQX port for MDK is available including Kernel
Awareness windows. See www.keil.com/freescale.

R

6. Processor Expert compatible. For more information see
www.keil.com/appnotes/files/apnt_235_pe2uv.pdf.

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 P&E OSJTAG.

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 and more:
Serial Wire Viewer (SWV) and ETM Instruction Trace.

2. 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: two real-time kernel awareness windows for the Keil RTX RTOS.
5. A DSP example using ARM CMIS-DSP libraries which are included with MDK with all source code included.

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 connector.

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 records all executed instructions in addition to the features provided by SWV. ETM provides advanced features
including Code Coverage, Performance Analysis and Execution Profiling providing both time and calls. ETM requires a
special adapter such as the ULINKpro to capture and display ETM trace frames.
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Freescale Evaluation Boards:

This document uses the Freescale Kinetis TWR-K60N512. The K21, K40, K53, K70, 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 4.72a. 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. MDK 5.0 is released.

To obtain a copy of MDK go to www.keil.com/arm or www.keil.com/freescale and select “Download”.

You can use MDK-Lite and a ULINK?2, ULINK-ME, ULINKpro or a J-Link for this lab. You can use the OS-JTAG but
Serial Wire Viewer (SWV) is not supported. QuickStik has a built-in J-Link Lite. SWV works best with any ULINK.

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

Example Programs:

Two Blinky example programs are included in C:\Kei\ARM\Boards\Freescale\TWR-K60N512. More examples are in
various projects for other boards. The DSP example is here: www.keil.com/appnotes/docs/apnt 239.asp

e Blinky: blinks 3 LEDs. This is a great starting point and can be adapted to your own project.

e RTX_BIinky: A motor controller with RTX (the Keil RTOS) implemented. An easy introduction to RTX.

o 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 or www.keil.com/freescale.

e RL: Some projects contain an /RL folder. This is where examples for Keil middleware are stored. See
http://www.keil.com/arm/mdk.asp. These projects can be compiled only with a licensed version of MDK-
PROFESSIONAL. Contact your ARM sales office to obtain a temporary license. See the last page for contact info.

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

1. ULINK2 and ULINK-ME: ULINK?2 is pictured on page 1 and ULINK-ME on page 6. 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 set/unset on-the-fly.

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

Keil supports more adapters:

1. CMSIS-DAP: An extra processor on your board becomes a debug adapter compliant to CMSIS-DAP. The
Freedom boards incorporate CMSIS-DAP. pVision communicates via USB to the CMIS-DAP processor and this
mode is selected like any adapter in the Target Options menu under the Debug tab. ULINK2 supports CMSIS-DAP.

2. P&E OSJTAG: pVision 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
SWYV are not implemented. These limitations are listed on page 5 along with the configuration instructions.

3. Segger J-Link and J-Trace: J-Link Version 6 (black) or later supports Serial Wire Viewer. J-Trace provides ETM
but has not been tested in this document. Data reads and writes are not currently supported with a J-Link.

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. SWJ must also be selected.

SWV: Serial Wire Viewer: A trace capability providing display of reads, writes, exceptions, PC Samples and printf (ITM).
SWO: Serial Wire Output: SWV frames come out this 1 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: Records all executed instructions. ULINKpro provides reliable ETM support.
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Notes for Freescale Tower CPU Boards:

K60N512 CPU Clock: In MDK 4.71a and earlier the CPU clock frequency in the examples is set to 47.97 MHz but is
actually 56.2 as evidenced by the Serial Wire Viewer (SWV) Core Clock: setting for ULINK2. This is determined in the file
system_ MK60N512MD100.c. A copy of this file is in each example project. In this file, near line 80 is this line: #define
CLOCK_SETUP 0 with corresponding clock configuration starting at line 96 through 114. “0” is the default up to 4.71a.

In the next MDK after 4.71a, a new version of this system file adds an additional option. The reason is the K60N512 board
derives its clock form a 50 MHz external crystal. #define CLOCK_SETUP 3 will result is a Core Clock: of 96 MHz. The
new version of this system file is included in the DSP example provided here: www.keil.com/appnotes/docs/apnt 239.asp.
If you are using MDK 4.71a or earlier, you can copy the new system file into the example projects if you want to run them at
96 MHz. For 56.2, just use the version supplied. From an example perspective, the only issue you have to worry about when
changing the CPU frequency is the Core Clock: setting needed to get SWV working.

#define CLOCK_SETUP 0 results in a Core Clock: of 56.2 MHz for SWV and the CPU speed.

#define CLOCK_SETUP 3 results in a Core Clock: of 96 MHz for SWV and the CPU speed.

The DSP example must run at 56.2 MHz with a ULINK2 or J-Link or the SWV will encounter numerous overrun errors. The
ULINKpro is able to run the DSP example at 96 MHz and adequately process the SWV information.

If RTX is in a project where the clock speed is changed, the #define 0S_CLOCK in the startup_MKGONS12MD100.5  [£] RIX Conf.cM.c |
file RTX Conf CM.c must be changed to reflect the different CPU speed: in this Epand Al | Colapse Al | Hop |
case either 56.2 (shown on the right) or 96 MHz: — [vaue

-- Task Configuration

- jsTick Timer Configuration
mer clock value [Hz] 56200000
: ~Timer tick value [us] 10000

-- System Configuration

You can modify this value using the Configuration Wizard or directly to the file.

Using Tower boards other than the K60N512:

MDK has many examples for Tower boards. See C:\Kei\ARM\Boards\Freescale for the list. Some projects contain target
options for various USB debug adapters. You can adapt these settings including which flash algorithms to use to your board.

For the K60D100M see www.keil.com/appnotes/docs/apnt 249.asp.

You can adapt this lab to any of these boards. Here are some items you might need to adjust for:

1) Core Clock: for SWV trace. Check the file abstract.txt for this value. With the ULINK2, this value must be correct in
order to collect SWV frames. ULINKpro detects this speed. It is used then to set the value of various timing displays.

2) The DSP example is designed for the K60N512 board and runs at 56.2 MHz. If you run it at a much higher speed, SWV
might not be able to display all the data without dropping data frames when using a ULINK2 or a J-Link. To solve this issue,
use a ULINKpro, slow the clock or select fewer SWV elements to display.

You might have to switch the system and/or startup files to match your particular processor. These files are in the projects.

For the Vybrid Tower board, see www.arm.com/ds5 for a suitable development system.

For general information: www.keil.com/freescale

KL25Z Freedom www.keil.com/appnotes/docs/apnt 232.asp
K20D50M Freedom Board www.keil.com/appnotes/docs/apnt 243.asp
Kinetis K60N512 Tower www.keil.com/appnotes/docs/apnt_239.asp
Kinetis K60D100M Tower www.keil.com/appnotes/docs/apnt 249.asp
Export Freescale Processor Expert Projects to uVision™ Projects www.keil.com/appnotes/docs/apnt 235.asp
FlexMemory configuration using MDK www.keil.com/appnotes/files/apnt220.pdf
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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:

If you are using any ULINK or J-Link: you can skip this page:

uVision supports OSITAG. 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 (MDK-Lite) 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 is
added which records all executed instructions and provides Code Coverage, Execution Profiling and Performance Analysis.

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 window updating.

Install P&E Drivers: (you do not need to do these steps for any ULINK or J-Link adapters)

1. Download the drivers from www.keil.com/download/docs/408.asp. Filename is currently fslkinetisdriversvl14.exe

2. Disconnect the Kinetis board from the USB cable and close pVision if it is running.

3. Run fslkinetisdriversv114.exe (or a later version if available) to install the OSJTAG drivers. This action will add

P&E OSJTAG in the adapter window as shown here:

Configure pVision:

1. Start pVision by clicking on its desktop icon. *

2. Leave it in Edit mode (do not enter Debug mode).

3. Select Project/Open Project.

4. Open the Blinky project for your board in
C:\Kei\ARM\Boards\Freescale\

5. Plug a USB cable to J13 on the Kinetis K60 board.

Allow the USB driver initialization as required.

7. Select Options for Target EAN or ALT-F7. Click on the
Debug tab to select a debug adapter. /
Select Pemicro OSJtag/... as shown here:

Click on Settings: and the next window opens.

10. Select your exact processor in the Target CPU
Information dialog box. This step is very important.

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 to 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 Debug mode is entered.

x
Device | Target | Output | Listing | User | C/C++| Asm | Linker Debug |Ummes |
" Use Smulator Seftings | % Use: |Pemicro OShag/Multiink/Cyclor ¥ | Settings |
[~ Limt Speed to Real- Time UILINK Cortex Debugger
RDI Interface Driver
¥ Load Application at Startup ¥ Runtomain{ ¥ Load ;;.:l;‘r:ngl‘aglglrcmex Debugger main{)
Initialization File: Initializati Signum Systems JTAGjet
Cortex M/R JLLINK/ - Trace
| J it ST-Link Debugger J Edits
ULINK Pro Cortex Debugger
Restors Debug Session Settings Restorel 111 o Sorex
¥ Breakpoirts ¥ Toolbox el Pemior OS.tagMulilink/Cyclone
IV Watch Windows & Performance Analyzer ¥ Watch Windows
¥ Memory Display ¥ Memory Display
CPUDLL: Parameter. Dnver DLL Parameter.
ISARMCM3 DLL. I-MPU ISARMCMB DLL I-MPU
Dialog DLL:  Parameter Dilog DLL.  Parameter.
IDCM DLL I-pCMA ITCM DLL I-pCMA
[ ok ][ camcel |[ Defaurs | Help
zl

Please select connection interface, port, and settings for connection.

Connection port and Interface Type
Add LPT Port

= FRefresh List

Interface; ILISB Hultilink, Embedded Multiink, or Embedded 05.Jtag

Port: ILISB1 : Embedded O5SBOM Device () j

—Target CPU Informatiar
CPU.IMKEDNE12VMD1DD j

BDM Communication Speed

FC Parallel Part wait states : [0 DELEY CHT = I 1}

B Diebug Shift Frenp BOM_SREED = | =

MCU Internal Bus Frequency (For programming]
& AutoDetest

| WEU Internal Bus frequency (FRER] in He = I i} (Decimal]

Reset Dption:
’]_ Delay after Reset and before communicating to target for I 0 milizeconds [decimal].

Cancel

[~ Show this dialog before attempting to contact target [Othensize only display on Emor]
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2) Connecting a ULINK2, ULINK-ME or ULINKpro to the Freescale Tower board:
Freescale provides the ARM standard 20 pin Cortex Debug 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 installed 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: =/ Al
Pictured is the 10 pin to 20 pin Keil connector. The arrows point to pin 1. 20 Pin Cortex Debug Connector
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 ULINK?2 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 a 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.

Power: Power the board with a USB cable as shown below (J13) or the method
spec1ﬁed for your board

10 to 20 Pin Cable

Keil ULINK-ME

Segger Cortex Adapter

J-Link: Segger provides an adapter to go from the large 20 pin
connector to the 10 and 20 pin Cortex connectors as shown above.
Contact Segger to purchase this adapter: www.segger.com

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.

ULINKpro connected to a K60 Tower
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3) Configuring ULINK2 or ULINK-ME and pVision: (similar instructions for J-Link)
If you are using a ULINKpro or OSJTAG, you can skip this page:

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. ULINK?2 and ULINK-ME are essentially the same devices electrically
and any reference to ULINK2 here includes the ME. The ULINKpro, which is a Cortex-M ETM trace adapter, can be used
like a ULINK2 or ULINK-ME with the advantages of faster programming time and an enhanced instruction trace window.

1) Select the debug connection to the target:

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

2. Select Options for Target EAN or ALT-F7 and select the Debug tab. In the Linker Debug | Ut |
drop-down menu box select ULINK2/ME Cortex Debugger as shown here:  Use: [ULINK2/ME Corex Debugger »] _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. In Port: select SWJ and SW. Serial Wire Viewer (SWV) will not work with JTAG selected.
TIP: J-Link does not have a SWJ setting. This is enabled automatically by the J-Link.

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 either JTAG or SWD. SWD and JTAG operate at approximately the same
speed. Serial Wire Viewer (SWV) will operate only in SW (SWD) mode.

2) Configure the Keil Flash Programmer: =

Debug | Trace | Fash Download |

6. Click on OK once and select the Utilities tab. A T el e
7. Select the ULINK similar to Step 2 above. | S Device Name
ULINK Version: [ULINK2 © L0 U RN Com St SHLD _J
8. Click Settings to select a programming algorithm. Device Fany: [Conmetl 5|
9. If an algorithm is not already selected, select Add H;"”;V’:m s 10600
and select MKxxN 512kB Prog Flash as shown 7 s por (B vemel e Deiks e
below or the one for your processor: feco w2l A i e
10. Click on Add to select your chosen algorithm. [rConect & Reset Options ——————————— 1 ~Cache Opfions— . ~Dowrload Options ———
Comnect: [Nomal | Reset:[Autodetect x| | | ¥ Cache Cade I” Verfy Code Download
11. Click on OK once. ¥ Reset sher Connect ||| EXcehmn |1 (st
TIP: To program the Flash every time you enter Debug
mode, check Update target before Debugging.
12. Click on OK to return to the main screen. F——— =
13. You have successfully connected to Kinetis. Debug | Traos s Dowiosd |
r Download Functon ————————————— ~ RAM{or Algorithm
14. At this point you can compile source code, program Lypp C Ees=RilCie [ Fogan
.. ’ @ Erase Seclors [V Ver Start: |220000000 Size: | (4000
it into Flash, enter Debug mode, start and stop your ¥ ot fommarun -
program and set/unset breakpoints plus much more. | Programming Agarttm
. . . Description | Device Type | Device Size | Address Range |
TIP: The Trace tab is where you configure the Serial Wire MKoNS5I%EProgFesh  CnchipFash 512 00000000H - ODU7EFFFH
Viewer (SWV). You will learn to do this later.
TIP: If you select ULINK or ULINKpro, and have the
opposite ULINK physically connected to your PC; the error Sar: [B:00000000 | Size 000050000
message will say “No ULINK device found”. This message o
actually means that pVision found the wrong Keil adapter
connected. Either select or connect the right ULINK. Helo
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4) Configuring ULINKpro and pVision:
KNB60N512 examples are configured for ULINKpro by default. These steps are included for reference.
1. Assume a ULINKpro is connected to a powered up Kinetis target board, uVision 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 6.

1) Select the debug connection to the target:

2. Select Options for Target EAN or ALT-F7 and select the Debug tab. In
the drop-down menu box select the ULINK Pro Cortex as shown here: [ ]

Select Settings and Target Driver window below opens up: Linker Debug | ities |

4. InPort: select SWJ and SW. SWV will not work with JTAG selected  Use: JULINK Pro ConesDetugger =] _Setins |
unless you are using the 4 bit Trace Port. See the second TIP: below: |

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. Debug | Trce | Fash Dowrload |
TI P: YO 1 1 . ~ULINK USB - JTAG/SW Adapter — — SW Device
u can do regular debugging using JTAG or SWD St 2 . | o
SWD (also called SW) and JTAG operate at approximately ! 2 T e =
. . . . ULINK Version: [ULINKZ :
the same speed. Serial Wire Viewer (SWV) will not operate j o
. . . Device Family: [Cortex-M J
in JTAG mode unless the ULINKpro is using the Trace Port e Verson: [T 4T P ] |
with ULINKpro to output the trace frames rather than the 1  sws Por: [STN=] e g —
bit SWO pin. This is selected in the Trace tab and is MaxClock: [ThFz  ~] s | [oeee | [pgete| Rl T
discussed later. e
. . -Connect & Reset Options ——————————————— ~Cache Options —— - Download Options ———
2) Configure the Keil Flash Programmer: Cornect: [Nomal =] Reset:[Atodetea 1~ P oo | | vmmo:m
. . I7 | Reset after Connect ¥ Cache Memory | | [~ Download to Flash
1. Click on OK once and select the Ultilities tab.
2. Select the ULINKpro similar to Step 2 above.
3. Click Settings to select a programming algorithm.
4. TIfone is not visible click Add and select MKxxN 512kB Prog Flash as shown below or the appropriate one for your
processor:
5. Click on Add to select your chosen algorithm. s =
. Debugl Trage Flash Download |
. Clle on OK once. ~Download Function———————— ~ RAM for Algorithm
. Lopn © EmseFul Chip ¥ Program
TIP: To program the Flash every time you enter Debug §q © EmseSedon ¥ vy Stat: [D20000000 | Size: [Ccd000
. " DonotErmse [V Resstand Run
mode, check Update target before Debugging. S
r Programming Algorithm
7. Click on OK to return to the pVision main screen. Descrplion [_Device Type _|_Devics Sizs | AddssRange |
MKexM 512<B Prog Fash On-chip Flash 512 000D0000H - DD07FFFFH
8. You have successfully connected to the Kinetis
target processor.
9. Atthis point you can compile source code, program S oo e [oamsnme
then into Flash, enter Debug mode, start and stop
these programs and set/unset breakpoints and much [==1
more:

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 uVision found the wrong Keil adapter connected.

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

TIP: uVision windows can be floated anywhere. You can restore them by setting Window/Reset Views to default. Using
two monitors is also supported.
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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
K60N512 Tower board. If you are using another Tower board or the Kwikstik, select the appropriate Blinky project. If you
are unable to get this example working with your Kinetis Tower board, please contact the author or Keil tech support.

It is possible to use the ULINKpro or the P&E OSJTAG with this example. The Segger J-Link is also supported. ULINKpro
is selected by default. We will add a Target Option for the ULINK2. You could also just modify the existing target option.

1. Connect the ULINK?2 as pictured on the first page. Use the special 10 to 20 pin cable for both the ULINK?2 and
ULINK-ME. See page 5 for P&E. ULINKpro is configured with this Blinky project. Connect it as on page 6.

2. Start pVision by clicking on its desktop icon. s
Select Project/Open Project. Open the file C:\Kei\ARM\Boards\Freescale\TWR-K60N512\Blinky\Blinky.uvproj.

-

4. Make sure “K60N512 Flash” is selected: = K8ON512 - Flash
This is where you select different target configurations such as to execute a program in RAM or Flash. We will
make a copy of this one and configure it to use a ULINK2. You can create many target options and select them.
Projects for other Kinetis processors contain various target options that you can use as a template for your projects.

In the main pVision menu, click on Project/Manage and select Components, Environment, Books. ..

Select the NEW icon or press the INSERT key on your keyboard. [Project Targes:
In the space that appears: enter the name of your target option. I chose ULINK?2 Flash: KEa12 - Fest
| | | ULINK2 Flash |
. . L KGON512 - Flash -
Click on OK to enter it and close this window. ORI Tt

KE0M3512 - RAM

Select your new Target Option as shown here; =)

10. At this point, you can select Options for Target EAN and select the adapter you are using. See instructions on
previous pages to accomplish this. ULINK2 is on page 7. Remember to select the Flash programmer too.

g
11. Compile the source files by clicking on the Rebuild icon. L) . You can also use the Build icon beside it.

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

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

13. Enter Debug mode by clicking on the Debug icon. I‘a'l 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.
14. Click on the RUN icon. = Note: you stop the program with the STOP icon. @

The LEDs E1 through E3 on the Kinetis board will now blink in sequence.
Now you know how to compile a program, load it into the Kinetis processor Flash, run it and stop it.

000362 442C ADD 4,148,175
7 if (num == LED NUM) { dir = -1; num = LED NUM-1; }
M0x00000366 2C03 cmp r4, $0x03

2) Hardware Breakpoints:

1. With Blinky running, click in the margin in the source file Blinky.c | sieeceiss T2 55 70507 o
on a darker gray block somewhere in the while(1) loop as shown : & AT .
below: ] ] =

82 LED Config():
1 1 : . . a3
2. Ared circle is created and soon the program will stop at this point. ™ o
1 . . . . 86 LED NUM-1
The yellow arrow is where the program counter is pointing to in S e -
both the disassembly and source windows. B
. . ai Delay(250);

4. Recall you can set and unset hardware breakpoints while the 2 e ort imm. ]

program is running. # o

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

Remove the breakpoint by clicking on the red circle.
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8) Call Stack + Locals Window:
Local Variables:

The Call Stack and Local windows are incorporated into one integrated window. Whenever the program is stopped, the Call
Stack + Locals window will display call stack contents as well as any local variables belonging to the active function.

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

1. Run and Stop Blinky. Click on the Call Stack + Locals tab.
2. Shown is the Call Stack + Locals window.

Call Stack + Locals

The contents of the local variables are displayed as

. . . Mame LocationMalue Type
well as names of active functions. Each function name = el 000003 A4 S flunsioned inf
will be displayed as it is called from the function ¥ Dy void flunsigned inf)
P ey dIyTicks 0000000 FA param - unsigned int

before it or from an interrupt or exception. L
i e W ocurTicks _ auto - unsigned int

When a function exits, it is removed from the list.

= % main 0x000002C4 int [
The first called function is at the bottom of this table. @ num 0x00000002 auto - int
This table is active only when the program is stopped. @ dir L [EEE

(1 Call Stack + Locals ‘ Watch 1 | B Memory 1 |

™
3. Click on the Step Inicon or F11: i

4. Note the function different functions displayed as you step through them. If you get trapped in the Delay function,
iy

use Step Out or Ctrl-F11 to exit it immediately.

5. [Ifavailable, clicking numerous times on Step In will display other functions. This Blinky example is too simple to
display many deep levels of function calls.

6. Right click on a function name and try the Show Callee Code and Show Caller Code options as shown here:
This will be indicated in the appropriate source file and disassembly windows.

OladS NN A4 |

. . i . . .
7. Click on the StepOut icon to exit all functions to return to main(). ¢ num Shaow Caller Code
TIP: If single step (Step In) doesn’t work as you expect it to, click on the ' main Show Callee Code
Disassembly window to bring it into focus. If needed, click on a disassembly - @ num

line to step through assembly instructions. If a source window is in focus, you v' | Hexadecimal Display

VO
pa
in

au

dll

. . . - odir
will step through the source lines instead.
- @ hitns [ ninnoonn |

TIP: You can modify a variable value in the Call Stack & Locals window when the program is stopped.

TIP: This is standard “Stop and Go” debugging. ARM CoreSight debugging technology can do much better than this. You

All

can display global or static variables or structures updated in real-time in the Watch and Memory windows while the program

is running. You can modify variables in the Memory window. Update while the program is running is not possible with

local variables because they are usually stored in a CPU register. They must be converted to global or static variables so they

always remain in scope. Structures are always available as are peripheral and raw memory addresses.

If you have a ULINKpro and ETM trace, you can see a record of all the instructions executed. The Disassembly and Source
windows show your code in the order it was written. The ETM trace shows it in the order it was executed. ETM also
provides Code Coverage, Performance Analysis and Execution Profiling.

Changing a local variable to a static or global normally means it is moved from a CPU register to RAM. CoreSight can view

RAM or other memory mapped locations but not CPU registers when the program is running.

Call Stack:

The list of stacked functions is displayed when the program is stopped as you have seen. This is useful when you need to
know which functions have been called and what return data is stored on the stack.

TIP: You can modify a variable value when the program is stopped. You can also modify a CPU register at this time.

TIP: You can access the Hardware Breakpoint table by clicking on Debug/Breakpoints or Ctrl-B. This is also where
Watchpoints (also called Access Points) are configured. You can temporarily disable entries in this table.

Selecting Debug/Kill All Breakpoints in the Breakpoints window (Ctrl-B) deletes all Breakpoints but no Watchpoints.
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4) Watch and Memory Windows and how to use them:
The Watch and Memory windows will display updated variable values in real-time. It does this using ARM CoreSight

debugging technology that is part of Cortex-M processors. It is also possible to “put” or insert values into memory locations
using the Memory window in real-time. It is possible to “drag and drop” variables into windows or enter them manually.

a) Watch window:

You can do the following steps while the CPU is running. Click on RUN if desired. El
In the file Blinky.c locate the volatile variable msTicks. It will be near line 19.

1
2
3. In Blinky.c, right click on msTicks and select Add msTicks to ... and select Watch 1. msTicks will be displayed
4. This action will open the Watch window if it is not already open and display msTicks as shown below:

5

If Blinky is running, msTicks will update in real-time. If not,

‘Watch 1 o x

click on RUN @ to start Blinky.

TIP: You can also block msTicks, click and hold and drag it into Watch 1. : _
Release it and it will be displayed updating as shown here: E————————> obleclek orf2io s

You can also enter a variable manually by double-clicking or pressing F2 Eacallstack | Locals jglWateh 1 | Memory 1 |
and using copy and paste or typing the variable name in.

These three methods of entering variables also work with the Memory and Logic Analyzer windows. Variables can be
selected from the Symbol table. This also has the benefit of fully qualifying them (where they are located).

TIP: To Drag ‘n Drop into a tab that is not active, pick up the variable and hold it over the tab you want to open; when it
opens, move your mouse into the window and release the variable.

b) Memory window:
1. In Blinky.c, right click on msTicks and this time select Add msTicks to ... and select Memory 1.

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 in your program but it will be displayed the same way.

4. Right click in the memory window and select Unsigned/Int.
5. The data contents of msTicks is displayed as shown here: IZ{>_
. . . Address: I&ms'l'icks EI j
6. Both the Watch and Memory windows are updated in real-time.
Ox1FFFg004: 0008&CD5 00000000 00000000 Q0000000
. . . . Ox1FFFg8014: 00000000 00000000 00000000 00000000
7' nght_Cth ona memory locatl.on and .SeleCt MOdlfy Memor}{' O0x1FFF8024: 00000000 00000000 00000000 00000000
You can change the value of this location while the program is 0x1FFF8034: 00000000 00000000 00000000 00000000 ||
running. The Watch window can be modified when stopped. cat stack | GlLocal | FAwaten1 | ) Memory1

TIP: You are able to configure the Watch and Memory windows while the program is still running in real-time without
stealing any CPU cycles. You are able to modify the variable values in a Memory window in real-time.

How It Works:

uVision 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.
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c) 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. In Blinky.c, right click on num and select Add num to ... and select Watch 1where num will now be displayed.
4. The value of num is displayed as <cannot evaluate> because pVision can’t read locals while the program is running.
5

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: e [] Abstractost | [2] startup_MKSONS12MD100.s 2] Blinky.c X | s
6. The program will soon stop here. Each time you click D SwsTick Confia(SysteCoreClock/1000); J* Genezate interg]
RUN, this value is updated. g2  LED Comfig();
83
TIP: Remember: you can set/unset hardware breakpoints i .

on-the-fly in the Cortex-M processors ! . : )
87 LED_NUM) { dir
7. Note the num value now displays its correct value S elsenr  (mm<0) s
it 1 1 Q1 : an LED On (num) ;
because it is now in scope. This is shown in the : Derey (2500 s
second screen below: Y LED_CE£ (mum) ; J
93 Delay(250);

94

9. uVision 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. In adition, num is a local variable and therefore
is normally temporarily stored in a CPU register. pVision cannot read these while the program is running.

8. Remove the breakpoint by clicking on it to remove the
red circle.

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

Watch 1 2 x
11. num changes to <cannot evaluate>.
Name Walue I
How to view these variables updated in real-time: ¢ msTicks 00124838

um (00000002
<doubleclick or F2 to add>

All you need to do is to make num static ! This changes it from
existing in a CPU register to a RAM location.

1. In the declaration for num add static like this:
int main (void) { -;,-'j Call Stack | gﬁaLacals j@Watch 1 [

static int num = -1;

Memory 1

2. Stop ) the program and exit Debug mode @ . TIP: You can edit files in edit or debug mode, but can compile
them only in edit mode.

3. 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 EAN , select the Utilities
tab and select the “Update Target before Debugging” box.

Enter Debug mode. @1
Click on RUN.
num is now updated in real-time. This is ARM CoreSight technology working.

8. Stop the CPU 9 and exit debug mode @ for the next step.

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

TIP: Sometimes when you change a variable type, uVision will not be able to find it. You can re-enter it as previously
described. Sometimes it helps if the variable is fully qualified. In this case it would be \Blinky\main\num. You can drag a
variable from the Symbols window into a Watch or Memory window and it will be entered fully qualified.
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5) Getting the Serial Wire Viewer (SWV) working:
Serial Wire Viewer provides data trace information including interrupts in real-time without any code stubs in your sources.

a) For ULINK2 or ULINK-ME: Configuration must be set as on page 7 (ULINKpro instructions are on page 8). Segger
J-Link instructions are very similar to ULINK2. The differences are intuitive to work around.

Configure SWV:

1. wVision must be stopped and in edit mode (not debug mode).

Select Options for Target AN or ALT-F7 and select the Debug tab.

Click on Settings: beside the name of your adapter on the right side of the window.

Confirm Port: is set to SW and SW1J box is selected for SWD operation instead of JTAG.

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

In Core Clock: enter 56.2 for MDK 4.71a and earlier or 96 for later versions of MDK. Select Trace Enable.

Select Periodic and leave everything else at default. Periodic activates PC Samples and is a good test for SWV.

© N L AW

Click on OK twice to return to the main pVision menu. SWV is now configured and ready to use.

TIP: This window can also be opened in Debug Y

mode by selecting Debug/Debug Settings. Debug Trace | Fash Dowrioad |

Display Trace Records: Core Clock: | 56.200000 MHz [V Trace Enable
@ — Trace Port r— Ti Trace Events
9. Enter Debug mode. Serial Wire Output - UART/NRZ j [V Enable Prescaler: I‘I VI ™ CPI: Cycles per Instruction
= SWO Clock Prescaler: | 25 ~PC Samping F ?L{E:E?;Tmi"’[‘:""emead
10. Click on the RUN icon. =¥, P odetect Prscaec 10276 =1 || 1 1oty ot e
LSU: Load Store Unit Cycles
11. Open Trace Records L O"d‘:l 1170833 MHz [V Periodic F‘eriod:l 291530 us [~ FOLD: Folded Instructions
window by CliCking = - - e [~ on Data R/W Sample ¥ EXCTRC: Exception Tracing
on the small arrow V| Recards ~ ITM Stimulus Ports
. . - 3 Pot 2423 Pot 1615 Pt 8 7 Pot O
. Excepti
beside the Trace icon: ceptions Encble: [WFFFFFFFF | vV WPV MYV VeV
12. The Trace Records Counters Prvilege: [2:00000008 Pot31.24 ¥ Por23.16 [ Poit 15.8 I Pot 7.0 I
window will open and display

Exceptions and PC Samples as shown:

Ok | Cancel Hel
TIP: Remember the Core Clock: must be l .
correct for ULINK?2 and ULINK-ME or you will see 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 56.2,47.97 or 96 MHz. Use a scope on the SWO pin if needed to determine the value of Core Clock: Measure
the time period of the narrowest pulse and invert it to get Core Clock:.

ULINKQpro uses this only for timing purposes since Manchester encoding is used out the SWO pin which is self-clocking.

Exception 15 is the SYSTICK timer. Itis a x|

dedicated timer for use with an RTOS. Tipe O [Mum | Addess | Dta | PC [ Oy| Goks | Tmes |4
PC Sample 00D003COH 4132373632 73546928171
: : Exception En 15 41732383243 73546945272
All frames have a timestamp displayed. Exception Bt 15 41332383253 735.46945290
. . Exception Retum 0 4132283263 735.46945308
Exception Return means all exceptions have PC Sample DODDO3BEH 41333330016 73546357324
; PC Sampls DDDCO3BEH 41333406400 735.46986477
returned. This can be used to detect Cortex PC Sample DO0DO3BEH 41333422784 73547015630
. . .. Exception Ertry 15 41732431215 735.47030632
exception tail-chaining. Excepton Ext 15 A1BUND5 7IEATV6LS
Exception Retum 0 41333431235 735.47030667
If you open the Trace Exceptions window youwill  |£ e DA S
: : PC Sampl 000003CEH 4133471936 73547103089
see SYSTICK displayed by Exception number. Evonton Entry 15 aaay e arisesy
o . Exception Bxt 15 4132479197 73547116009
Double-click inside any of these two windows to Exception Retum 0 41333479207 73547116027
PC Sample 000003CEH 41732488320 735.47132242
clear them. PC Sample 000003CEH 4133504704 73547161395
PC Sample 0000D3CEH 41333521088 735.47150548

. S . Exception Ent 15 417337155 7IAT0N61 L
Right click in the Trace Records window and you =pton Sty =

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.

There are more things you can do with SWV which you will see in the next few pages.
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b) For ULINKpro: This is not ETM trace. See page 30 for ETM trace.
1) Configure SWV:

uVision must be stopped and in edit mode (not debug mode).

2. Confirm ULINKpro is configured as found on page 8: 4) Configuring ULINKpro and pVision:
SW MUST be selected as well as SW1J.
3. Select Options for Target EAN or ALT-F7 and select the Debug tab.
4. Click on Settings: beside the name of your adapter on the right side of the window.
5. Click on the Trace tab. The window below is displayed.
6. Core Clock: ULINKpro determines this automatically. It uses this only to calculate timings. Enter 56.2 MHz for
MDK 4.71a and earlier and 96 MHz for later versions. The DSP example always uses 56.2 MHz.
7. Select the Trace Enable box.
8. In the Trace Port box select Serial Wire Output — Manchester. Selecting UART/NRZ will cause an error.
9. Select Periodic and leave everything else at default. Periodic activates PC Samples and is a good test.
10. Click on OK twice to return to the main pVision menu. SWYV is now configured and ready to use.
TIP: Sync Trace Port with 4 bit Data field sends the Xl
trace and SWV records out the 4 bit trace port rather Debug Tece | Fash Dowrioad |
than the single pin SWO. The Trace Port is faster and Core Closk:| 56200000 iz [ Trace Enable e Hp—
must be selected for ETM trace. It is available only IR = R —
Wlth the ULINKp ro. Serial Wire Output - Manchester j ’7 ¥ Enable Prescaler m [~ CPI: Cycles per Instruction

We will examine this setting later on page 31. Sync Trace Port with 2bt Data PC Sampiing

TIP: You can also access this window in Debug mode
by selecting Debug/Debug Settings and selecting the

Sync Trace Port with 1-bit Data

[~ EXC: Exception overhead

[~ SLEEP: Sleep Cycles
Prescaler: [ 1024716 7] [~ LSU: Load Store Unit Cycles

¥ Periodic Period:l 291.530us [~ FOLD: Folded Instructions

Sync Trace Port with 4-bit Data
5 fire Output - Manchester

™ on Data R/W Sample ¥ EXCTRC: Exception Tracing
Trace tab.
—ITM Stimulus Ports
- - 3 Port 24 23 Port 16 15 Port 8 7 Port 0
2) Display the Trace Data window: Eble: [BFFFFFFE | oo viele Rl PRreer el PRreevve
@ ani\ege:l[b(DDDDDDDE Port 31.24 Port 23.16 [~ Port 15.8 [~ Pot 7.0 I~
1. Enter Debug mode.
. . OK I Cancel Hel
2. Click on the RUN icon. . =] 2
Open Data Trace window by clicking on the small arrow beside the Trace Data icon: wmmmly |E <& - X -
You can also open the Trace Exceptions window at this time. v | Trace Data
4. The Trace Data window will open. Trace Navigation
v | Trace Exceptions
5. STOP @ the program to display the Exceptions and PC Samples as shown below: Event Counters
Currently, ULINKpro does not update the Trace Data window while the program is running.
The exceptions window does update in real-time.
TIP: The Instruction Trace window is
. . Display: Al =~ E= g - All - E:
different than the Trace Records window - S R ? . d_j — = — ER i =
. . ime ress 'O nstruction ata rc Code rigger r
prOVIded Wlth the ULINK2 NOte the 11.951 005658 5| X : O0x000003BE BCC  0x000003B& d
disassembled instructions are displayed 11.951 297 189 5| X : 0x000003BE BCC  0xI00003E6
. . . 11.951 588 719 5| X : Ox000003BE BCC  0Ox000003B6
and if available, the source code is also emT B Exception Entry - SysTick
displayed. Clicking on a PC Sample line 1SS Tos s Erecplion Bl S/Tik
. . . 5 ception Return
will take you to that place in the source 11.951 B30 249 5| X : (x000003BA SUBS 2,2,
and disassembly windows. All the 1992 463310 X ao0omBA | sUBS a3t
: : s . - RS r2,r2,r
executed instructions are displayed with 11952625125 5 Exception Entry Syemick
ETM trace 119526253025 Exception Exit - SysTick
: 11952625480 s Exception Return
Clear the Trace Data WlIldOW by Cllelng 11.952 754 540 s | X : 0x000003E8 LDR  r2,[r2,#0x00]
a 11.953 046 370 s | X : 0x000003B8 LDR  r2,[r2,#0x00]
11.953 337 900 s | X : 0xD00003E8 LDR  r2,[r2,#0x00]
the red X 11,953 478719 5 Exception Entry - SysTick
. 11953478597 5 Exception Exit - SysTick
The contents of the Trace Data window Tio=a9075s SEmi R =
can be saved to a file. =
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6) Using the Logic Analyzer (LA) with ULINK2 or ULINK-ME:

This example will use the ULINK?2 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.

pVision 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. This is shared with the Watchpoints.

SWYV must be configured as found on page 13 or page 14 for ULINKpro Exit debug mode if not already. @

2. In Blinky.c, near line 32, add the line: msTicks=0; just after uint32_t curTicks; and before curTicks = msTicks;

3. Compile the source files by clicking on the Rebuild icon. b .
LOAD
4. Program the Kinetis flash by clicking on the Load icon: ¥# Progress will be indicated in the Output Window.
Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode box appears.
Select Debug/Debug Settings and select the Trace tab.
Unselect Periodic and EXCTRC. This is to prevent SWV overrun. Click OK twice to return to the main menu.

8. Run the program. Eh‘ TIP: Recall you can configure the LA while the program is running or stopped.

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

10. Locate the volatile variable msTicks in Blinky.c. It is declared near line 19.

11. Right click on msTicks and select Add msTicks to... and select Logic Analyzer.

12. Click on Setup and set Max: in Display Range to OxFF. Click on close. The LA is completely configured now.

13. msTicks should still be in the Watch and Memory windows. It should be incrementing if the program is running.

14. Adjust the Zoom OUT icon in the LA window to about 50 msec or so to get a nice ramp as shown below.

15. In the Memory 1 window, right click on the msTicks value and enter O and press Enter.

16. This modified 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 and global variables, structures and arrays. It can’t see locals: just make them
static. To see peripheral registers enter them into the

Logic Analyzer and write to them. S| 0T (o S|[OS o] et o] - S e T
| o= : 8
1. Select Debug/Debug Settings and select the Trace I A P s F
/- rd
tab. 4 P L7 //
. . 5 e |
2. Select On Data R/W Sample. Click OK. This : . o p g /1
4 v : g
adds the PC column shown below. 4 g 1 7
p— ] // b / g
= 4078558 41113558 4115355+ |
3. Run the program. ‘= g |
[Cy—
4. Open the Trace Records window. |
5. The window similar to below opens up: ;—;pe"\m‘t Lo [ten 1?&1?3% I I}DDEFEI;E’DH I DDI}DPDZCAQH — 5*3?:1?*53 I 1n31;:;555022 i’
a yvnie ! ! aNE .
. Data Wite FFFE008H  OODDFOEH  DOODOZC4H ETIATESTSE  103.62340382
6. The first line in Trace Records here means: Data Witte 1FFF00SH  OODOOFOTFH  DODDO2C4H 5734313727 103.63425741
Dats Wiite FFFB008H  OODDFOBDH  DOODOZC4H 5724861699 103.63511101
7. The instruction at 0x2C4 caused a write of (£ . B B
data 0x0000_FO7D to address OxIFFF 8008 | pEe mem pome gmer womn
at the listed time in Cycles and Time. Date Vite PO 0000FOBS  000002CAH Shsieen 100Gy
. . || Dats wirite 1FFF8008H 0D0DFOB7H D00D02C4H 5735197503 103.64108617
TIP: The PC column is activated when you selected Data Wite FFF2008H  ODODFOBBH  DODDOZC4H 5735245475 10364132976
. . Data Write 1FFF2008H OD0DFOBSH D00D02C4H 5735293447 103.64279336
On Data R/'W Sample in Step 2. You can leave this Data Wite 1FFF2008H  ODODFOBAH  DODDOZC4H 5735341413 103.64354635
X . Data Wite FFFE008H  CODDFOBEH  DOODO2C4H 575389391 103.64450054
unselected to save bandwidth on the SWO pin. Data Wite 1FFFE00BH  ODODFOBCH  DODDOZC4H 5735437363 103.64535414
Dats Wite 1FFFE008H  OODOFOSDH  DOODOZC4H 575485335 103.64620773
. Sy s e Data Wi FFFB008H  OODDFOBEH  DODDO2C4H 5735533307 10364706133
TIP: The ULINKpro will give a more sophisticated Data Wirte 1FFFS008H  ODOOFOSFH  DOODO2C4H 57IBE1279  103.64731432
. . Data Write 1FFFE008H ODODFOS0H 000D02C4H 57356259251 103.64876852 ;I
Instruction Trace window.
Watchpoints are described on the next page.
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7) Watchpoints: Conditional Breakpoints

The Kinetis Cortex-M4 processors have four Watchpoint comparators. Watchpoints can be thought of as conditional
breakpoints. The Logic Analyzer uses the same CoreSight components as 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.

Each Watchpoint uses two comparators out of four. pVision warns you if you have set too many Watchpoints and/or
breakpoints. SWYV or ETM do not need to be configured and any ULINK or J-Link can be used for Watchpoints.

Double-click in the Trace Records window to clear it.

1. Using the Blinky example from the previous page, stop the program. Stay in Debug mode.

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. In the 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: Erm)> EE ]
6. Click on Close.
7.

8.

Set msTicks in the Watch 1 or Memory 1 window to 4. This
is to allow the program to run for a bit.

9. Click on RUN.

i

l Access
. Expression |msTlcks =3 V Read ¥ Wiie

10. When msTicks equals 3, the program will stop. This is how a — o
Watchpoint works. cot || = —— T bes
p Command: | m [ Objects

11. You will see msTicks incremented in the Logic Analyzer as
well as in the Watch window if you choose a Watchpoint Defire | KilSelected | A1 Gose | Hep |
with a higher value.

This is not so easy to see since msTicks rolls over very fast in this example.

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 and the program must be stopped to display the trace frames.

13. There are other types of expressions you can enter and they are detailed in the Help button in the Breakpoints

window. 1
[ Dam | PC__ | Dy| Cyces | Tmel) |~|

Dota Wite FFFB00BH  ODUDDODIH  00000ZCH 27572147844 49219892142

Deta Wiite FFFB00BH  ODUDDOU2H  0DDOOZCAH 27572195816 49219977501

Data Wite FFFB00BH  ODUDDOU3H  0DDOOZCAH 27572243788 492.20062860

14. To repeat this exercise, set msTicks in the Watch 1 window to 4 (anything but 3) and select RUN.

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

"
16. Leave Debug mode él 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.

J-Link does not currently display Data reads or writes in its trace window.
P&E OSJTAG does not currently support Watchpoints.
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8) 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 now comes with a BSD license and is incorporated in MDK or is available from www .keil.com/demo/eval/rtx.htm.

RTX Blinky uses a ULINKpro as default. If you are using a ULINK2 or J-Link please configure it in steps 5 through 10.
We will add a Target Option for the ULINK2. You could also just modify the existing target option.

1. Connect the ULINK2 as pictured on the first page. Use the special 10 to 20 pin cable for both the ULINK?2 and
ULINK-ME. See pages 5 for P&E. ULINKpro is configured with this Blinky project. Connect it as on page 6.

2. With uVision in Edit mode Select Project/Open Project.
Open C:\Kei\ARM\Boards\Freescale\T WR-K60N512\Blinky\Blinky.uvproj.

4. Make sure “K60N512 Flash” is selected: |« K80N312 - Flash T
This is where you select different target configurations such as to execute a program in RAM or Flash. We will
make a copy of this one and configure it to use a ULINK2.

In the main pVision menu, click on Project/Manage and select Components, Environment, Books...

Select the NEW icon or press the INSERT key on your keyboard. [Project Targets
In the space that appears: enter the name of your target option. I chose ULINK2 Flash: K2 - Pt
ULINK2 Fiash |
. . L [Kks0N512 - Flash [~]
Click on OK to enter it and close this window. R
KEONS1D - RAN

Select your new Target Option as shown here: e

10. At this point, you must select Options for Target EAN and select the adapter you are using. See instructions on
previous pages to accomplish this. ULINK?2 is on page 7. Remember to configure the Flash programmer too.

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

LOAD
12. To program the Flash manually, click on the Load icon. ## . A progress bar will be at the bottom left.

13. Enter the Debug mode by clicking on the debug icon @ and click on the RUN icon. =

14. Three LEDs will blink indicating the four waveforms of a stepper motor driver changing. Click on STOP 0

The Configuration Wizard for RTX:

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

3. Open up the individual directories to show the various configuration items available. Do not change anything !
4. See www.keil.com/support/docs/2735.htm for instructions on how to add this feature to your own source code.
/ RTX_Conf_CM.c l < 2 Blinky.c RTX_Conf_CM.c | - x

081 #ifndef 05_TICK —
082 #define O5_TICK 10000 B (Bl | [Efpodl] I
083 fendif Option ‘ VYalue
084 Task Definitions
0gs /S </ms {- humber of concurrent running tasks 7
086 // <e>Round-Robin Task switching Humber of tasks with user-provided stack o
087 /7 . Task stack size [trykes] 200
088 // <i> Ena d-R ¢ - Check for the stack overflow e
083 #ifndef OS5 _ROBIN - Runin privieged mode r
090 #define OE ROBIN 1 J . Wumber of user timers 1}
091 $endif - SysTick Timer Configuration
e ' - Timer clock value [+2] 72000000
093 /s <o»Round-Robin Timesout -_":i/:.‘-(s._" w1-1] ;;DUD
04 S long & task will exe <
035 Sy <i> Default: §
095 #ifnde OS_ROBINTOUT
0s7 #define OS_ROBINTOUI’ 5
narR  fendif -
\J'i!‘-lm ——— LI—‘ Text Editor }\Cnnﬁguralionwi!ard
Text Editor: Source Code Configuration Wizard
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9) 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 Task Aware windows for RTX. Other RTOS

[RTX Tarskn el Syrstemms

companies also provide awareness plug-ins for pVision.

[ mmm—
Run RTX_Blinky again by clicking on the Run icon. [ e ———————
Tich. T 10,000 mEex.
2. Open Debug/OS Support and select RTX Tasks and System | S Sy ot {0
and the window on the right opens up. You might have to T T —
grab the window and move it into the center of the screen. T g, Yoo
Note these values are updated in real-time using the same +.. pE—— U —
technology as used in the Watch and Memory windows. Tt : oty ey
3. Open Debug/OS Support and select Event Viewer. There is 3w : [rasr EEEMoen [oom o
probably no data displayed because SWV is not configured. e e : I o |t R
RTX Viewer: Configuring Serial Wire Viewer (SWV):
We must activate Serial Wire Viewer to get the Event Viewer working. i cisum
These steps are for ULINK2. For ULINKpro, see page 14.
1. Stop the CPU and exit debug mode. 0 @ xl
i Debug | Trace | Fash Download |
2. Click on the Options icon EAN next to the target box. it
enal No: [TREEERS IDCODE | Device Name [ Heye
. . SWDIO eSight SW- "
Select the Debug tab and then click the Settings box next to —— s I Gmese ill
ULINK2/ME Cortex Debugger dialog. e e O
. . v art: [SW T aual Corfiguration evice Hame
4. In the Debug window as shown here, make sure SWJ is “ el | ool el gl e —
checked and Port: is set to SW and not JTAG. o
. . Connect & Resst Options | Cache Options | | Download Options
Click on the Trace tab to open the Trace window. Comect [Nomal =] et [Arodeet o] L’Z Cache Cede P‘ Vet Code Davread
¥ Resel after Connect [ Cachs Memory | | [ Downloadto Flash
Set Core Clock: to 56.2 MHz and select Trace Enable. For
MDK after 4.71a, set this to 96 MHz. With a ULINK2 or e
ULINK-ME, this must be set exactly to the CPU frequency.
L x
Unselect the Periodic and EXCTRC boxes as shown here: Debug Troce | s Dowriod |
ITM Stimulus Port 31 must be checked. This is the port used Core Cloce [ 56200000 Wz 1@ Tace Brabe
toloutput the k.erne.l awareness .information to the Event [ e R a—
Viewer. ITM is slightly intrusive. SO Cock Prscaer. [ TE e S — F?f&?iflfl:;:ﬁd
¥ Autodetect Prescaler: 16 ¥
9. Click on OK twice to return to the pVision main menu. WO T W | | - e s [ || - o st
The Serial Wire Viewer is now configured in pVision. L it el
rITM Stimulus
10. Enter Debug mode and click on RUN to start the program. O o e e e e S
. . Priviege: [2<00000008 | Pot31.24 ¥ Pot23.16 [ Port 15.8 |~ Port 7.0 T~
11. Select “Tasks and System” tab: note the display is updated.
12. Click on the Event Viewer tab.  Coreal | tels
13. This window displays task events in a graphical format as foenvene

Load.. || MnTme MaxTme Grd Zzom Update Soreen | dumpio | Trensiton [T Taskindo [ Cursor
Sve...] 910398 ma | 24291785 085 |(B IOt A) [Step | [Gear ] [Code [Trace]| Brev]fient] I show cyces
" T [

shown in the RTX Kernel window below. You probably have
to change the Range to about 0.5 seconds by clicking on the

8 Tasks e ._:I(r)nb_\ :Il".m!
ALL and then the + and — icons. - Y
TIP: View/Periodic Window Update must be selected ! st @ [ I ||
TIP: If Event Viewer doesn’t work, open up the Trace Records and oo || AN
confirm there is good ITM 31 frames present. The most probably cause |~ Ll SRR
for no valid ITM frames is the Core Clock: is not set correctly i ! :| :| |” :[ o :I :| :| ]||
ok, )
Cortex-M4 Alert: uVision will update all RTX information in real- «= I
time on a target board due to its read/write capabilities as already |, w3055 .
described. The Event Viewer uses ITM and is slightly intrusive. e

You do not have to stop the program to view this data. Your program runs at nearly full speed. No instrumentation code
need be inserted into your source. You will find this feature very useful to see if RTX is behaving as you expect it to !

18
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10) 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. Close the RTX Viewer windows. Stop the program and exit debug mode.

2. Add 4 global variables unsigned int phasea through unsigned int phased to Blinky.c as shown here:

3. Add 2 lines to each of the four tasks Taskl through Task4 in Blinky.c as EES #;;E;n; EEB:E o
shown below: phasea=1; and phasea=0; :the first two lines are shown 029 | #define LED_CLE LED_1
added at lines 081 and 084 (just after LED_On and LED_Off function (oo ) )

- LT 031 | unsigned int phasea; ¢
calls). For each of the four tasks, add the corresponding variable 032  unsigned int phaseh:
assignment statements phasea, phaseb, phasec and phased. 033 | unsigned int phasec:

4. We do this because in this simple program there are not enough suitable gg; unstaned int phased;
variables to connect to the Logic Analyzer. 096 | f#mmm
TIP: The Logic Analyzer can display static and global variables, structures and gg; i : ________ }jffffl_ff_ls_l_ff—_fz_'

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.

5.

6.

Enter the Variables into the Logic Analyzer:

9.

10.

11.
12.
13.
14.

15.

16.

g P4 ] m
. . +¥] LOAD 0758 * Task 1 'phaseA': Dhase A output
Rebuild the project. = Program the Flash ¥ 076 b L
@ 077[-] _task void phasei (void] !
07a for (;:) i
Enter debug mode ’ 079 os_evt_wait_and (0x0001, Oxffff): SE
) ) E_L 080 LED Om (LED_&):
You can run the program at this point. = o8t phasea = 1: —
. . . . 082 =2ignal fune (£t phaseE) » S
Open View/Analysis Windows and select Logic Analyzer e LED OFf (LED L):
. = 024 phazes=0; D ——
or select the LA window on the toolbar. e )
086 | 3

Right-click on the variable phasea and select Add phasea to... and then select Logic Analyzer. The LA will open.

Repeat for phaseb, phasec and phased. These variables will be listed on the left side of the LA window as
shown. You might have to adjust the LA margins. 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 on STOP in the Update Screen box. The program will keep
running. Select Signal Info and Cursor.

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 phaseb: Note each LED is on for about 1.28 seconds.

Stop the program and exit Debug mode when you are finished.

Logic Analyzer

Setup... || Load... |  Min Time Max Time  Grid Zoom Min/Max  |Update Screen| Transtion | Jumpto ¥ Signal Info [~ Amplitude
Save..||[24.68007s [5535595s | 1s |[in J[Out][Al] [ Start |[Clear ||[Prev|[Net]| [Code][Tmee]| [~ Show Cycles ¥ Cursor
phasea H | .
° e :
3 ; ; | I
phaseb 0 i i
0 ] ]
3 : i . N
phasec : : : : Mouse Pos Reference Point Drelta
0 | | | IE | Time: 545.0325 5 543.7525 5 1.28 s =075125Hz
; ; ; ; Value: 0 1 -1 —
3 : : . PC §: /A N/
phased j j 8 8
L : : ? L o] 0 4.0 : : : : : ? ?
539.2525 5 [543 7525 5| [645.0325 s, d: 1.28s 554.2525 5
o L -1

@Disasseml:l}' | Q Lagic Analyzer

TIP: You can also enter these variables into the Watch and Memory windows to display and modify them in real-time.
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11) 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 uVision).

You have configured Serial Wire Viewer (SWV) in Page 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,
ULINKpro or a Segger J-Link V6 or higher. SWV is included with MDK and no other components 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.

2.

11.

What is happening here ?

Use RTX_Blinky from the last exercise. Enter Debug mode and run the program if not already running.
OFm- -

Select View/Trace/Records or click on the arrow beside the Trace icon i)

Event Counters

24 7 and select Records.

¥ | Recoras

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 Type [Ovi[tum| Addwss | Data | PC__ [Dy| Guoks | Tm@_lﬂ
IT™ 3 04H 75965830473 1422 35072016
ul um. IT™ 3 05H 79965830963 1422 55072888
nder Num
Data Write 1FFFOO14H 00000001 H DO000GFCH X 75965834318 1422 55078858
To turn this off select Debug/Debug Settings i 3 P i e
. ™ 3 06H 79973668189 1423.01500652
and click on the Trace tab. Unselect ITM ™™ N FFH 7973658465 147301901183
: . : IT™ 3 05H 79993816719 1423.37752169
Stlmulus Port 3 1 . TIP: Port 0 1S used for ™ el D4H 79993817223 142337753066
. . Data Viiite 1FFFOD10H 000DDDDOH  ODDDDSDEH X 79993820542  1423.37758572
Debug prlntf Viewer. ITM 31 06H XK 79993820542 142337758972
™ 3 FFH X 79993820542 142337758572
M M IT™ 3 0&H 79997654339 142344580674
UnseleCt EXCTRC and PerlOdlc‘ ™ 3 FFH 79997654615 1423 44581165
IT™ 3 05H 80017802773 1423.80431980
™ 3 02H 80017803263 1423.80432852
SeleCt On Data R/W Sample' Data Write 1FFFODOBH 00000001 H 00000666H X 80017806574 1423.80438744
. . IT™ 3 06H X 80017806574 1423.80438744
Click on OK twice to return. ITM &l FFH X BODI7B06574 142380438744
™ 3 06H 300271640489 142387260657 ;I
Click on the RUN icon T
. race Records x|
Double-click anywhere in the Trace records Tipe (o[ tum [ socess [ s [ pC__[oy[ Goes [ Tmen |2
. . Data Write 1FFFOD10H 00000000H 00000GDEH 75610038959 1416.54873593
window to clear it. Data Write FFFODOSH  OODDOODIH  DODODGGEH 79634024991 1416.97553365
Data Wite 1FFFOD14H 00000000H D0000710H 79658011259 141740233557
. . Data Write 1FFFODOCH 0000000 1H D0D00RISH 79681597251 1417.82913329
. Data Write 1FFFODOEH 00000000H DODO0ETAH 79705583557 1418.25593518
Only Data Writes will appear now
. . a yvnte 134 . i
. Diata Wit 1FFFOD10H 00000001TH 000006CAH 759729969589 1418.68273250
TIP: You could also have I‘Ight clicked on the Data Vit 1FFFOOOCH 00000000H 0DDO00GACH 79753955857 141910953482
Trace Records window to filter the ITM
frames out.

1.  When variables are entered in the Logic
Analyzer (remember phasea through phased ?),
the reads and/or writes will also appear in =
Trace Records.
2. The Address column shows where the four variables are located.
The Data column displays the data values written to phasea through phased.
4. PCis the address of the instruction causing the writes. You activated it by selecting On Data R/W Sample in the
Trace configuration window.
5. The Cycles and Time(s) columns are when these - .
events happened. -
Module / Mame Location Type |
TIP: You can have up to four variables in the Logic S SRC/CM/TE Task.c Module =]
Analyzer and subsequently displayed in the Trace Records = Module
window. Remember these are shared by the Watchpoints. : 20000110 ynsigned int[3]
TIP: If you select View/Symbol Window you can see EXLFFFGGOS ””Sfﬁm\ J
. ¥l FFFO00C unsigned int \
where the addresses of the variables are. == OxLFFFO010 unsigned int )
Note: You must have Browser Information selected in the 0x1 FFFO014 unsigned inf-
Options for Target/Output tab to see the Symbol Browser. _ — = <
- id + nhacaR w1 EEENNT © NC TIN

TIP: ULINKpro, and J-Link adapters display the trace

frames in a different style trace window. You must stop the program to view their trace windows.
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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 I
4. Click OK twice.
. Core Cl k:l £4.000000 pH ¥ 7 Enatil
5. The Trace Records should still be open. Double e : e
. . . ~Trace Pat————————————— ~ Timestamp: Trace Evenl
Cth on 1t to CIGar 1it. Serial Wwirs Output - UART MMRAZ j ’7|7 Enable F'rescaler.|1 - [~ CPI: Cycles per Instruction
. EXC: E: i head
Click RUN to start the program. 5w Clack Prescaler [ 55 F SLEEP_”;T::;"E:;:S =
¥ Autodetect i
You will see a window similar to the one below Swi Clock: [ 7183038 WHz F LSl Lead Sl Lt s
with Exceptions frames displayed. ¥ EXCTAC: Excepion Traong |3
—
i ? ITM Stimulus Port
What IS Happenlng ' ‘m'-“-‘l“'— Port 24 23 Port 16 15 Port 7 Port
. . Enable: [0x7FFFFFFE I WWWWFFWFWIV vardraricd
1' YOu can sec tWO eXCCpthnS happenlng' Privilege: DHUDUUUUDS Port 31..24 v Port 23.16 [~ Part 15.8 [~ Part 7.0
= Entry: when the exception enters.
=  Exit: When it exits or returns. [ ok |[ concel |
= Return: When all the exceptions have returned
and is useful to detect tail-chaining.
. Trace Records x|
2' Num 1 1 18 Svcall from the RTX Calls. Type | val Murm | Address | Data | PC | Dl_l,ll Cycles | Time[s ;I
: : : Exception Entry 15 1163020638 1817219841
Num 15 is the Systick timer. Exception Exil 13 1163020352 181722023
Exception Retum a = 1163022877 1817223245
4. In my example you can see one data Exception Entry 15 116360638 18.18219841
. . Exception Exit 15 1163661343 1818220848
write from the Logic Analyzer. Exception Ratun 0 % 1IEIWEAE07 1818225732
ing is i Eromion by 11 e R
weeption Entry
Note everything is timestamped. Ercepun £ b | e el
. . weeption Return
The “X” in Ovf is an overflow and Data Wit 200000244 00000000H X 1163680402 18.18250625
13410 Exception Aetun 3 * 1163680402 1818250628
some data was lost. The “X” in Dly Exception Enlry 11 1163882581 1818263408 —
: Exception Exit b 1163688706 1818263603
means the tln’leStaInps are delayed Exception Retun a * 1163691952 1818268675
because too much information iS being Exception Retun X 0 ® 1163691952 18.18268675
. Exception Entry 158 1164300633 1813219541
fed out the SWO pin. Exception Exit 15 1164300958 18159220247
Exception Fetun 1] ks 1164302892 1819223269
TI P The SWO pln iS one pln on the COrteX-M4 Exception Entry 18 1164340633 1820219541 ;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 or the SWO pin. ULINKpro handles SWV data faster than the ULINK2. [SFm- -]
W
1. Select View/Trace/Exceptions or click on the Trace icon and select Trace Exceptions. |, moe
2. The next window opens up and more information about the exceptions is displayed as shown. Click on Num.
3. Note the number of times these
have happened. This is very 4 =
useﬁll information in case M / | Name Count Total Time | MinTimeIn | MaxTime... | Min Time Qut | Max Time Out | First Time [s] | Last Time [s]
. 1 Reset 0s -
interrupts come too fast or slow. 5 {rommaskabiert o B —
. . 3 HardFault [} 0s bz
4. Note the peripheral exceptions b e I 0
are listed by name. 5 [Busraut 0 05
Sm—=rTsageFault 0 T
11 SWCall 158 Os 5676458557 |90.12321731
. ou can clear this trace window W
. . . 1 Py
by clicking on the clear icon. T——e_
.. . . . 15 SysTick 3928 15.457 3.523 9.2533 8.527 8.532 56.70473158 |90.22558959
6. All this information is displayed oo b R = = =
in real-time and without 2L [T Bus Fautt |0 0s
Stealing CPU Cycles ' 22 INT Usage Fault |0 0s v|

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 Ssamples:

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.
4 Cl h E . T . d d Trace Records ﬂ
ose the Xceptlon race window an, Type [ ovi| Mum [ Addess | Data | FC [ oW Cycles | Tirnels] =
leave Trace Records open. Double-click to PL Sample MID4D015E 2H OESBIRT0T  1344.30997045
clear it P Sancle DMMSEA  comener 10
. ample .
PC Sample 004005E2H SE035BE7261 134431073345
: EPR . PC Sample 004005E2H SE035303645 134431093445
5. Click on RUN and this window opens: PC Sample 004005E2H BEO35920023  1344.31125045
PC Sample 004005E2H 035336413 134431150645
Most of the PC Samples are 0x0040 05E2 PC Sample (04005E2H 6035952797 1344.31176245
o . . — PC Sample 004005E2H SE03F3ESIS1 134431201945
which is a branch to itself in a loop forever PC Sample (04005E2H BEOISIASSES  1344.31227445
X PC Sample 004005E2H SE03G001943 134431253045
rout]ne. PC Sample 004005E2H 86036018333 134431278645
PC Sample 004005E2H BE036034FI7 134431304245
. PC Sample 004005E2H 86036051101 1344.31329845
7. Stop the program and the Disassembly FC Sample D04005E2H BEOGB0E7485 134431355445
window will show this Branch: o goms e e
1 th b i PC Sample 004005E2H 03611667 134431432245
PC Sample 004005E2H 036133021 134431457545
8. Notall the PC? will be captqred. Still, PC PC Sample 004005E2H BEE05  TIHINBUE o
Samples can give you some idea of where
your program is; especially if it
is caught in a tight loop like in this case. D
154: /* This function iz called when the user timer has expired. Parameter *
9. Note: yOu can get dlfferent PC ValueS igg /% tinfo' holds the valus, defined when the timer waspcrea\:ed. w
1 1 157: /* HERE: include optional user code to be executed on timeour. */
displayed here depending on the e e cinds op
optimization level set in pVision. 0RO0I00SES ETFE E 003D
. . 189 hd
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.
TIP: ULINKpro gives much more ! All executed instructions are captured and the Trace data window is much more
sophisticated. e s
Dy
116: /
117: = Task 4 'phaseD': Phase D output
118: !
115: _ rask void phaseD (void) {
QUXUUQUU'?CZ 2000 MovVE r0, #0x00
0x004007C4 4578 LDR ri, [pe, #4601 ; BOx00400345
0x004007C6 6008 STR r0, [rl, #0x00]
_EIXUUQUEWCE ETE7 B Ox00400794
4
=) Abstractt” [£] Blinky.c x RTX_Conf_cM.c | [ LED.c |
093 os_evt_wait_and (0x0001, Oxf£Lff); S* wait for an event flagx Jx0001 7
084 LED_On™ [LED_B} ; x|
095 phaseh = 1;
cignal func Type: [Of | Mum | Address | Dats | FC [ D [ Cycles | Time[s =
ggs LEg O;EftLED l;)tTI PC Sarnpls 004005 2H 86348301159 135856720561
0| phesed s 0i DR WiEn e s
= PE ol 004005 2H BE4BIA0N 135856797361
100 | b PL Sanpls D04005E2H BEIMGIEBEIS 135056022961
2El - P 2ol WiTEN il lmomran)
103L * Task 3 'p} F‘ES:rm"E\Z 004005E2H 86948415847 135856839761
104 | PC Sample 004005E2H 96948432221 1352 56925361
] ask voi asec | | PCSample 004005E2H 86948448615 135856950361
lggmfgnrk i) d{ ph < PC Samg\e 004005E2H 86948464939 135856976561
o PC Sample 004005E2H 06348481383 1358.57002161
e os_evt_walt_and | pr oo 004005E2H 6348497767 1358.57027761
108 LED On (LED C): PC Sarnpls 004005 2H 86348514151 1358 57053361
109 phasec = 1; PC Sample 004005E2H 86348530835 1358.57078361
signa. unc PC Sample 004005E2H 96948546919 135857104561
1‘1‘? LEgﬁo;Ef(LEpic(:)t?I PC ‘Samg\a 004005E 2H 86348563303 135857130161
112 rliooEE © ©8 PC Sample D04005E2H 86348579687 135857155761
113 ' PC Sample 004005E2H 86948596071 135857181361
PC Sample 00400F72H 8F348612455 1358 67206361 :I
114 | ¥
dih
116/ +
n7 * Task 4 'phasel': Phase D oulput
gl - )
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12) ITM (Instrumentation Trace Macrocell) printf without using a UART:

Recall that we showed how 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 (I1TM_Port8(0) == 0);
ITM_Port8(0) = count + 0x30;
while (I1TM_Port8(0) == 0);
ITM_Port8(0) = 0x0D;

while (1TM_Port8(0) == 0);
ITM_Port8(0) = OxO0A;

O X =2 0Nk

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

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

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

Click OK twice. e
Click on View/Serial Windows and select Debug (printf) Viewer and click on RUN. 3
10. In the Debug (printf) Viewer you will see the ASCII value of count appear. ===l ;
11. Right click on the Debug window and select Mixed Hex ASCII mode. Note the other settings. . _|Z|

Trace Records

1. Open the Trace Records if not already open. Double click in it

to clear it.

2. You will see a window such as the one below displaying both

ITM and Exception frames.
What Is This ?

Debug (printf) Viewer

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

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

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

4. Note the “X” in the Dly 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 to see only ITM writes.

5I
Type | vl | Muri | Address | Data | PC | Dy | Cycles | Timels i’
Exception Return 1] ® 2047810917 31.99704558
Exception Entry 15 2047873261 31.93801570
Exception Exit 15 2047873275 31.99001932
Exception Retum o " 2047874882 31.99504503
Exception Entry 15 2047937261 31.99901970
Exception Exit 15 2047937275 31.99901992
Exception Return 1] ® 2047938302 31.93304534
Exception Entry 15 2048001261 32.00001570
Exception Exit 15 2048001275 J2.00001932
Exception Retum o " 2048006167 32.00009636
ITM 0 34H 4 2048006167 32.00009636
ITM 0 ODH ® 2048006167 32.00009636
ITM 1] 04H ® 2048006167 32.00009636
Exception Entry 15 2048065261 32.00101570
Exception Exit 15 2048065275 J2.00101932
Exception Retum o " 2048066887 32.00104511
Exception Entry 15 2048129261 32.00201970
Exception Exit 15 2048129275 32.00201992
Exception Return 1] ® 2048130907 32.00204542
Exception Entry 15 2048133261 32.00301570 ;I

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 out ITM. It is found in core.CM3.h. To send

ITM data to your Windows application, see www.keil.com/appnotes/docs/apnt_240.asp.
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13) Trace Configuration Fields: For reference...for ULINK2/ME
TIP: ULINKpro is similar but with a few features (ETM) added. You can use these instructions for ULINKpro.
x|

Debug Trace |FIashDuwnIoad|

1 )Core Clock:]  0.038000 MHz 2) ¥ Trace Enable

3r)Tlace Port - Timestamp: |~ Trace Events
I?e:\-al Wire Dutput - UART/NRZ L] hb [V Enable Plescale::]m 'I [ CPI: Cycles per Instruction
WD Clock Prescaler l_' EEp [~ EXC: Exception overhead
[~ SLEEP: Sleep Cycles
[¥ Autodetect a) Prescaler; IW .
c [ LSU: Load Store Unit Cycles
SWO Clock [ 0038000 MHz  |y) = pajogic Ppeioc: [ Disabled> | | I~ FOLD: Folded Instrucions
Error: <SW Port not selected> [~ onData R/AW Sample [V EXCTRC: Exception Tracing

—ITM Stimulus Ports
3 Port 24 23 Port 16 15 Port 8 7 Port 0
Enable: |OxFFFFFFFF MvVVVVVIY VVIVIVIVIVIVIV WIVIVIVIVIVIVIV VIVIVIVIVIVIVIV

Privilege: |0x00000008 Port31.24 v Port23.16 ™ Pot15.8 ™ Port 7.0 I

oK I Cancel Help

Trace Configuration window Fields 1) through 5).

1) Core Clock: The CPU clock speed for SWV. SWO Clock signal is derived from and is a ratio of the Core Clock.
CPU frequency is set by the systemxxx.c file. It is either 56.2 or 96 MHz depending on the version of this file used.

2) Trace Enable: Enables SWV and ITM which is essentially everything on this window except Trace Port and ETM.
This does not affect the DAP Watch and Memory window display updates.
3) Trace Port: Selects the SWO trace output UART or Manchester protocol.
a. Serial Wire Output — UART/NRZ: This is set by default with ULINK2, ULINLK-ME and J-Link.
b. Serial Wire Output — Manchester: Use Manchester encoding. ULINKpro only. UART/NRZ encoding
is not supported by ULINKpro. An error will result when you enter debug mode with ULINKpro.

4) Timestamps: Enables timestamps and selects a Prescaler. 1 is the default. Selecting a higher value can, but not
always lessen SWO overloads. Completely disabling the timestamps can lessen data overruns but can disable other
SWYV features. It is worth a try if you are having overload problems.

5) PC Sampling: Samples the program counter and displays them in the Trace Records window.
a. Prescaler 1024*16 (the default) means every 16,384™ PC is displayed. The rest are lost.
b. Periodic: Enables PC Sampling.
c. Period: Automatically derived from Prescaler and Core Clock settings.
d

On Data R/W Sample: Displays the address of the instruction that made a data read or write of a variable
entered in the Logic Analyzer in the Trace Records window. This is not connected with PC Sampling.

Note: This window is slightly different for ULINKpro and J-link. The resulting trace windows are also different. Currently,
the program must be stopped to display the trace records with ULINKpro or J-link.

TIP: It is important to ensure the Serial Wire Output (SWO) pin is not overloaded. pVision will alert you when an overflow
occurs with a “X” in the Trace Records window or with a “D” or a “O” in the ULINKpro Instruction Trace window. pVision
easily recovers from these overflows and immediately continues displaying the next available trace frame. Dropped frames
are somewhat the normal situation especially with many data reads and/or writes.

TIP: ULINKpro can process SWV information much better than the ULINK2 or ULINK-ME can. This results in fewer
dropped frames especially with higher data transfer rates out the SWO pin. ULINKpro has the option of collecting
information from the 4 bit Trace Port instead of the 1 bit SWO pin. Data overruns are often associated with a fast stream of
data reads and writes which are set in the Logic Analyzer. Minimize these issues by displaying only the information you
really need.
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Cortex-M Target Driver Setup 5]

Debug Trace I Flash Download |

Core Clock: 0.098000 MHz [V Trace Enable
r— Trace Port — Timestamps———————————————————— race Events
I‘E-rznal Wwire Output - UART/NRZ _'_I [v Enable Plescalel:|18 'l ) [~ CPI: Cycles per Instruction
SWO Clock Prescaler |_1 Eee— ) [ EXC; Exception overhead
I i 2 ] - ) [~ SLEEP: Sleep Cycles
rescalr [1024°16 1 |G |51 Load Store Urik Cycles
SWO Clock:|  0.038000 MHz [~ Periodic Period: | <Disabled> (@) [~ FOLD: Folded Instructions
Error: <SW Port not selected> [~ onData R/AW Sample ﬁ) [V EXCTRC: Exception Tracing
-)ITM Stimulus Ports a) b)
3 Port 24 23 Port 16 15 Port 8 7 Port 0
Enable: IU"FFFFFFFF Viviviviviviviv viviviviviviviv vivIvIviviviviv VIvIvIVIVIvivIV
Privilege: Il]xEIIJDDD[l[lS Port 31.24 [V Port 23.16 [~ Port15.8 I~ Port 7.0 I

oK I Cancel Help

Trace Configuration window Fields 6) through 8)

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

Event Counters are updated using the DAP and not SWV. These events are memory mapped and can be read by
your program or the pVision Memory window.

7)

a.

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

Fold: Cumulative number of folded instructions. This will result from a predicted branch instruction
removed and flushed from the pipeline giving a zero cycle execution time.

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

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

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

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

ITM Stimulus Ports: Enables the thirty two 32 bit registers used to output data in a printf type statement to
puVision. Port 0 is used for the Debug (printf) Viewer and Port 31 is used for the Keil RTX real-time kernel
awareness window. Only Ports 0 and 31 are currently implemented in pVision and should normally be checked.
Ports 1 through 30 are not currently implemented and are Don’t Care.

a.

Port 31: Enables the ITM port used for the RTX Viewer.

b. Port0: Enables the ITM port used for the Debug (printf) Viewer. A small amount of instrumentation code

is needed in your project. See Debug (printf) Viewer: page 23 for information on using this feature.
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PART C): DSP Example using ARM CMSIS-DSP Libraries:

1) DSP SINE example:

ARM CMSIS-DSP libraries are offered for ARM Cortex-MO0, Cortex-M3 and Cortex-M4 processors. DSP libraries are
provided in MDK in C:\KeilARM\CMSIS. README.txt describes the location of various CMSIS components.
See www.arm.com/cmsis and forums.arm.com for more information.

You can use this example with other Kinetis boards. You might need to make some changes to the startup and system files.

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

This example incorporates the Keil RTOS RTX. RTX is available free with a BSD type license. Source code is provided.
To obtain this DSP example project, go to www.keil.com/appnotes/docs/apnt 239.asp

1. Extract DSP.zip to C:\Kei\ARM\Boards\Freescale\TWR-K60N512\ to create the folder \DSP.

1. Open the project file sine.uvproj with uVision. Connect a ULINK2 or ULINKpro to the K60 board.

2. Ifyou are using a ULINK2 or ME, select ULINK2 SWV from the target drop menu: |uunk2 swy -]

: : ; ULINKpro SWy/
If using a ULINKpro, select either ULINKpro SWV to send SWV data out the SWO pin or ULINK::E ETM Trace

ULINKpro ETM Trace to send it out the 4 bit Trace port. Either works with this example.

3. Compile the source files by clicking on the Rebuild icon.
LOAD
4. Program the K60 flash by clicking on the Load icon: ## Progress is indicated in bottom left corner.
5. Enter Debug mode by clicking on the Debug icon. @1 Select OK if the Evaluation Mode notice appears.
TIP: The default Core Clock: is 56.2 MHz for use by the Serial Wire Viewer configuration window in the Trace tab.

6. Click on the RUN icon. Open the Logic Analyzer window.

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

TIP: If one or two variables shows no waveform, disable the ITM Stimulus Port 31 in the Trace Config window. The SWO
pin is probably overloaded if you are using a ULINK2. ULINKpro handles SWV data faster than a ULINK2 or J-Link can.

8. This project provided has Serial Wire Viewer configured and the Logic Analyzer loaded with the four variables.
9. Select View/Watch

| Logic Analyzer

Wlndows and SeleCt W Min Time Max Time rid | Zoom | Min,Max ‘U date Screen‘ Transition ‘ Jump to I~ Signal Info r Amplitude
Watch 1. The four Save... 0s 69.1403s | 055 |[n \|O|.rt|| Al |||Mc| Undo] [ Sch [ Clear H|Pre\r||Na:dH|C0de||TlEce\ |- Show Cydes v Cursor
variables are ﬂn:m? \JA\//\ § /‘\ /‘1\ , /“*1\ : A : /‘ﬁ\
displayed updating 92788 577 : 5 : | i : ; : | : :
as shown below: 32767 : : : : : | i
. P L T T o o T L T T o T T L L T T o ) P T Y P\ it f\ P Y }'\ Pt )'\ P\
figured in this N B B R R
conlgure 32757 : . : : : .
roiect detbed DS LN fJ\f\ ,\/\'\ /\/\f\ r»f\f\
project. o an? Y N Y "\ﬂ/ "\/v/ ‘f\ﬂ/ v
10. Open the Trace 2767 = /h\ = /’“\ = ] . . . . ] . .
Records window and || ftered : : : : : i ; ; ; ; : : ;
: -32788 |75a03 ; i ; i : ; i ; i : i :
the Data Writes to G 711|:|—| 6521135 6321135
the four variables are |l |
displayed uSing @Disassemhly | ﬂ Logic Analyzer

Serial Wire Viewer. When you enter a variable in the LA, its data write is also displayed in the Trace window.

11. Open View/Serial Windows/Debug (printf) Viewer. printf data is displayed from printf statements in DirtyFilter.c
near lines 174 through 192 using ITM using SWV.

TIP: The ULINKpro trace display is different and the program
must currently be stopped to update it.

¥ noise
W disturbed

o W filtered

<Enter expressions

12. Leave the program running.

13. Close the Trace Records window.
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2) Signal Timings in Logic Analyzer (LA):

2)

1. Inthe LA window, select Signal Info, Show Cycles, Amplitude and Cursor.
2. Click on STOP in the Update Screen box. You could also stop the program but leave it running in this case.
3. Click somewhere in the LA to set a reference cursor line.
4. Note as you move the cursor various timing information is displayed as shown below:
Logic Analyzer
[Setup.. [ Load Min Time Mazx Time Grid Zoom Min/Max  |Update Screen| Transition | Jump to ¥ Signal Info [~ Amplitude
Save. ||| Ds [283.4403s | 05s |[In JOut|[Al] Undo] [ Start ][ Clear ||[Prev][Next] [Eode|[Trace] |~ Show Cycles ¥ Cursor
32767 i : i i L i ! : ! i : !
s i LN L PN N N N
S N T N N
S ; ; ; ; ' |[F7SH1S55E d: 16352 ; ; ;
32767 : : : : : :
AAAAAAAAAAARAY AAAAANAANASAAAAS
wml I%&ms a4
32767 : : : : : : : : : : : : :
AN EVA N IPVA o W AN IPVA NN IPVA NN YA NEIPYA oV
37768 V\/“j : v\/‘\/ ; \r\/\/1 disturbed L
i H i i i |@ Maouse Pos Reference Point Delta
32767 : : : : : Time: 278.9293 5 2787103 5 0.219033 5 = 4,565522 Hz
- : N A | vaiee 21016 4369 16647
! S S \_i/ PCS: /A /A "
32768 : : . |12i4676, a. 18981 : ' ' : '
276.0493 5 [2721278.5293s, d. 0219033 5] 283.5493 s
2 e l=1l
@Disassembly | 2] Logic Analyzer

RTX Tasks and System Awareness window:

10.
11.

12.

Click on Start in the Update Screen box to resume the collection of data.

Open Debug/OS Support and select RTX Tasks and System. A window similar to below opens up. You probably
have to click on its header and drag it into the middle of the screen.

This window does not change much: nearly all the processor time is spent in the idle daemon: it shows as Running.
The processor spends relatively little time in other tasks. You will see this illustrated clearly on the next page.

Set a breakpoint in each of the four tasks in DirtyFilter.c by clicking in the left margin on a grey area. Do select
while(1) as this will not stop the program.

Click on Run and the program will stop here and the Task window will be updated accordingly. In the screen
below, the program stopped in the noise _gen task:

Clearly you can see that noise_gen was running when the breakpoint was activated.

Each time you click on RUN, the next task
will display as Running.

Timer Number: 0

Property Value
- System

Remove all the breakpoints. You can use

Tick Timer: 10.000 mSec

Ctrl-B and select Kill All.

Round Robin Timeout:

Stack Size: 200

Tasks with User-provided Stack: 0

Stack Overflow Check: Yes

TIP: You can set hardware breakpoints while the
program is running.

[=)-Tasks

Task Usage:

Available: 7, Used: 5

User Timers:

Available: 0, Used: 0

- : : b Name Priarity State Delay Event Value Event Mask Stack Load
TIP: Recau this window uses the C01.re81ght DAP o L — ‘
read and write technology to update this window. 6 [ancsk Wait DY |1 336

Serial Wire Viewer is not used and is not required
to be activated for this window to display and be
updated.

filter_tsk

Wait_AND

0x0000

00001

32%

disturb_gen

‘Wait_AND

0x0000

0x0001

32%

noise_gen

00000

0x0001

[ w [ ;

sine_gen

MERRaE

Wait_AND

0x0000

0x0001

32%

The Event Viewer does use SWV and this is

demonstrated on the next page.
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3) RTX Event Viewer:

1. If you are using a ULINKQpro, skip this step: Stop the program. Click on Setup... in the Logic Analyzer. Select
Kill All to remove all variables and select Close. This is necessary because the SWO pin will likely be overloaded
when the Event Viewer is opened up. Inaccuracies might occur. You can also leave the LA loaded with the four
variables to see what the Event Viewer will look like. Or you can remove just one or two. Later, delete them to see
the effect on the Event Viewer.

2. Select Debug/Debug Settings. ;:: |0M;nmﬂ1m5§5 |5|:a:9;—ltl;;es | — @ | Sou || s | Usp::e S|§| E@ - Sﬁ;"'cydes'_ festn
Click on the Trace tab. )( )( )( >( )( )( )( >( )( )( )

. Al Tasks 255) i (@55 1(255) f(@55) !

4. Enable ITM Stimulus Port 31.

Event Viewer uses this to o) | | | | | | | | | | | |
collect its information. -

5. Click OK twice. wema || L L

6. Exitand re-enter Debugmode et gt | | | | §| . §| | §|
QR to refresh the Trace E—— | | | | | | | | | | | | §
Configuration. | : ! 5 : :

7. Click on RUN. LT (N T A T T I O

s OpenDebugOS Suportand 1w [
select Event Viewer. The o e — ‘ ; ; HE — ; ; ; ; R
window here opens up: ] 1

9. Note there is no Task 1 listed. Task 1 is main_tsk and is found in DirtyFilter.c near line 169. It runs some RTX
initialization code at the beginning and then deletes itself with os_tsk delete self(); found near line 195.

TIP: If Event Viewer is blank or erratic, or the LA variables are not displaying or blank: this is likely because the Serial
Wire Output pin is overloaded and dropping trace frames. Solutions are to delete some or all of the variables in the Logic
Analyzer to free up some SWO or Trace Port bandwidth. It depends on how much data is sent to the ports.

ULINKQpro is much better with SWO bandwidth issues. These have been able to display both the Event and LA windows.
ULINKpro uses the faster Manchester format than the slower UART mode that ST-Link, ULINK2 and J-Link uses.
ULINKQpro can also use the 4 bit Trace Port for even faster operation for SWV. Trace Port use is mandatory for ETM trace.

10. Note on the Y axis each of the 5 running tasks plus the idle daemon. Each bar is an active task and shows you what

task is running, when and for how long.

11. Click Stop in the Update Screen box.
12. Click on Zoom In so three or four tasks are displayed as shown below:
13. Select Cursor. Position the cursor over one set of bars and click once. A red line is set here:
14. Move your cursor to the right over the next set and total time and difference are displayed.
15. Note, since you enabled Show Cycles, the total cycles and difference is also shown.
The 10 msec shown is the SYSTle timer value. This load... || MinTime  MaxTime Gid | zoom Code | Trace | UpdateScreen | Transiton | e [ Taseinfo
value is set in RTX_Conf CM.c. The next page Save.. | preesme[285a007s [ “2me [ o] at] o | show | le_IMI W shoncrces
describes how to change this. - P ; X
= & (255} Idle (255)
TIP: ITM Port 31enables sending the Event (e 0551
Viewer frames out the SWO port. Disabling this can “’ |
save bandwidth on the SWO port if you are not ]
using the Event Viewer. This is normally a good |
idea if you are running RTX with a high SWO data £ | i
rate. E
Even if the Event Viewer is closed, the data is still : ; | ;
being sent out the SWO pin or the Trace Port. This 4 |
can still contribute to SWV overloading. P Lo
s BT 24952505
2396609017 Z92T17
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4) Event Viewer Timing:
Click on In under Zoom until one set of tasks is visible as shown below:
Enable Task Info (as well as Cursor and Show Cycles from the previous exercise).

Note one entire sequence is shown. This screen was taken with a ULINK2 with LA cleared of all variables.

-lkb-)l\):—‘

Click on a task to set the cursor and move it to its end. The time difference is noted. The Task Info box will appear.

TIP: If the Event Viewer does not display correctly, the display of the variables in the Logic Analyzer window might be
overloading the SWO pin. In this case, stop the program and delete all LA variables (Kill All) and click on Run.

The Event Viewer can give you a good idea if your RTOS is configured correctly and running in the right sequence.

Load... ” Min Time Max Time Grid Zoom Code Trace Update Screen Transition  Cursor W TaskInfo
e “7‘731286 ms[ 434865 | 0.ams  |[1n]out| Al shon | Show m Clear | Prev| Next] ¥ show Cyces
Al Tasks Idle (255} X\dle (d55)
fitter_tsk (2)
disturb_gen (3)
noise_gen (4)
sine_gen (5)
sync._tsk (5) : : : : : : sine_gen [5): Min Max Average Called
- : : : ; : ; (0X080002f1) 40.71429 us 0.105 ms 0.104571 ms 436
: : : : : ; : Time: Mouse Pos Reference Point Delta
Ide (255) _ g g g 4314675 5 4314561 s 0.114 ms = 8771 929825 Hz
4313325 4314561 5[4.314675 s, d: 0114 ms 43158258
o 30157473 30201925] [30202723, d: 798/ :mmmJ L
‘ v

Changing the SysTick Timer:

Stop the processor Q and exit debug mode. @

2. Open the file RTX Conf CM.c from the Project window. You can also select File/Open and select it in
C:\Kei\ARM\Boards\Freescale\TWR-K60N512\DSP.

1. Select the Configuration Wizard tab at the bottom of the window. This scripting language is shown in the Text
Editor as comments starting such as a </h> or <i>. See www.keil.com/support/docs/2735.htm for instructions.

3. This window opens up. Expand the SysTick Timer

Configuration as shown here: startup MKGONS12MID100.s ] RTX Cont cMc | il
4. Note the Timer tick value is 10,000 ps or 10 ms. Bpand Al | _Colapse A1 | Hlp | I ShowGid
Change this value to 20,000. st | value
---Task Configuration
TIP: The 56,200,000 is the CPU speed and is correct for this = SysTick Timer Configuration
DSP examp]e' : imer clock value [Hz] 56200000
: imer tick value [us] 10000
Rebuild the source files and program the Flash. [--System Configuration
Enter debug mode @ and click on RUN . SysTick Timer Configuration | _‘[ﬂ
[ 3

When you check the timing of the tasks in the Event

Configuration Wizard

Viewer window as you did on the previous page, they
will now be spaced at 20 msec.

TIP: The SysTick is a dedicated timer on Cortex-M processors that is used to switch tasks in an RTOS. It does this by
generating an Exception 15 periodically every 10 pus or to what you set it to. You can view these exceptions in the Trace
Records window by enabling EXCTRC in the Trace Configuration window. You can use SysTick for other purposes.

8. Set the SysTick timer back to 10,000. You will need to recompile the source files and reprogram the Flash.
9. Click on File/Save All.

10. Stop the processor and exit Debug mode to compile the source files.
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Part D) ETM Trace with ULINKpro:
Introduction:

The examples shown previously with the ULINK?2 will also work with the ULINKpro. There are two major differences:
1) The window containing the trace frames is now called Trace Data. More complete filtering is available.

2) The SWV (Serial Wire Viewer) data is sent out the 1 bit SWO pin with the ULINK2 using UART encoding. The
ULINKpro can send SWV data either out this same 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 and have no Trace
Port. The Trace Port is found on the 20 pin Cortex connector and is configured in the Trace configuration window.
ETM frames are always sent out the Trace Port and if this is the case, SWV data is also be sent out this port.

ULINKQpro offers:
1) Faster Flash programming than the ULINK?2.
2) All the Serial Wire Viewer features as the ULINK?2 provides.

3) Adds ETM Instruction Trace which provides a record of all executed instructions. Trace Data window has Trace
start and stop, filtering and ability to save records to a file.

4) Code Coverage: were all the assembly instructions 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 ULINKpro ETM Trace:
Configuring the Connection:

The ULINKpro was configured for SWV operation using the SWO pin and Manchester encoding on page 14. 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 and GPIO ports. This script is provided

as TracePort.ini and is found in C:\Kei\ARM\Boards\Freescale\TWR-K60N512\Blinky. This is an ASCII file. This file is
specific to Kinetis processors as their proprietary GPIO ports must be configured.

Entering the Initialization File:  Note: Blinky is pre-configured for ULINKpro. We need to modify it slightly.
1) Select Project/Open Project. Open the file C:\Kei\ARM\Boards\Freescale\TWR-K60NS5 12\Blinky\Blinky.uvproj.

-

2) Select “K60N512 Flash™: | KBON5312 - Flash
3) Click on the Target Options icon EAN or select “Project/Options for Target” or by pressing Alt+F7.
4) Click on the Debug tab. We will enter TracePort.ini in the Initialization file: box and shown below:

5) You can type it in or use the browse icon to select it from C:\Kei\ARM\Boards\Freescale\T WR-K60N512\Blinky\

6) If you click on the Edit icon, TracePort.ini will be J I options for Targ=t KG0Ms 12— Fashi £
opened with the other source files. You can then view | 2 Tose| e ans | ther |05 | hon | ke Botus | e
.. " Use Simulator Settings || # Use: |ULINK Pro Cortex Debugger | = Settings
and edit it. I~ Limit Speed to Real-Time
7) Leave this window open for the next page eloadtoricam o Soue B o rzr (R | - oo ioes i
: Initialization Fie elization Fie
8) Select File/Save All. | o e (Frecerorn [ e
Restore Debug Session Seftings | ug Session Settings
o . . W Breakpaints ¥ Toolbax ¥ Breakpoints W Toolbox
TIP: This ini file will be executed every time you enter Debug AT T e Pl
. .. . . . v Memory Displ v Memory Displ
mode. In the case of this file, a pVision RESET will run it again e T
because of the function OnResetExec. See CPUDLL  Poramster Diver DL Perameler
www.keil.com/support/man/docs/uvd/uv4_db_trace init.htm for  [SRHCHOL [HFy [sARMCMS.DLL [P
more information.
Dialog DLL: Parameter: Dialog DLL: Parameter:
TIP: If you are adapting this lab for other Kinetis boards, you [pewpu—fochs [rompL fecie
may have to configure uVision for operation with a ULINKpro.
. . oK Cancel Defaults Hely
See page 8 for directions. | | | :
The next page describes how to configure ETM.
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Configuring ETM Trace (and SWV):

1)
2)

3)
4)

5)
6)
7)

8)

9)

These instructions assume you are continuing from the previous page.

In the Target Options window left open from the previous page, click on Settings: beside the name of your adapter
(ULINK Pro Cortex Debugger) on the right side of the window.

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

Core Clock: ULINKpro calculates this from the Trace Port. pVision uses this to display timing values so it is still a
good idea to insert a valid clock speed. 56.2 for MDK 4.71a or 96 MHz for later versions.

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

Select Trace Enable and ETM Trace Enable. Unselect Periodic and EXCTRC and leave everything else at default as
shown below. Only ITM 31 and 0 need to be selected. The others are Don’t Care.

Click on OK twice to return to the main pVision menu. Both ETM and SWV are now configured through the 4 bit
Trace Port.

Select File/Save All.

Cortex-M Target Driver Setup ﬂ

Debug Trace I Flash Download I

Core Clock:l 56.200000 MHz ¥ Trace Enable [ UnlimitedTrace [ ETM Trace Enable
— Trace Port — Timestamps —————— [~ Trace Events
IS‘,'nc: Trace Port with 4bit Data j ¥ Enable Prescaler: |1 'I [ CPI: Cycles per Instruction
™ EXC: Exception overhead
CLK: ID.D ns j Do: ID.D ns j ~PC Sampling——————————————

[~ SLEEP: Sleep Cycles

D'I:||},D ns vl Prescaler: I‘ID24"IE "I ™ LSU: Load Store Unit Cycles
DZ:II}_D ns 'I [~ Periodic Period:l <Disabled> [~ FOLD: Folded Instructions

D3: ID.D ns 'I [ on Data R/W Sample [~ EXCTRC: Exception Tracing

—ITM Stimulus Ports

# Paort 24 23 Port 16 15 Port 2 7 Port 0
Enstle: [WFFFFFFFF WV VIVIVIZIY RVIVIP VIV MRV PV vee

Privilege: [x00000008 Port 31.24 [¥ Port 23.16 Port 15.8 Pot 7.0 [~

ok | Cancel | Help

TIP: We said previously that you must use SWD (also called SW) in order to use the Serial Wire Viewer. With the
ULINKpro and with the Trace Port selected, you can also select the JTAG port as well as the SWD port.

With ULINK2, ULINK-ME and Segger J-Link, you must select SW. There is a conflict using JTAG signal TDO and the
SWO signal.

ULINKpro can send the SWV signals out the 4 bit Trace Port which does not share pins with JTAG. It has its own dedicated
pins on the Kinetis processor.

Be aware these pins are usually multiplexed with GPIO pins or other peripherals. You should make appropriate allowances
for the use of these shared ports during debugging with ETM trace.

It is good engineering practice during system design to not use those pins shared with ETM for important purposes that will
preclude normal operation with ETM enabled.
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2) Blinky Example: ETM Frames starting at RESET and beyond:

The project in C:\Kei\ARM\Boards\Freescale\T WR-K60N512\Blinky has now been modified on the previous page to
provide ETM Trace and all the features it provides using a ULINKpro.

1. Compile the Blinky source files by clicking on the Rebuild icon. 3 . You can also use the Build icon beside it.
LOAD

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

Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode box appears.
DO NOT CLICK ON RUN YET !!! If you did, simply exit and re-enter Debug mode.

Open the Trace Data window by clicking on the small arrow beside the Trace icon as shown here:

V' | Trace Data
Trace Navigation
Trace Exceptions

Event Counters

AR S

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

7. Inthis case, Time 014 306 shows the last instruction to be executed. (BL.W). In the Register window the PC will

y
display the value of the next instruction to be executed (0x000 02C4 in my case). Click on Single Step once. &
- Display: Al - B R - in Al - @ ="
Time Address / Port Instruction / Data Src Code / Trigger Addr |
¥:0x000005D0 | MOV 18,%0x00 |
X:0x000005D4 | MOV rl1,#0x00
¥:0x000005D8 | BIC  rl,rL,#0x07
¥:0x000005DC | MOV 12,15
¥:0x000005DE | 5TM  rL2L{r6-rd,ri1}
X:0x000005E2 | 5TM  rL2L{r6-rd,ril}
X:0x000005E6 | 5TM  rL2L{r6-rd,ri1}
X:0x00000SEA | STM  rL2L{r6-r&,ri1}
X:0%000005EE | MOV sp,rl
0.000 013 879 5| X: 0x000005F0 | BX I
¥:0x00000260 | MOV rLr2
X:0x00000262 | BLW __rt_lib_init [0x00000254)
¥:0x00000254 | PUSH  {r0-r,Ir}
0.000 014 235 5| X: 000000256 | POP  {r0-r4,pc} -
0.000 014 306 s|X: 0x00000266 | BLW main (0x000002C4) =
The instruction MOV will display at 014 413: 0.000 014 306 5| X : 0x00000266 | BLW  main (0x000002C4]
. TRACE RUN
Scroll to the top of the Trace Data window to 0.000 014 413 5|X: 0:000002C4 | MOV 14, *OxFFFFFFFF intnum = -1;

the first frame. This is the first instruction
executed after the initial RESET sequence. In this case it is a LDR as shown below:

10. 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 027C + 1 = 0x027D (+1 says itis a
Thumb instruction). These first instructions after RESET are shown below: Note the source information that is
displayed: If you double-click on any line, this will be highlighted in both the Disassembly and source windows.

i Display:  All - = ) * in Al = _,‘Q = E]
Time Address / Port Instruction / Data Src Code /Trigger Addr |
TRACE RUM f’
X:0%0000027C | LDR  10,[pc,#36] : @0x000002A4 LDR RO, =Systemlnit
0.000 000 214 5| ¥ : 0x0000027E BLX D BLX RO

X2 000000410 MOVW D #F0xC520 WDOG-> UNLOCK = [uintlé_t)0xC520u;  /* Keyl %/
31 0x00000414 LDR  rl,[pc#380] ; @0x00000594
X:0%00000416 | STRH  r0,[rl,#0%0E]
31 0x00000415 MOVW  r0,#0xD925 WDOG-=UNLOCK = [uintlé_tj0xD928u; /* Key 2%/ ;I

TIP: If you unselect Run to main() in the Debug tab, no instructions will be executed when you enter Debug mode. The PC
will equal 0x027C. You can run or single-step from that point and this will be recorded in the Trace Data window.

ETM trace provides a powerful tool for finding nasty bugs not easily found any other way. See page 40 for problems
ETM and Serial Wire Viewer can help solve.
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3) Finding the Trace Frames you are looking for:

Capturing all the instructions executed is possible with ULINKpro but this might not be practical. It is not easy sorting
through millions and billions of trace frames or records looking for the ones you want. You can use Find, Trace Triggering,
Post Filtering or save everything to a file and search with a different application program such as a spreadsheet.

Trace Filters: [ |
In the Trace Data window you can select various types of frames to be displayed. Open the Display: ~ |E-coce e 2

box and you can see the various options available as shown here: These filters are post collection. ITM - All
Future enhancements to pVision will allow more precise filters to be selected. T oy Sl

- Event Counters
ITM - Exceptions
ITM - PC Samples
ITM - Data Read
ITh - Data Write

4

Find a Trace Record:
In the Find a Trace Record box enter bx as shown here:

H | bx [-] in a0 -
Note you can select properties where you want to search in the “in” box. All is shown in the screen above
Select the Find a Trace Record icon & and the Find Trace window screen o =
opens as shown here: Click on Find Next and each time it will step through Fd What: b =
the Trace records highlighting each occurrence of the instruction bx. In Column: 4 =l
Where: |Available Data j _I
Find Options ——————————————— Find Direction
™ Matrh whole word only " Up
[~ Match case & Down
Find Next I | Cancel I

Trace Triggering:

uVision has three trace triggers currently implemented:

TraceRun: Starts ETM trace collection when encountered.

TraceSuspend: Stops ETM trace collection when encountered. TraceRun has to have been encountered for this to have an
effect.

These two commands have no effect on SWV or ITM. TraceRUN starts the ETM trace and TraceSuspend stops it.
TraceHalt: Stops ETM trace, SWV and ITM. Can be resumed only with a STOP/RUN sequence. TraceStart will not

restart this.
Insert Tracepoint at '0x0000027E"... 4 TraceRun (ETM)
Enable/Disable Tracepoint TraceSuspend (ETM]
How |t WOI’kS: Inline Assembly... e

When you set a TraceRun point in assembly language point,

ULINKpro will start collecting trace records. When you set a TraceSuspend point, trace records collection will stop there.
EVERYTHING in between these two times will be collected. This includes all instructions through any branches, exceptions
and interrupts.
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4) Setting Some Trace Triggers:

1. With Blinky in Debug mode, click in the Blinky.c on curTicks = msTicks; near line 33. This will highlighted in the
Disassembly window. This window will open: Position so lines 33: through 35: are visible.
2. Right-click on 0x39E and select Insert Tracepoint
at 0x039E and select TraceRun. A cyan T will 33: curlicks = msTicks;
] TOox0000039E 4R04 LDR r2, [pc, #16]1 ; @0x000003B0 —
appear as shown: 0x00000320 6811 LDR ril, [r2,$0x00]
3. Right-click on 0x3AC and select Insert Tracepoint while ((msTicks - curTicks) < dlyTicks);
2 BFOO HCFE
at 0x03AC and select TraceSuspend. A cyan T 4202 DR 2, e, 8] : E0%00000350
will appear. 6812 LDR r2, [r2,$0x00]
ii 1L532 SUES r2,r2,rl
4. Clear the Trace Data window. ;;;; glgi Ezéégoosm
b X
5. RUN the program and after a few seconds STOP _I;I
. . . »
it. Examine the Trace Data window:
You can see where the trace started on wrpe [ T B E e D [ T2 d =
OX3A0 and StOpped on OX3AC Wlth the Time Address / Port Instruction / Data Src Code / Trigger Addr
¥ 0x000003A6 LDR  r2,[r2,#0:00] ;I
red arrows. ¥ : 0x000003A3 SUBS 212,11
¥ : 0x000003 A4 CMP 12,0
22,207 025819 5| X : 0x000003AC BCC  0x000003A4
TRACE RUN
X2 0x000003A0 LDR  rl,[r2,#0:x00] ——
X2 0:000003A2 MNOP while [[msTicks - curTicks) < dlyTicks];
¥ : 0x000003 A4 LDR  r2,[pc#3] ; @0x000003B0
¥ 0x000003A6 LDR  r2,[r2,#0:00]
X1 0x000003 A8 SUBS  r2r2r1
¥ : 0x000003 A4 CMP 12,0
22,420 424 253 5| ¥ : 0x000003AC BCC  0x000003A4

1

[

TIP: Sometimes, as in this case, the addresses the triggers are set to and the ones actually captured do not quite match.
You will need to move your trigger points a bit to try and compensate.

Trace Configuration Skid:

The trace triggers use the same CoreSight hardware as the Watchpoints. This means that it is possible a program counter skid

will happen. The program might not start or stop on the exact location you set the trigger to.

You might have to adjust the trigger point location to minimize this effect.
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5) Code Coverage:

1. Click on the RUN icon. = After a second or so stop the program with the STOP icon. °
2. Examine the Disassembly and Blinky.c windows. Scroll and notice different color blocks in the left margin:
3. 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 X

. . . 0x00000ABE 1FFF SUBS 7,7, %7 )
. 1. Green: this assembly instruction was executed. * LS T =l
. ) ) 0x00000ACO 4281 T cmp rl,x0
2. Gray: this assembly instruction was not executed. 0x00000KC2 D302 BCC 0x00000ACA
0xD0D00ACE 6842 LDR r2, [r0, $0x04]
3. Orange: a Branch is always not taken. Ox00000RCE 428R cHe r2,rl
0x00000ACE D201 BCS 0x00000ACE
. 0x00000ACH 2001 MCOVS ro, #¥0x01
4. Cyan: a Branch is always taken. 0x00000RCC 4770 BX ir
0x00000ACE F3EFE2210 MRS r2, PRIMLSE
5. Light Gray: there is no assembly instruction here. 0x00000AD2 FO120F01 TST r2, #0x01
0x00000ADE BET2 CESID I
. .. . . 0x00000RDE 6803 LDR r3, [r0, #0x00]
I 6. RED: Breakpoint is set here. (is actually a circle) 0%00000ADA €00 STR £3. [zl $0%00]
) ) 0xD0000ADC 6001 STR rl, [r0, #0x00]
<":| 7. Next instruction to be executed. 0X00000ADE D100 ENE 0%00000RE2
0x00000RAED Bea2 CESIE I
0x00000RAEZ 2000 MCOVS r0, #0x00
0x00000RE4 4770 EX 1r
rt_get_ first:
. . . 0x00000RAES 4601 MOV rl,x0
In the window on the right you can easily see examples of each type of P nIeet GhaD = 20, [z0, $0x04] =
Code Coverage block and if they were executed or not and if branches  |[{y =277 = 2ormn 2ot fnng D

4
Were taken (Or IlOt). @Disassembly EH Instruction Trace |
TIP: Code Coverage is visible in both the disassembly and source code windows. Click on a line in one and this place will
be 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 have not been 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.
The next page describes how you can save Code Coverage information to a file.

Code Coverage

‘ Module: I:AII Moduless j
Modules/Functions | Execution percentage I;l
ot _init_robin 100% of 7 instructions
Bl 1t_List
ot _dly 25% of 20instructions, 1 condjumpis) not fully executed J
~ot_dec_dhy 74% of 51 instructions, 3 condjumpis) not fully executed
-t _put_dhy 88% of 34 instructions, 2 condjumpis) not fully executed
ot _mw_list 0% of 22 instructions
~rt_put_rdy_first 100% of & instructions
~rt_get_first 0% of 20 instructions, 3 condjumpis) not fully executed
“rt_put_prio 88% of 27 instructions, 4 condjumpis) not fully executed
Bl 1t_System
~oot_sth_check 84% of 13 instructions, 2 condjumpis) not fully executed
ot _systick 100% of 17 instructions
“ it _pop_req 0% of 47 instructions -
@Disassemhly E Performance Analyzer | CS}E Code Coverage Q Instruction Trace |
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Saving Code Coverage information:

Code Coverage information is temporarily saved during a run and is displayed in various windows as already shown.

It is possible to save this information in an ASCII file for use in other programs.
TIP: To get help on Code Coverage, type Coverage in the Command window and press the F1 key.

You can Save Code Coverage in two formats:

1. Ina binary file that can be later loaded back into pVision. Use the command Coverage Save filename.

2. Inan ASCII file. You can either copy and paste from the Command window or use the log command:

1) log>ci\ccltest.txt  ; send CC data to this file. The specified directory must exist.

2) coverage asm ; you can also specify a module or function.
3) log off ; turn the log function off.
1) Here is a partial display using the command coverage. This displays and optionally saves everything.

\\Blinky\Blinky.c\SysTick_Handler - 100% (6 of 6 instructions executed)
\\Blinky\Blinky.c\main - 92% (89 of 96 instructions executed)
3 condjump(s) or IT-bcock(s) not fully executed
\\Blinky\Blinky.c\Delay - 100% (9 of 9 instructions executed)
\\BIinky\system_MK60N512MD100.c\Systemlnit - 100% (34 of 34 instructions executed)
2 condjump(s) or I1T-bcock(s) not fully executed
\\Bl inky\system_MK60N512MD100.c\SystemCoreClockUpdate - 31% (36 of 116 instructions executed)
5 condjump(s) or 1T-bcock(s) not fully executed
\\Blinky\startup_MK60N512MD100.s\__asm_0x27C - 47% (9 of 19 instructions executed)
\\Bl inky\startup_MK60N512MD100.s\Reset_Handler - 100% (4 of 4 instructions executed)
\\Blinky\startup_MK60N512MD100.s\NMI_Handler - 0% (0O of 1 instructions executed)
\\Bl inky\startup_MK60N512MD100.s\HardFault_Handler - 0% (0O of 1 instructions executed)
\\Bl inky\startup_MK60N512MD100.s\MemManage_Handler - 0% (O of 1 instructions executed)

2) The command coverage asm produces this listing (partial is shown):

\\Blinky\Blinky.c\SysTick_Handler - 100% (6 of 6 instructions executed)
EX | 0x000002B8 SysTick Handler:

EX | 0x000002B8 483D LDR ro, [pc,#244] ; @0x000003B0
EX | Ox000002BA 6800 LDR ro, [r0,#0x00]
EX | Ox000002BC 1C40 ADDS ro,ro,#1

\\Blinky\Blinky.c\main - 92% (89 of 96 instructions executed)
3 condjump(s) or IT-bcock(s) not fully executed
EX ] 0x000002C4 main:

EX | 0x000002C4 FO4F34FF MOV r4 ,#OXFFFFFFFF
EX | 0x000002C8 2501 MOVS r5,#0x01
EX | 0x000002CA FOOOF8CB BL.W SystemCoreClockUpdate (0x00000464)

The first column above describes the execution as follows:

NE Not Executed
FT  Branch is fully taken
NT Branch is not taken

Command ax |
AT  Branch is always taken. |
EX Instruction was executed (at least once) coverage \Blinky\main details
WABlinkyhBlinky.c\main - 92% (89 of 96 instructions executed)
3 condjump () or IT-kcock(s) not fully executed
3 : . taken: Ox00000ZE0 D300 BCC O0x000002E4
3) Shown here li _ankexample uSlng.l not taken: 0x000002F2 DAOT BGE 0x00000304
coverage \Blinky\main details fully taken: O0x00000364 D102 BNE 0%0000036C
. L taken: 0x0000036E DAOL BGE 0x00000374
If the log command is run, this will be e ) =
saved/appended to the specified file. Kl >
. . >coverage \Blinky'\main details
Yog can enter the cqmmand coverage with various | covgrace
options to see what is displayed.
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6) Performance Analysis (PA):
Performance Analysis tells you how much time was spent in each function. It is useful to optimize your code for speed.

Keil provides Performance Analysis with the pVision simulator or with ETM and the ULINKpro. 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.

1. Use the same setup as used with Code Coverage.

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

: o=
reruns it to main(). You can also click on the RESET icon = " and enter g,main in the Command window.

4. Do not click on RUN yet Expand some of the module names as shown below.

5. Times and number of calls has been collected in this short run from RESET to main().

Performance Analyzer o x
[Reset ]| show: [Modues =]
Module /Function Calls Time(Sec) Time() |
2060 |[14% H
1121 us CA |
0.525us FAN |
1 0.525us “ O
- SystemCoreClock Update ] lus %
= Blinky.c lus o
- GysTick_Handler i] Dus ool
- main 0 Qus Lo
- Diglay 0 Qus 0|

6. Click on the RUN icon.

7. 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 the Delay function.

Performance Analyzer o x

Show: IModuIes "I
Madule/Function Calls Time{Sec) Time(%) |
(=1 Blinky 12585s 100 I
Eb- Blinky.c 12585 |o0x
5 15212 2388 ms %o
1 15231 us %
&1 12.983= 100% R —_
Bl system_MKEON512MD100.c 2384 us 0% |
o Systemlnit 1 0.925us %
- SyetemCoreClock Update 1 1459 us %
[*- gtatup_MKBONS12MD100 5 1.121us %o
@lDisassemhl}-‘ E Performance Analyzer -::5: Code Coverage |
8. Select Functions from the pull down box as shown here and notice the difference. Im

9. Exit and re-enter Debug mode again and click on RUN. Note the different data set displayed.

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.

10. Click on the PA RESET icon. Watch as new data is displayed in the PA window.
11. When you are done, exit Debug mode.

TIP: The Performance Analyzer uses ETM to collect its raw data.
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7) 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 in real time while the program keeps running.
The pVision simulator also provides Execution Profiling.

1. Enter Debug mode.

Execution Profiling 4 Disabled
2. Select Debug/Execution Profiling/Show Time. v | Show Time
X Memary Map...
3. Click on RUN. o Show Calls
) ) Inline Assembly...
4. In the left margin of the disassembly and C source Function Editor (Open 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.

system_MKGON512MD100. ¢ r startup_MKGONS512MD100.5 /V Blinky.c r Abstract.bit ] v X
82 LED Configl(): -]
83
[> 84 Fl wnhile(1) {
85 /% Calculate 'num': 0,1,...,LED NUM-1,LED NUM-1,...,1,0,0,..
86 28.488 us num += dir;
87 62.171 us if (num == LED NUM) { dir = -1; num = LED NUM-1;
88 47.367 us else if fnum < 0) { dir = 1; num = 0;
89
80  138.790 us LED On (num);
o1 46.263 us Delay (250) ;
82  137.153 us LED Cff (num) ;
83 45.694 us Delay (250) ;
o4 Time: Calls: Average:
85 L 45,730 us 1289 * 0.035 us
95 ]

] of

<

Outlining:

Each place there is a small square with a

17313

sign é can be collapsed down to compress the associated source files together.

1) Click in the square near the while(1) loop near line 84 as shown here:

2) Note the section you blocked is now

collapsed and the times are added together system_MKSONS12MD100.c | [#] startup_MKSONS12MD100.s /4] Biinkye | ¥ X
where the red arrow points. 80 SysTick Config(SystemCoreClock/1000); |
. . 81
3) Click on the + to expand it. &2 LED Config():
. 83 G ———
4) Stop the program and exit Debug mode. Des 432,331 us while(l)
%6 )
a7
98
| _'l:|
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8)

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 it is not hard to use.

In-the-Weeds Example:

If a Bus Fault occurs in our example, the CPU will end up at 0x0286 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 Trace Data window at the bottom shows this branch forever. This is not very useful.

This exception vector is found in the file

startup MK60NS512MD100.s. If we set a breakpoint by
clicking on the Hard Fault handler and run the program: at the
next Bus Fault event the CPU will again jump to its handler.

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 the cause.

354:
355: MemManage Handler

ENDP

356:
357:

0x00000286 ETFE B
358: B
359: ENDP
360: BusFault_Handler\
361: PROC

4
[2h bisassembly | E= performance Analyzer | %F Cade Coverage

PROC
EXPORT MemManage Handler [WEAK]

HardFault_Handler (0x000002B86)
;Ij

Use the Blinky example from the previous exercise, enter Debug mode. @

Locate the Hard fault vector near address 0x0286 in the disassembly window or near line 353
startup. MK60N512MD100.s.

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

Run the Blinky example for a few seconds and click on STOP. Repeat until it stops in the Delay() function.

Clear the Trace data window by clicking on the Clear Trace icon: 5t This is to help clarify what is happening.

In the Disassembly window, scroll down to the end of the Delay function to the BX LR instruction near 0x03AE.

In the register window, double-click on R14 (LR) register and set it to zero. BX is a branch to the address contained
in a register, in this case LR. LR contains the return address from a subroutine. This is guaranteed to cause a hard
fault when the processor tries to execute an instruction at Ox 1 FFF 0468. (initial SP). This will cause a real problem.

Click on RUN and almost immediately the program will stop on the Hard Fault exception branch instruction.

10.

At the end of the Trace Data window you will find the remainder of the Delay function with the BX LR at the end.

The B instruction at the Hard Fault vector was not executed because ARM CoreSight hardware breakpoints do not

execute the instruction they are set to when they stop the program. They are no-skid breakpoints.

11.

Remove the breakpoint and
click on RUN and then STOP.

Display: Al

AERE

Trace Data a3 x

T in Al -

@ o 3

Time

Address / Port

Instruction / Data

Src Code / Trigger Addr

12. You will now see all the Hard

: 0x000002BE

LDR  rl,[pc#240] ; @0x00000360

=l

Fault branches as shown in the

: 0x000002C0

STR  10,[rL,#0%00]

30.676 844 591 5

: 0x000002C2

BX Ir

bottom screen:

: 0x000003AA

CMP 12,10

: 0x000003AC

BCC  0xD00003A4

This is admittedly a contrived example

LDR  r2,[pg#8] ; @0x000003E0

: 0x000003 A6

LDR  r2,[r2,#0400]

but it clearly shows how quickly and

: (00000348

SUBS r2r2rl

easily ETM trace can show you

: 0x000003 A4

CMP 12,10

program flow problems. ST

X
X
X
X
X
X1 0x000003A4
X
X
X
X2 0x000003AC
X

*BCC  0x000003A4

30676844 982 5

: 0x000003AE

BX Ir ——

} g

These types of problems are very hard

to solve and usually take a long time. " Display. Al = - in Al - B Jd | =
Time Address / Port Instruction / Data Src Code / Trigger Addr

TIP: Instead of setting a breakpoint on

: 0x00000236

B HardFault_Handler [0x00000286)

=]

the Hard Fault vector, you could also

: 0x00000236

HardFault_Handler [0x00000286)

right-click on it and select Insert

: 0x00000236

HardFault_Handler [0x00000286)

: 0x00000236

HardFault_Handler (0x000002886)

Tracepoint at line 353... and select

: 0x00000236

HardFault_Handler (000000286}

TraceHalt. When Hard Fault is reached

: 0x00000236

HardFault_Handler [0x00000286}

: 0x00000236

HardFault_Handler [0x00000286}

is reached, trace collection will halt but TR R

000000256

HardFault_Handler [0x00000286)

the program will keep executing the B

BEIEIEIEIEIEIEE

: 0x00000286

mm oo oo oo

HardFault_Handler [0x00000286)

mom oo oo o o o

instructions forever.

5
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9) Serial Wire and ETM Trace Summary:

We have several basic debug systems as implemented in Kinetis Cortex-M4 devices:

1.

2
3.
4.
5.

SWYV and ITM data output on the SWO pin located on the JTAG/SWD debug connector.

ITM is a printf type viewer. ASCII characters are displayed in the Debug printf Viewer in pVision.

Memory Reads and Writes in/out the JTAG/SWD ports. The Memory and Watch windows use this technology.
Breakpoints and Watchpoints are set/unset through the JTAG/SWD ports.

ETM provides a record of all instructions executed.

These are all completely controlled through puVision via a ULINK.

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

SWYV Trace adds significant power to debugging efforts. Problems which may take hours, days or even weeks in big projects
can often be found in a fraction of these times with a trace. Especially useful is where the bug occurs a long time before the
consequences are seen or where the state of the system disappears with a change in scope(s) or RTOS task switches.

Usually, these techniques allow finding bugs without stopping the program. These are the types of problems that can be
found with a quality trace: Some of these items need ETM trace.

1)
2)
3)
4)
5)
6)
7)

8)

Pointer problems.

[llegal instructions and data aborts (such as misaligned writes). How I did I get to this Fault vector ?
Code overwrites — writes to Flash, unexpected writes to peripheral registers (SFRs). How did | get here ?
A corrupted stack.

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.
This is probably the most important use of trace. Needs ETM to be most useful.

Communication protocol and timing issues. System timing problems.

Trace adds significant power to debugging efforts. Tells you where the program has been.
Weeks or months can be replaced by minutes.

Especially where the bug occurs a long time before any 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.

A recorded history of the program execution in the order it happened.

Trace can often find nasty problems very quickly.

Profile Analysis and Code Coverage is provided. Available only with ETM trace.

What kind of data can the Serial Wire Viewer display ?

AN o e

Global variables.

Static variables.

Structures.

Can see Peripheral registers — just read or write to them. The same is true for memory locations.
Can see executed instructions. SWV only samples them.

CPU counters. Folded instructions, extra cycles and interrupt overhead.

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

1.
2.
3.

Can’t see local variables. (just make them global or static).
Can’t see register operations. PC Samples records some of the instructions but not the data values.

SWYV can’t see DMA transfers. This is because by definition these transfers bypass the CPU. SWV and ETM can
only see CPU actions.
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10) Keil Products and contact information: See www.keil.com/freescale
Keil Microcontroller Development Kit (MDK-ARM™) for Kinetis processors:
* MDK-Lite™ (Evaluation version) 32K Code and Data Limit - $0
= MDK-Freescale™ For all Kinetis Cortex-M3/4, 1 year term license. RTX included. - $745
= NEW !l MDK-ARM-CM™ (for Cortex-M series processors only — unlimited code limit) - $3,200
» MDK-Standard™ (with included RTX RTOS with source code) - $4,895
= MDK-Professional (Includes Flash File, TCP/IP, CAN and USB driver libraries) $9,500
USB-JTAG adapter (for Flash programming too)
= ULINK2 - $395 (ULINK2 and ME - SWV only — no ETM)
= ULINK-ME — sold only with a board by Keil or OEM.
= ULINKpro - $1,250 — Cortex-Mx SWV & ETM trace

A Keil ULINK must be purchased or you can use the OS-JTAG on the Kinetis Tower board. For Serial Wire
Viewer (SWV), a ULINK?2, ULINK-ME or a J-Link is needed. For ETM support, a ULINKpro is needed.
OS-JTAG does not support either SWV or ETM 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.
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.

* No royalties are required and is very easy to use. It has a BSD license. /

= RTX source code is included with all versions of MDK. ‘ 5IKEIL

= Kernel Awareness visibility integral to pVision. l ‘ZKEI_!g DoVl Tas

MQX: See www.keil.com/freescale for a descriptive movie. 1| g
Gr:u ng Starte

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 e
local distributor.
l ___‘ e

For Linux, Android, bare metal (no OS) and other OS support on
Freescale i.MX and Vybrid series processors please see DS-5 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.intl@keil.com.

For comments or corrections please email bob.boys@arm.com.

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

For more information: www.arm.com/cmsis, http://community.arm.com/groups/tools/content and www.keil.com/forum
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