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Introduction:

This note describes the process of operating the ARM®™ Keil™ MDK toolkit featuring pVision™ and Microsemi’s (Actel”) new
SmartFusion2 (SF2) family which contains an embedded ARM®™ Cortex™-M3 processor. SmartFusion2 implements ARM
Serial Wire Viewer (SWV) and Embedded Trace Macrocell (ETM) CoreSight debug technology. This note describes how to
get all the components of this important technology working with pVision. This article needs MDK® 4.70 or later. You can
use a Microsemi SF2-DEV-KIT or an EmCraft® SF2-Starter-Kit-ES-2. You can also adapt it to your own target board.

A similar lab exists for the previous SmartFusionl (SF1) processor A2Fxx03: www.keil.com/appnotes/docs/apnt 208.asp

Keil pVision:

MDK-ARM™ toolkit components include the pVision4 IDE, ARM C/C++ compiler, debugger and Keil RTX™ RTOS.
Keil supports all 8051, ARM?7, Cortex-M1 and Cortex-M3 processors as used in various Microsemi (Actel) products.
The Keil ULINK® JTAG/SWD adapter family includes the ULINK2, ULINK-ME and the ULINKpro.

RTX now comes with a BSD type license. Source code is provided with all versions of MDK. See www.arm.com/cmsis.

Why Use Keil MDK ?
MDK provides these features particularly suited for Microsemi
MSS products:  www.keil.com/microsemi
1. wpVision IDE with Integrated Keil Debugger, eNVM
(Flash) programmer and the ARM compiler.

2. Support for Microsemi ARM7, Cortex-M1 and Cortex-
M3. Nothing more to buy. 8051 support with PK51 is a
separate product and it also uses pVision as its IDE.

3. A full feature RTOS is included with MDK: RTX by
Keil. No royalty payments are required.

4. RTX Kernel Awareness windows. They are updated in
real-time and use no system resources.

5. Serial Wire Viewer capability is included.
6. ETM trace is supported with a Keil ULINKpro.

7. Choice of debug adapters: ULINK2, ULINK-ME,
ULINKpro, Segger J-Link (black version) and CMSIS-DAP. Keil ULINKpro connected to DEV KIT ETM

8. Keil Technical Support is included for one year. This helps you get your project completed faster. It is easy to renew.

9. MDK is compatible with Microsemi development products. Microsemi Libero® can create pVision projects. pVision can
debug an executable ELF file generated with SoftConsole®. Normally, projects will be compiled using the ARM C/C++
compiler/assembler and debugged with uVision’s integrated debugger which includes SWV and ETM trace.

Serial Wire Viewer (SWV):

Serial Wire Viewer displays PC Samples, Exceptions (including interrupts), data writes, ITM, CPU counters and a timestamp.
SWYV (and ETM) does not steal any CPU cycles, is non-intrusive and requires no stubs in your source code. SWV will work
with a ULINK?2, ULINK-ME, ULINKpro or a Segger J-Link (black case, V 6 or later).

Embedded Trace Macrocell (ETM Instruction Trace):

ETM adds a record of all instructions executed for program flow debugging and analysis. Code Coverage, Performance
Analysis and Execution Profiling are provided with ETM. ETM requires a ULINKpro debug adapter and the Cortex ETM
debug connector as found on the SF2-DEV-KIT. An ETM demo is shown using the Keil Simulator and the SF2-DEV-KIT.
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This document details these features and more:
1. Serial Wire Viewer (SWV).
Real-time Read and/or Write to memory locations for Watch and Memory windows.
No-skid Hardware Breakpoints and Watchpoints (Access Breaks).
RTX RTOS operation using RTX Viewer: a kernel awareness program for the Keil RTOS — RTX.
A DSP example using the ARM DSP libraries. Uses the Serial Wire Viewer to display results.
ETM instruction trace. ETM is demonstrated using the Keil simulator and with a ULINKpro on the DEV KIT.

SN

1) CoreSight Definitions: It is useful to have a basic understanding of these terms:
e JTAG: Provides access to the CoreSight debugging module located on the Cortex processor. It uses 4 to 5 pins.
e SWD: Serial Wire Debug is a two pin alternative to JTAG and has about the same capabilities except for no

Boundary Scan. SWD is referenced as SW in the uVision Cortex-M Target Driver Setup. See page 6, second screen
in the Port: box. The SWJ box must be selected to be able to enable SWD.

e SWV: Serial Wire Viewer: A trace capability providing display of reads, writes, exceptions, PC Samples and printf.
SWYV must use SWD because of the TDIO and SWO conflict when JTAG is used.

e DAP: Debug Access Port. A component of the ARM CoreSight debugging module that is accessed via the JTAG or
SWD port. One of the features of the DAP are the memory read and write accesses which provide on-the-fly memory
accesses without the need for processor core intervention. pVision uses the DAP to update Memory, Watch and a
RTOS kernel awareness window in real-time while the processor is running. You can also modify variable values on
the fly. No CPU cycles are used, the program can be running and no code stubs are needed in your sources.

You do not need to configure or activate DAP. pVision does this automatically when you select the function.

e SWO: Serial Wire Output: SWV frames usually come out this one pin output. It shares the JTAG signal TDIO.

e ITM: Instruction Trace Macrocell: 32 32 bit registers that output data to the outside world using SWV. pVision uses
ITM 0 for a printf feature and ITM 31 for the RTX Event Viewer window. The others are not used.

e Trace Port: A 4 bit port (4 data and 1 clock) that ULINKpro uses to collect ETM frames and optionally SWV (rather
than with the SWO pin). These signals are available on the 20 pin ETM Header found on the DEV KIT.

e ETM: Embedded Trace Macrocell: Provides all the program counter values. Only ULINKpro provides ETM.

2) SmartFusion2 Development Boards:

This document details operation with either the 1) Microsemi SF2-DEV-KIT or the 2) EmCraft StarterKit SF2-Starter-Kit.
Both of these boards used to create this lab contain REV B of the M2S050 silicon.

The Microsemi board itself is REV B and EmCraft is Rev2A. Different versions of the board and /or silicon may need different
STAPL (.stp) files or instructions. Contact Keil or Microsemi technical support. Contact the author if you find an error.

All examples will run on either board but the EmCraft board does not have access to the ETM 4 bit trace port. Both boards
support Serial Wire Viewer.

3) STAPL File:

A STPL file must be programed into the SF2 eNVM in order to configure the PLL clock and other hardware aspects. This is
different from the SF1 which could run with no STPL file. An example .stp file is provided by Keil to run with the examples.

4) Obtaining the Keil MDK toolkit and special example files:

This tutorial requires MDK 4.70 or later. MDK 4.70 contains all necessary files except for the DSP and ETM examples and the
STAPL file described above. These are available here: www.keil.com/appnotes/docs/apnt_238.asp

MDK is downloaded here: www.keil.com/arm/demo/eval/arm.htm Install this into the default directory on your PC. No
license is required. You also need a ULINK?2, ULINK-ME, ULINKpro or a J-Link.

Keil Contact Information: www.keil.com  See the last page of this document for details.

USA: North and South America: Europe and Asia:
Keil, An ARM Company Keil, An ARM Company
Plano, Texas Grasbrunn, Germany
800-348-8051 (Toll Free) +49 89/456040-20
sales.us@keil.com support.us@keil.com sales.intl@keil.com support.intl@keil.com
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5) Microsemi SF2-DEV-KIT Rev B Debug Connection Issues:

1) This board has a R555 1KQ pulldown resistor on the nTRST pin 3 on the RVI Header J34 and FP4 Header J59. This causes
the SmartFusion JTAG TAP RESET to always be asserted. This causes: a) JTAG debug will not work (SWD functions

correctly) and b) the Serial Wire Viewer will not work. This is because the TAP controller outputs SWV on the SWO/TDO pin
and when in RESET, SWO is disabled. nTRST must be high to release the TAP controller out of RESET and release the SWO.

Solution: The fix is to remove this R555 1KQ resistor and move it to between pins 8 and 10 on FP4 Header J59.

This difficult to do because R555 is very small and it is located on the board bottom underneath the SmartFusion2 chip. It is
possible that Microsemi has modified your board. Measure the resistance on J34 to ground to check this.

If R555 is present, you can still do all of the examples except for Serial Wire Viewer and JTAG. Just use SWD.

A Faster Option: Pull nTRST high with a jumper from J34 RVI Header Pin 1 (3.3v) to pin 3 (nTRST) OR from pin 7 FP4
Header to pin 10 on ETM Header while using a Keil ULINK. nTRST is pulled up releasing the TAP controller from RESET.

2) On the ETM Header, nTRST is connected to pin 10. This is incorrect. This pin should be connected to nSRST. This is not

EmCraft Starter-Kit Debug Connection Issues:

1) This board also has a 1KQ pulldown resistor (R40) on nTRST with
similar results as above. This resistor is easier to remove. It is on the

bottom of the CPU board and is labeled R40 as shown here:

It is not recommended to pull n'TRST high with a jumper as this could :
damage a FlashPro4® programmer. It is best to remove resistor R40. It EEest-Ry R b o Tl *A 3
is easy to remove. Small pliers will work. Or pry it off with a fingernail. L gelw A ===\l
2) This board does not have the ETM header as in the DEV KIT to
provide ETM trace signals. Everything else will work correctly.

R A7

For more information on Connectors:
Go to www.arm.com and search for cortex_debug_connectors.pdf.

Debug Jumper Summary: Microsemi SF2 DEV KIT J93

Microsemi SF2-DEV-KIT:

JTAG SEL J93:
Keil ULINK (for debug): Position 2-3 as shown here:
For Microsemi FlashPro4: Position 1-2:

All other board jumpers are set to default.

EmCraft SF2 Starter-Kit JP2

EmCraft SF2 Starter-Kit:
JP2:

Keil ULINK (for debug): Position 1-2 as shown below:
For Microsemi FlashPro4: No jumper is fitted.

Note: JP2 3-4 is don’t care.

All other board jumpers are set to default.
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6) Connecting the hardware to a Keil ULINK:
We will examine two SmartFusion2 boards and will focus on the smaller one: the EmCraft SF2 StarterKit.
Microsemi SF2-DEV-KIT: The board used in this lab was a REV B and the SF2 processor was a REV B M2S050.

See Figure 1. The ULINK2 is connected to RVI Header J34. On page 1, a ULINKpro is connected to the 20 pin ETM
HEADER. Below is a ULINK-ME connected to P3. A ULINK-ME is only available with an OEM board.

This board has two debug connections: RVI HEADER (J34) and ETM HEADER. RVI HEADER is the standard legacy JTAG
connector. Any Keil ULINK can connect to this. A ULINKpro comes with an adapter to connect to RVI HEADER.

ETM HEADER has all the necessary JTAG signals plus the Trace Port. This is 4 bits data and one clock. All ULINKs can
connect using an appropriate cable, but only ULINKpro can use the Trace Port for instruction trace and optionally SWV.

Jumper JTAG SEL J93: Must be set to position 2-3 as shown on the previous page to activate JTAG or SWD for a debug
adapter such as a Keil ULINK2 or a ULINKpro.

Position 1-2 is used to activate Microsemi FlashPro4 programmer. All other jumpers are set to default.
See the preceding page for a photo of J93.

EmCraft SF2 Starter-Kit: The board used in this lab was a REV 2A and the SF2 processor was a REV B M2S050.
The CPU board is designated M2S-SOM and the baseboard SOM-BSB-EXT by EmCraft.
See Figure 2. A Keil ULINK?2 is attached to P3. The board is powered by connecting a USB cable to P1 as shown.

This board has only one 20 pin legacy JTAG connector P3: You must change one jumper to activate a debug adapter such as a
ULINK2 or to program the FPGA Flash with a FlashPro4. A FlashPro4 is connected to P5: the 10 pin connector.

JP2 must be set to position 1-2 for a debug adapter. This is shown in the photo on the preceding page. For a FlashPro4, remove
the jumper from JP2. JP2 3-4 is Don’t Care.

Revisions of M2S050:
REV B: ES
REV C: PP

Figure 1: Microsemi SF2 DEV KIT with ULINK2 Figure 2: EmCraft SF2 Starter-Kit with ULINK2
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7) Selecting SWD or JTAG:

You must use Single Wire Debug (SWD) mode to use Serial Wire Viewer. This is configured in pVision as shown below.
You must first have a ULINK connected to a Cortex-M3 target. It is useful to be able to test the JTAG or SWD connection.

If you do not want to use SWV or will use a ULINKpro with Trace Port selected: you can use JTAG.
1) Connect a ULINK2, ULINK-ME or ULINKpro to the hardware as described. Set the JTAG jumper. See page 4.
2) Power the board as appropriate.

3) Start uVision by clicking on its desktop icon. bl

4) Click on the Target Options icon EAN or select “Project/Options for Target” or pressing Alt+F7.
5) Click on the Debug tab. Here is where you select your debug adapter: | Linker Debug | Uities |
6) Select either ULINK2/ME or ULINKpro Cortex Debugger: & Use: [UULINKZ/ME Cortex Debugger x| Settings |

Linker Debug | Ltilities I

7 |ze: |ULINK Pro Cortex Debugger j Settings |

7) Click Settings to open the window below:

The box labeled SW Device (or labeled JTAG Device Chain if JTAG is selected)
will display the CoreSight devices detected in the processor or an error if none are
found.

8) Alternate between JTAG and SW in the Port: box and confirm correct operation. SW-DP or JTAG will be displayed.
Finally select SW as shown below for proper SWV operation. You can use SWD for all debugging operations.

TIP: If you are unable to select JTAG yet SWD (SW) works properly, the issue might be the 1KQ pulldown on the nTRST pin.
See page 4 for the solution.

The ULINK is now successfully been connected to the CoreSight SWD port. The Serial No: box shows the link between your

PC and the ULINK. x|
Urgent TIP: If you don’t see either SW-DP or Debug | Trace | Flash Dowrload |
JTAG-DP in thl'S window and get an error T ———
message or device not found — stop right now and et No:[vOsecSH =] SEOOE T Dovies Nams T Move
fix this. Thi ion must work befor n SWDIO iaht SV |

t. S S sectio : ust work before you ca UUNKVWMIW ® (x2BAD1477  ARM CoreSight SW-DP Up
continue any debugging. Make sure the N Do
- . EVICE Famiry: £x-|
jumpers are set correctly and the board is Fimre Verson: 20T

mware Yersion- 1% futomatic Dietectin |l CODE: l—

properly powered. Try re-powering the board.

] ) v SW Pon:m 7 e Corfiguration Deyvice Mame: l—
9) Click on OK twice to return. MaxClock: [5MHz =] pad | | Delete | | pdate | AP: [oa0 |

10) Run Blinky on the next page.

r Debug

Connect & Reset Options Cache Options Download Options
’7C<:nnect: | Nomal 7| Reset: |Autodetect 7| P? Cache Code—‘ P? Verfy Code Download

TIP: To refresh this window switch between
JTAG and SW in the Port: drop down menu.

¥ Reset after Connect ¥ Cache Memory | | ™ Download to Flash

[ ok || cenca | Help

TIP: If you select ULINK or ULINKpro, and have the opposite ULINK actually connected to your PC; the error message will
say “No ULINK device found”. This message actually means that pVision found the wrong Keil adapter connected, and not
that no ULINK was attached. Select the correct ULINK.

TIP: You can also use a Segger J-Link (black case). MDK completely supports this J-Link.

Super TIP: If you change the debug adapter here, you must also change it in the Utilities tab. This selects the eNVM flash

4

programming algorithm. This tab is visible when you open the Target Options window. EAN
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1) Blinky example program using Microsemi SmartFusion2:
Now we will run the Keil MDK development system using a SmartFusion2 DEV KIT or EmCraft evaluation board.

A STAPL file needs to be programmed into the SmartFusion2 processor. Instructions are on page 35. You can try the Blinky
example using the STAPL file that is probably loaded into your SF2 by the board manufacturer. It might work.

Connection: Connect your board with a suitable debug adapter and power it as described in the previous pages.
Compile, Load and Run the example Blinky program:

1.
2.
3.

8.
9.

Select Project/Open Project from the main menu.
Open the file C:\KeilARM\Boards\Microsemi\SF2-DEV-KIT\Blinky\M2S050T MSS CM3.uvmpw.

In the Project window, right click on M2S050T _MSS CM3 hw_platform and click Set as Active Project: This
project will take on a black highlight background as shown here: — 2 x

. C . g } == WorkSpace 42 -
Compile the source files by clicking on the Rebuild icon. . IR 250507 s s, . i | j
Ignore the one warning. Itis lnconsequentlal. =55 M25050T_MSS_CM3_app Set as Active Project

=125 Cartex-M3 Flash T ac I-

In the Project window, right click on M2S050T MSS CM3 app
and click Set as Active Project. It will take on a black background.

Compile the source files by clicking on the Rebuild icon.
LoAD

Program the SmartFusion2 eNVM flash by clicking on the Load icon: ¥# Progress is indicated in bottom left corner.

Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode notice appears.

Click on the RUN icon to start the Blinky program. .l Blinky is now running !

Leds DS2 and DS3 on EmCraft or LED1 through LEDS8 on the DEV KIT will blink if the FPGA is programmed to configure
the SF2 properly. If not, continue to step 11. Also see What if this does not work ? below.

Now you know how to compile a program, load it into the SmartFusion2 eNVM Flash and run it.

Confirm the program is running: Set a hardware breakpoint:

10.
11.

12.

13.

14.

15.
16.

17.
18.

Bring Blinky.c in focus by clicking on its tab. Ifit is not visible, double-click on it in the Project window.
Scroll down to near Line 68: Delay(200);

&7 LED On (idx);
[4> 68 Delay (200);
&9 LED Off (idx);

70 Delay (100} ;
71 }

Note on the left of the line numbers are darker grey blocks. This indicates there is assembly code present and you can
set a hardware breakpoint on these lines. You can also see these blocks in the Disassembly window.

While the program is still running, click to the left of the 68 and a red circle will be created. This is a hardware
breakpoint. SmartFusion2 has six you can use. pVision will warn you if you exceed this limit.

Note that the program will soon stop at line 68 or the one you set the breakpoint on. The yellow arrow is the current
program counter position. This will be the next instruction executed when the CPU is started again. The cyan arrow
is a placeholder you can use to explore the relationship between a source window and the Disassembly window.

If the program does not stop: go to What if this does not work ? below.
This is proof the program is running properly even if the LEDs do not blink.

Run the program again. . Stop the program with the STOP icon. @ Leave the breakpoint enabled.

Note this program spends most of its time in the Delay function.

What if this does not work ?

1.

See page 35 for FPGA fabric programming. An stp file needs to be programmed into the FPGA fabric. The EmCraft
board stp is available from www.emcraft.com and normally is pre-programmed with this file. The stp file for the SF2-
DEV-KIT is available at www.keil.com/appnotes/docs/apnt 238.asp. See page 35 for programming instructions.

See also the JTAG and SWD configuration test on the previous page. JTAG works only if R40 is removed. SWD
will work with this resistor installed.
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2) Call Stack + Locals Window:

Local Variables:

The Call Stack and Locals 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 in the main pVision window
when in Debug mode.

1.  We will use the breakpoint you set on the previous page near line 68 at Delay(500) in Blinky.c.

Run Blinky. The program will soon stop on this breakpoint.
Click on the Call Stack + Locals tab if necessary to open it.

Call Stack + Locals

2
3
4. Shown is the Call Stack + Locals window. ===
5

The contents of the local variables are displayed as well [T LorEifey e Type
as function names. = ‘¢ main 0xD00004E2 int f[)
e W i auto - int
6. In this example, three local variables idx, dir and L@ dir auto - int
btns are displayed in the window here with their values: " @ bins auto - unsigned int

=

7. Click on the Step icon or F11: % Make sure the
Blinky.c window is in focus else you will step in assembly.

8. The program enters the Delay function. The Call Stack + Locals window will now display this event as shown here:

it

9. Click on the Step icon & orrn multiple times until you re-enter the Delay function. Note along the way various
other functions are displayed.

TIP: If the Disassembly window is in focus the steps will be by assembly instruction. If a source window is in focus: the

steps will be by C or C++ source line.

Al
10. Click on the Step Out icon & or CTRL-F11 to exit all

Call Stack + Locals

function(s) to return to main(). This will be indicated in Location/Value | Type
the Call Stack window. 0x000004D0 void flunsigned int)
. 0000000 CE aram - unsigned int
11. When you are ready to continue, remove the hardware _ : - EIaneEe
. . . . : -~ W curTicks <notin scope= auto - unsigned int
breakpoint by clicking on its red circle ! You can also _ .
type Ctrl-B and select Kill All iy Steutas L
yP ’ e W i 000000000 auto - int
------ ¥ dir 0x00000001 auto - int
------ ¥ btns 000000000 auto - unsigned int

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

-;,-'_'| Call Stack + Locals | [Ei Memory 1 |

TIP: You can set and unset breakpoints on-the-fly. No need to stop the CPU. A CoreSight hardware breakpoint does not
execute the instruction it breaks on. These are rather important features.

TIP: This is standard “Stop and Go” debugging. ARM CoreSight debugging technology can do much better than this. You
can display global or static variables updated in real-time while the program is running. No additions or changes to your code
are required. Variable 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: normally in RAM.

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 are stored on the stack. This can be quite useful for finding program crashes. Using the
ETM trace with a ULINKpro in conjunction with the Call Stack provides much more debugging power.

Il Do not forget to remove the hardware breakpoint(s) before continuing.

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 by unchecking them.
You can permanently delete them by using one of the Kill buttons.
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3) Watch Window: Updated in Real-time !

We want to display a variable. The Watch and Memory windows can be displayed while the program is running. These must
be global, static, a physical address, a structure or array or anything that visible in all functions. Locals will not be displayed
until the program is stopped in the function they exist in.

Create a Global Variable:

Exit Debug mode @ . You can edit source code while in Debug mode but you must be in Edit mode to compile.

N =

In Blinky.c, declare a global variable near line 22: unsigned int count = 0;
3. Just after the C source line Delay(200) ; near line 68 add these lines:

count++;

it (count > OxOF) count = O;

4. Compile the source files by clicking on the Rebuild icon.

LOAD

5. Program the SmartFusion2 eNVM flash by clicking on the Load icon: ¥# Progress is indicated in bottom left corner.
6. Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode notice appears.

7. Click on the RUN icon to start the Blinky program. .

8. Select View and select Periodic Windows Update: ‘ Periodic Window Update

9. Right-click on the variable name count and select Add ‘count’ to... and then select Watch 1.
10. The value of count will be displayed and updated in real-time without stealing any CPU cycles as shown here:
11. The value of count displayed depends on when it is sampled.

TIP: To Drag ‘n Drop into a tab that is not active such as the Logic Mame

Analyzer, Watch or Memory windows, pick up the variable by blocking it,
click and hold, and move it over the tab you want to open; when the tab
opens, move your mouse into the window and release the variable.

- W count unsigned int

iz EMERr EXpressions

i Call Stack ...| B Debug [pr... Wateh1 | [E

4) Memory Window: it is also updated in Real-time:
Click on the Memory 1 tab to open it.

Memoaory 1

Enter count in the space Address: provided. The program can be running.

Right click anywhere inside the memory data display area and select Unsigned Long.

Note that as count increments, the address it points to changes. This is useful for work with pointers.

Add an ampersand (&) in front of count. i.e. &count The window below opens:

Note the memory address changes to 0x2000 0028 in this case.

This is the physical address in RAM where the variable count is stored.

Right-click on the data field (0xOA in this case) and select Modify Memory at 0x2...28 and enter 0x0 and press Enter.
This value is inserted into count in real time using CoreSight DAP technology.

How It Works: Read and Write to Memory Locations:

pVision has the ability to read and write memory locations on- Addrss: [icout III
. . . ress: |&cou ]

the-fly and without stealing CPU cycles by using the Debug L
Access Port (DAP). The Cortex-M3 is a Harvard architecture: 0x20000028: 0D0D0DODOR 0046CCOD 00000000 00000000
this means it has separate code and data address busses. While ~ |9%20900038: 00000000 00000000 00000000 00000000
the CPU is fetchine instructi ¢ full d from the cod 0x20000048: 00000000 00000000 00000000 00000000
€ 18 fetching nstructions a Speed lrom the code 0x20000058: 00000000 00000000 00000000 DOO0ODO0
space, uVision can access the data space via JTAG or SWD. 0x20000068: 0D0D0D00D0 00000000 40010000 000000OB
This feature is active even while the CPU is halted. SWV is not

used for this feature and can be disabled or not.

XN kWD

.‘;,.'_'|Call Stack + Lotals | E;iDeIJug (printf) Viewer | Watch 1 | i Memory 1

This feature is used to display data in the Watch and Memory windows, Event Counters as well as an RTX Awareness window.
Not only can values of memory locations be displayed and updated in real-time: you can also insert values while the program is
running in the Memory window as demonstrated above. The only instance real-time will be violated is in the unlikely event the
CPU accesses a memory location the exact same time as pVision does.

9 Copyright © 2013 ARM Ltd. All rights reserved
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1) Configuring the Serial Wire Viewer (SWV) Trace with ULINK2/ME:

In order to see the Serial Wire Viewer features, the Trace must first be configured.

Cortex-M Target Driver Setup

1) Stop the CPU D] and exit debug mode. @Q

2) Click on the Target Options icon EAN or select “Project/Options for Target”.

3) Click on the Debug tab.

4) Click Settings beside the USE: ULINK Cortex Debugger box. Confirm SWJ and SW are selected.
5) Click on the Trace tab to open this window:

6) Set Core Clock to 50, 100 or 166 MHz. —1 —

TIP: The Core Clock: value is set in the STAPL file. This
value has to be set correctly so SWV will work. ULINKpro

detects this value automatically. It uses the Core Clock:
value you enter for some timing values.

7) Select Trace Enable and EXCTRC.

8)
window will look similar to this:

Unselect Periodic and on Data R/W Sample. The

9)
10) The Serial Wire Viewer is now activated.
11) Click on File/Save All to save these settings.

Click on OK twice to return to the main screen.

v

Core Clock: | 166.000000 MHz [V Trace Enable
r Trace Port Ti Trace Events
Sesial Wire Output - UART/NRZ j ’Vp Enable F‘rescaler.|1 'I ™ CPI: Cycles per Instruction
SWO Clock Prescaler: | 120 PCSampirg F ?EEPBOCSTWHC::WH
eep es
¥ Autodstect - I
° Prescaler: 1024718 2| | | [ | 511 Load Store Lt Cycies
SWOClock:] 1169014 Mz | | = perogic Period: [ <Disabled> | I~ FOLD: Foldd Instnuctions
I~ on Data R/W Sample ¥ EXCTRC: Exception Tracing
~ITM Stimulus Ports
31 Pot 2423 Pot 1615 Pt 8 7 Pot 0
e NN o o 4 Al o e o ol A o tA Al A Araca o
Frivi\ege.IIkDDDDDDDS Port 31.24 W Port 23.16 ™ Port 15.8 [~ Pot 7.0 ™

12) Enter Debug mode debug mode @ and click on RUN .
TIP: ULINKpro and J-Link has a slightly different configuration window. If using a ULINKpro, do not select ETM now.
TIP: How to open this window again to modify trace selections:

1) In Edit mode: The Target Options icon as already described. ENS

2)

In Debug Mode: Select Debug/Debug Settings from the main menu.

TIP: You can only enable/disable trace in Edit mode. You can change the rest of the options while in either mode.

You select various SWV elements in the Trace Configuration window. It is important to note that it is easy to overload the
single pin Serial Wire Output (SWO). The general rule is to activate only those features you need.

ULINKpro processes SWV information faster than a ULINK2. It uses Manchester encoding on the SWO pin or the Trace Port.
The next page describes in detail the various fields of the Trace Configuration window.

2) Testing SWV:

Al e

update while the program is running.

Open the Trace Windows by selecting the small arrow beside its icon.
Select Trace Exceptions and repeat for Records as shown here:

Double-click anywhere inside the window to clear it.

v | Trace Exceptions
Event Counters

v | Records

The Trace Records window will display Exception 15 which is the SysTick timer.

The Exceptions window will display Exceptions. Click the NUM column to order the interrupts. Note both windows

x|
What if it doesn’t work ? Type [ ovi [ hum Address | Data | PC [oy[  Cydes [ Timels ﬁl
1. If you see either nothing or spurious frames Eromron £ s tiozre 0 00054504
such as ITM frames with numbers other than Exceon trty 5 rames e
0 or 31, or other frames that do not make o o 24310 000144765
sense, the Core Clock: value is probably =g e EpEes D 0020453
wrong. Try entering 100 MHz. You need to B B 5 Y i Do
know your CPU clock frequency. B 5 o Oopeee
2. IfnTRST is pulled down with a 1KQ resistor, %EEEE %r:m }E %E%Eg §§§§§ﬁ?
the SWO pin will not output any data even Ercepton by i canzze BBE%EZ%&
though you can control the processor with Exception Fetum 0 540288 0.00385715
SWD. See page 4 for information on fixing Eroepion " 0 A oo of
this problem.
10 Copyright © 2013 ARM Ltd. All rights reserved
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3) 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 | Flash Downlosd |

1) core Clock [ 0038000 MHz ~ 2) ¥ Trace Enable

3)1:um | [ Timestamps - (- Trace Events
[5eawie g UART AR ] B) P Enable  Prescaler[16 =] | | ™ CPE: Cycles per Inshuction
SWO Clock Prescaler [ 1 5)pcsamping ki e aedes
st < = I~ SLEEP: Sleep Cycles
R a}c’)m"“'lmz“ 16 1 | | I~ L50: Load Store Uri Cycles
SWO Clock | 0.038000 MHz ) I peiodic ' Perioc: [ <Dissbled> | | [~ FOLD: Folded Instructions
Ertor: <SW Poit not selected> ;d) I~ onData RAW Sample ¥ EXCTRC: Exception Tracing
~ITM Stimulus Ports
A Port 2423  Pot 1615  Port B Port 0
Enable: |0«FFFFFFFF 172 72 (72 (7 (72 (v (72 (o2 v v v v o e v oo v v v v ol v o) v o o o o7 )
Privilege: [0x00000008 Pat31.24 ¥ Pot23.16 Port 15.8 Port7.0 [~

[k ] cowe | 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.
Setting for EmCraft.stp is 166 MHz and the DEV-KIT .stp is 100 MHz. This frequency is determined by the .stp file.

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
SWV 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 and 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 faster 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 3(_]

Debug Trace |Flash Download |

Core Clock:|  0.098000 MHz ¥ Trace Enable
Trace Part Timestamps - 9 )Trace Events
[Siel Wite Ouipul - UART/NRZ =] | | I Enable  Prescaler[16 =] |@) ™ CP: Cycles per Instiuction
5w Clock Prescaler; [_1 PC Samping ﬂ) I_ Zaz Emep!m B
5 Aiodetact e [M‘T_l ) [~ SLEEP: Sleep Cycles
S ) I LSU: Load Store Urit Cycles
SWOClock:|  0.038000 MHz | | I pejodic Period [ <Disabled> | @) ™ FOLD: Folded Instructions
Error: <SW Port not selected> [~ onData RAW Sample ¥ EXCTRC: Exceplion Tracing
-)ITM Stimulus Port a) b)
ki Port 24 23 Port 16 15 Port Bl Port 0
EMIUEFFFFFFF MYV FvIvIVIVIVIVIY VIVIVIVIVIVIVIV WIVIVIVIVIVIVIV
Privilege: ID:{UDDDDDDB Port 31.24 v Port 23.16 [ Port15.8 ™ Port 7.0 [

[ ok |  cace | Hep |

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

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

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

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

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

7) ITM Stimulus Ports: Enables the thirty two 32 bit registers used to output data in a printf type statement to uVision.
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. Port31: 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 18 for information on using this feature.
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1) Logic Analyzer Window (LA): Updated in Real-time !

The Logic Analyzer (LA) displays up to four variables in a graphical format. When a variable is placed in the LA, it is also
displayed in the Trace Records window. The LA needs SWYV properly configured for its operation.

1. uVision must be in Debug mode. The program can be running or not. LR R =
2. Find the global variable count you created in Blinky.c. . :f:m”n::::;na‘yzer
3. Right-click on it and select Add ‘count’ to... and select Logic Analyzer. W Code Coverage

4. The LA will open up with count displayed.

TIP: You can also drag and drop the variable into the LA window or select Setup... and use the Insert icon =

Setup Logic Analyzer

5. Inthe LA, click on Setup... This window opens up: > x|
Select the Display Range max = 0x10 and Min = 0. Click on Close. |Curent Logic Analyzer Signais:
Click on RUN if the program is not already running. The LA window will
be updating as shown below:

8. Ifnecessary, click on Zoom: Out for an appropriate X axis. Try 0.5

d .
seconds or so ' - . o

9. Add &count to the Memory window if it is not already there.  Sqnl Display Diplay Range

10. In the Memory window: change the value of count to various values to Display Type: [analog | | Max 10
change LA values. Right click on the memory address you want to Coor: [N #] | o0
change and select Modify .... You will see the effect in the LA. it

 Display Formula (Signal & Mask) = Shift———

11. Select the four boxes on the right of the LA. AndMask:  [ocFerrrrF | SRRt o

12. Select Stop in Update Screen. This stops the LA but not your program. | Export / import
ThlS iS a Very useful feature_ Export Signal Definitions.. | Import Signal Definitions. .. |

13. Hover the mouse over the waveform. By clicking and setting the cursor, [ Deleecctsl Snde
you can determine the various timings of this program. A [ Cose | [t |

14. In my example, each step is 0.1891 seconds long. See the bottom screen:

The actual value depends on the board and STAPL file you are using, hence the CPU clock speed.

TIP: You can enter up to four variables in the LA window.

Watchpoints also use part of this CoreSight

debug technology. There are four
comparators that must be shared.

Set

Logic Analyzer

.
Save...

count

]

@lDisassemh\\; \ ﬂ Logic Analyzer

16

0

99.09871s

Min Time

Min Time Max Time Grid ‘ Zoom | Min/Mane ‘Updata Screen

Transition

Jump to

™ Signal Info [ Ampliude

23578095 [1058437s | 055 |[in J[Out][ Al [Auto | [Undo] | Stop [ Clear |

1025987 s

[Code |[Trace]

™ Show Cycles ™ Cursor

'106.0987 5
| e [l

Max Time Girid | Zoom

‘ Min. Max |Updaie Screen| Transition | Jump to

¥ Signal Info ¥ Amplitude

count

]

6.121644 ¢
10161925951

]

Os

12952145 | 05s |[In Ot Al

] [Aute ] [Undo] | Ston | Clear | [Frev][Next] | [Cocz |[Trece] | ¥ Show Cycles ¥ Cursor

Mouse Pos
B8.9581644 5
2

/A

Referen

8795518 5

)
MN/A

Delta
0.186126 5 = 5372691 H
1

ce Point

(87489816445, d: 01861265

1461450552551, d: 30856556

13121645
2178192951
| +I=1]

@Dlsassemh\}-‘ ‘ ﬂLogchnalyZer
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Logic Analyzer Notes:
1. The Logic Analyzer displays up to four variables in a graphical format.

2. SWV is used to obtain the data displayed. SWV must be configured and it comes out the Serial Wire Output pin. The
ULINKQpro has the option of sending this data out the 4 bit Trace Port and this is more efficient.

3. You will not be able to enter variables if the SWV Trace configuration is not enabled and configured properly. The
Core Clock needs to be accurately set except for the ULINKpro. It uses Core Clock: for timing display values.

Each variable will have its write operation displayed in the Trace Records window. (not with J-Link)

You must enter a variable name. Raw memory addresses are allowed. See the TIP: below.

You might have to fully qualify a variable. An example is \Blinky\AD dbg.

Number 1 reason you can’t enter a variable is the Trace not properly configured. Test SWV using PC Samples.
Number 2 reason is too many SWYV items are enabled and this overloads the SWO pin. It helps to use the Trace Port.

O 0Nk

You can drag and drop variables into the LA. Variables must be global, static or a structure.
10. The LA is updated at a fixed rate of approximately 500 msec.
TIP: Raw addresses can also be entered into the Logic Analyzer. An example is: *((unsigned long *)0x20000000)

2) Data Writes in the Trace Records for the variable count:

When a variable is entered into the Logic Analyzer, the associated data writes are displayed in the Trace Records window. This
is the method used to enter writes in the Trace Records window. Reads are not currently implemented in uVision.

1. Select Debug/Debug Settings and then the Trace tab. Unselect EXCTRC. Select on Data R/W Sample.
Click on OK twice to return to the main menu.

Click on RUN.

Open the Trace Records window with View/Trace/Records or the pull-down menu: ==

v | Trace Exceptions

Event Counters

v | Records

The window below opens up. Data Writes to variable count (at 0x2000 0028 in this case) are displayed.
If Trace Records is already open and full of SysTick frames, double-click anywhere inside it to clear it.
Note the data values are incrementing. Double-click in the Trace Records window to clear it.

. Click on RUN.

The ULINKpro will display a different window and you must stop the program to see the writes.

® N LA W

TIP:

TIP: Double-clicking on a line in the ULINKpro Trace Data window will highlight this instruction in the Disassembly and
Source windows.

x|
Explanation:
p s [Ovi[ Num | Addess | Data | PC_ [Dy| Cydes [  Tmel]l |.=l
1* Line: Data Write to count Data Wiite 20000028H  O0ODODDOAH  0000OS82H 47310040356 288.01229130
Data Wiite 20000028H  OODODDOBH  0000OS82H 47340040354  288.19301418
address 0x2000_0028 the data value Data Wiite 20000028H  0ODODDOCH  0000OSS2H 47870040370 288.37373717
0x0A by the instruction located at Data Wiite 20000028H  00ODODODH 00000582 47900040360  288.55446000
) Data Wite 20000028H  OODODDOEH  0000OS82H 47930040368 288.73518294
0x0000_0582. Data Wit 70000028H  OODOODOFH  0DDO0582H 47960040372  288.91590586
The PC col dded wh Data Witte 20000028H  0ODODDTOM  000OOS82H 47950040368 289.09662872
€ column was aaded when Data Wiite 20000028H 00000DO0H DODDOSSEH X 47990050186  289.09668787
you selected on Data R/W sample in Data Witte 20000023H  0ODODOOIH 00000582 48020040362 289.27735158
. . Data Witte 20000023H  0000DDO2H 00000582 43050040372 289.45807453
the Trace Configuration. It is Data Wite 20000028H 00D00DO3H 00000582H 43080040356 22963879733
optional. Data Witte 20000023H  0ODODDO4H  0000OSE2H 43110040356  289.81952022
Data Witte 20000023H  00DODDOSH  0OOOOSS2H 43140040372 290.00024320
With the ULINKpro Data Trace Data Wite 20000028H  0ODODDOSH  0OOOOSS2H 43170040364  290.18096605
. o Data Wite 20000028H  00DODDO7H  0OOOOSS2H 48200040372 290.36168899
window, double-clicking on a data Data Wite 20000028H 00DOODOSH 00000582H 43230040354  290.54241177
write will take vou to that Data Wiite 20000028H  00DODDOSH  0OOOOSS2H 48260040372 290.72313477
. 1 take you * Data Wiite 20000028H  O0ODODDOAH  00000S82H 49290040365  290.90385763
instruction in the Disassembly and Data Wiite 20000028H  OODODDOBH  0000OS82H 49320040356 291.08458046
source windows Data Wiite 20000028H  0ODODDOCH  0000OSS2H 48350040364 29126530340 |

The time these events occurred is timed by both CPU cycles and in seconds (Time(s)).
The X in the DLY column indicates the timestamp is delayed from its true value because of overflow.
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3) Watchpoints: (also known as Access Points)
This is an excellent opportunity to show how the Watchpoints work in Keil pVision.

Watchpoints are also known as Access Breaks and are indicated by an (A in the Breakpoints window shown below. They are
set in the Breakpoints Window. Watchpoints can be thought of as conditional breakpoints when compared to an Execution
breakpoint. Execution breakpoints stop the CPU when a specified instruction is fetched (but not executed). Watchpoints stop
the CPU when a specified data access occurs and any specified expression becomes true. There might be some Program
Counter skid. This is normal. Watchpoints are useful for locating read and write operations you do not expect.

SmartFusion2 has 4 Watchpoints. Watchpoints must be configured in Debug mode and with the CPU halted. They are shared
with the Logic Analyzer.

TIP: You can configure one Watchpoint if only one or two variables are listed in the LA. If you have three or four variables in
the LA you are not able to configure a Watchpoint. This is a CoreSight Cortex-M3 limitation.

How to set a Watchpoint:

Stop the program Q and remain in Debug mode.

Open the Breakpoint window through View/Breakpoints or Ctrl-B. The Breakpoints window below opens up empty.
Watchpoints are created in the bottom half and are then defined and listed in the top half.

In the Expression: box: enter count == OxF

Click both Read and Write (for simplicity).

Click on Define and the Watchpoint moves to the upper half as shown below in this composite screen: Click on Close.

NS hR YD

This window says the program will be halted if the value of 0xOF is written to or read once from the variable count.
(Count = 1) The other entries are the default settings.

TIP: Note: The count: box is not our variable count. They are quite different.

8. Set count to less than 0xOF in the Watch window X
otherwise it will break immediately. e

9. The Trace Records window must be open. Double-click
on it to clear it.

10. Click on RUN and wait for the program to stop.

11. Scroll to the bottom of the Trace Records window and the [4] | ol
data write (0xOF) is displayed as shown below: This is the Aocess
Trace Data from a ULINKpro but the ULINK2/ME Trace Expression: [count - B¢fl ¥ Read [V Wite
Records is similar. Count: [T = iizer I e

12. Delete (kill) this Watchpoint when you are done otherwise ™= | r 3 ¥ Objects

it will interfere with your other examples.

Defire | KilSeected | kAl | Cose | Hep |

 Display: Al - = B -~ in All -
Time Address / Port Instruction / Data Src Code / Trigger Addr
0.688 377 406 5| W : 0x20000023 000000004 X1 0wD0000532 :I
0.575 877 394 s | W : 020000023 000000005 X1 0wD0000532
1.063 377 356 5| W : 0x20000028 000000006 ¥ 0wD0000532
1.250 877 294 5| W : Ox20000028 000000007 ¥ 0wD0000532
1.438 377 344 5| W : 0x20000023 000000008 ¥ 0wD0000532
1.625 877 344 s|W : 0x20000028 0x00000002 X1 00000005532
1.813 377 319 5| W : 0x20000023 000000004 X1 02000005582
2.000 877 350 5| W : Ox20000028 000000008 X1 0wD0000532
2,188 377 344 5| W : 020000028 0x0000000C X1 0wD0000532
2,375 877 381 s|W : On20000028 0:0000000D X1 0wD0000532
2,563 377 381 5| W: 0x20000028 . -onbooblels, X1 0wD0000532
2,750 877 356 5| W : Ox20000028 D:eﬂCICIOCICIGF__) X1 0wD0000532 =
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4) Exception Tracing:
Serial Wire Viewer displays exceptions and interrupts in real-time without stealing any CPU cycles or needing instrumentation
code. Note that ARM interrupts are a subset of exceptions.

The Keil examples often have the SysTick timer running. We will use this exception as an example.

1.
2.
3.
4.

Assume Blinky.c is loaded and pVision is in debug mode. The processor can be running or stopped.

Open the Trace Configuration window by clicking on Debug/Debug Settings. Select the Trace tab.

Enable EXCTRC: Unselect Periodic and on R/W Sampling. Click on OK twice to return.
Click on RUN to start the program.

Exceptions Trace Window:

5.
6.

Open the Exception Trace window and ensure the Trace Records window is still open.

v

V' | Trace Exceptions

Event Counters

Records

The Trace Exceptions window will display the SysTick timer as shown below. Click the Clear icon: ¢

Scroll up and down and you can see the listing of all potential exceptions available in the NVIC. ExtIRQ are

peripheral exceptions. Consult your device datasheet to determine what they are.

=2 =B

N / | Name Count Total Time Min Time In Max Time In Min Time Out | Max Time Qut | First Time [5] Last Time [s]

2 NonMaskable 0 0s -
3 HardFault 0 0s —|
4 MemoryManagem... |0 0s

5 BusFault 0 0s

[ UsageFault 0 0s

11 SViCall 0 0s

12 DebugMaonitor 0 0s

14 PendSV 0 0s

15 SysTick 89266 20.399 ms 277.108 ns 802,530 us 801952 us 602,307 us 817978036 49 90686899

16 EdIRQ 0 0 0s

17 BEdIRQ 1 0 0s

18 ExtIRQ 2 0 0s j

Trace Records Window:

1.

A ULINK2 Trace Records window opens up and displays the Exception 15 which is the SysTick timer.

2. Right click on the Trace Records window and filter out Exceptions frames. Only Data writes are now left

3.

Double-click inside this window to clear it.

x|

; ; . Type |ovf [ Num [ Address | Data | FC [Dy|  Cydes | Timels] [~
Explanation of Exception frames: Exception Entry 15 11065040249 66.656B6857 :I
. . : Exception Exit 15 11065040295  66.656B6925
Entry: when the exception enters. Exception Retum 0 11065040311 66.656B6934
. . . Exception Entry 15 11065140238 6665747132
= Exit: When it exits or returns. Exception Ext 15 11065140285  66.65747160
. Exception Retum 0 11065140301 6665747169
= Return: When all the exceptions Exception Entry 15 11065240251  B6.65807380
h d includi Exception Exit 15 11065240257  66.65807408
ave returned including any Exception Retum 0 11065240313 66.65B07417
_ T_chaing Exception Entry 15 11065340241 6665867615
Cortex-M3 tail-chaining. Exception Exit 15 11065340287 66.65867643
Exception Retum 03 G6.
Exception Entry 15 11065440253  66.65927863
Exception Exit 15 11065440299 66.65927891
g Exception Retum 0 11065440315 66.65927901
Trace Records with ULINK2 or Exception Entry 15 11065540243 66.65988098
_ . Exception Exit 15 11065540289  66.65988126
a ULINK-ME: Exception Retum 0 11065540305  66.65988136
Exception Entry 15 11065640244  66.66042340
. . Exception Exit 15 11065640290 E6.66048367 | |
4. Shown is the Trace Data window
using a ULINKpro. Trace Data ”
Currently, you must =500y = * in AN -l a2 9 =
StOp the p.rogr.arn to Time Address / Port Instruction / Data Src Code / Trigger Addr
update this window. 2.936 501 569 5 Exception Exit - SysTick =]
5. Select ﬁlter OptiOIlS 2936 501 669 5 Exception Return :
. h D l . 293712635 5 Exception Entry - SysTick
1n the Display: 2937 126 644 5 Exception Exit - SysTick
menu. 2937126744 5 Exception Return
2937751294 ¢ Exception Entry - SysTick
Trace Records 2937 751 581 5 Exception Exit - SysTick
with ULINKp ro 2937751681 5 Exception Return j
16 Copyright © 2013 ARM Ltd. All rights reserved

Keil pVvision and Microsemi SmartFusion2 www.keil.com/microsemi




5) PC Samples Tracing:

uVision can display a sampling of the program counter values in the Trace Records window. PC Samples is enabled in the
Trace Configuration window. This window is opened with View/Trace/Records or this drop down menu here:

V' | Trace Exceptions

1. Open the Trace Configuration window by clicking on Debug/Debug Settings. Select the Trace tab.

Event Counters

V| Records

2. Enable PC Samples by checking Periodic in the PC Sampling area.

3. Enable EXCTRC:

4. Click on OK twice to return.

5. Click on RUN to start the program.

6. Open the Trace Records window. PC Samples will be displayed as shown below.
ULINK2 Trace Records Window:

The memory values displayed in the PC column gives you an indication where the program is spending its time. Note in this
window we have PC Samples, Exception 15 (SysTick) and the data write from the global variable count. Note the data write
causes a time delay (“x” in Dly column). This is an enormous amount of information to send out the one pin SWO pin.
Probably, this is too much. It is always a good idea to display only that data you really need or corrupt data might result.

x
Type | ovf [ Wum | Address | Data | PC [oy [  ooes | Timelsy | .=l
PC Sample 00000452H 6572208445 £5.72288445 __|
PC Sample 00000456H 6572304829 £5.72304829
FC Sample 00000456H 6572321213 £5.72321213
PC Sample 00000456H 6572337597 £5.72337597
PC Sample 00000456H 6572353981 £5.72352981
Exception Ertry 15 6572359790 £5.72359730
Exception Exit 15 6572359824 £5.72359924
Exception Retum 0 £572359240 £5.72359340
Data Wiite 2000001CH  O0OODODDH X 6572363542 £5.72363542
PC Sample 00000452H 6572370365 £5.72370365
PC Sample 00000456H 6572306749 £5.72386749
PC Sample 00000456H 6572403133 £5.72403133
PC Sample 00000456H 6572419517 £5.72419517
PC Sample 00000456H 6572435901 £5.72435901
PC Sample 00000456H 6572452285 £5.72452285
Exception Ertry 15 6572459303 £5.72459303
Exception Exit 15 6572459837 £5.72459337
Exception Retum 0 6572459853 £5.72459353
PC Sample 000004524 6572468669 £5.72463669

0000D452H

PC Samples from the ULINK2 or ULINK-ME

TIP: If you want to see a record of all the instructions executed: a ULINKpro does this using ETM trace.

ULINKQpro Instruction Trace Window: The ULINKpro provides the Instruction Trace window shown below. The program
was stopped, as you can see, just after the printf statement was entered. Note disassembled instructions are shown and if
available, source code will also be displayed. If you double-click on a PC Sample you will be taken to that instruction in the
Disassembly and/or source window. The ULINKpro can process SWV data very quickly and therefore is much less susceptible
to data overruns. This was taken on the SF2-DEV-KIT. The EmCraft board does not support ETM trace or the Trace Port.

* Display: Al = - in Al -3 3 =
Time Address / Port Instruction / Data Src Code / Trigger Addr

¥ 000000618 AMD  rd,r2 =001 gpio_setting |= (value & 0x01u} <« gpio_idx; ;I
¥ : 00000061 C LSL 4, rd,r3
¥ 1 000000620 CORR  rlrdrl

1,250 159 637 5| X : 0x00000624 LDR i, [pc#296] ; @0x00000750 GPIO-> GPIO_OUT = gpio_setting;
X1 000000628 STR r1,[rd,#0x83]

1,250 159 813 5| X : 000000624 POP  {rd,po H

1,250 159 913 5| X 000000490 POP  {rd,po H
X:
¥ 1 0x000004E2 CMP 4 #0:08

1,250 159 938 s | X : 0x000004E4 *ELT  0x00000494

1,250 160 037 s | X : 0x000004B6 POP  {rd-r5,pc H

1,250 160 063 5| X : 0x00000560 ADE. r,{pc+4 ; @0x000005CC printf ((Hello World\n\r); j

Instruction Trace window (ETM) from ULINKpro.
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6) Debug (printf) Viewer:

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

Viewer for display. You write ASCII values to ITM Port 0.
1. Stop the program and exit debug mode if necessary.

2. Add this code to Blinky.c. A good place is right after the place where you declared count variable: (the following

code is a pointer to ITM Port 0)

#define 1TM_Port8(n) (*((volatile unsigned char *)(0xE0000000+4*n)))

3. Near line 71 enter these three lines: Just after the line count++; that you entered is a good place.
ITM_Port8(0) = count + 0x30;
whille (ITM_Port8(0) == 0);
ITM_Port8(0) = Ox0A;
while (ITM_Port8(0) == 0);
ITM_Port8(0) = 0Ox0D;
Rebuild the source files, program the eNVM Flash memory and enter Debug mode.

Open Debug/Debug Settings and select the Trace tab. Confirm ITM Port 0 is selected. Unselect Periodic, EXCTRC
and on Data R/W Sample to save SWO bandwidth. Core Clock: is determined by the STAPL file. Try 50, 100 or 166

MHz until you get valid SWV frames in the Trace Records window. Click OK twice.

ﬂ
Desbug Trace I Fash Download I
Core Clods:l 100.000000 MHz ¥ Trace Enable
r Trace Port Ti Trace Everts
Serial Wire Output - UART/NRZ j ’7 ¥ Enable Prescaler: | 1 'l [~ CPI: Cycles per Instruction
SWO Clock Prescaler: [ 00 PC Sempling——————————— e
@it [ SLEEP: Sleep Cycles
o - vl
ez e | ] I~ L5U: Load Store Unt Cycles
Sip@rzE| EIINTEE I~ Periodic Period: | <Disabled> | | |~ FOLD: Folded Instructions
™ on Data R/W Sample ™ EXCTRC: Exception Tracing
rITM Stimulus Ports
31 Port 2473 Port 16 15 Port 8 7 Part 0
Enable: |(cFFFFFFFF ivivivivivivly Wiviviriviviviv [vivivivivivivly ivivieieiviviv
Privilege: IDxDDDDDDDE Port 31.24 [ Port 23.16 [ Pot15.8 [ Pot 7.0 [~
[ ok || cancel | Help

SWV Trace Configuration for printf
Click on View/Serial Windows and select Debug (printf) Viewer.
Make sure View/Periodic Update is enabled or the window will only update when you stop the program.
Click on RUN.

© % N o

add more ASCII characters and CR and LF to create your own messages.

Trace Records >
These writes to ITM 0 will also be displayed in the Trace Records window. g
ITM Conclusion *
The writes to ITM Stimulus Port 0 are intrusive and are usually one cycle. It takes zero ;
additional CPU cycles to get the data displayed in the Debug (printf) Viewer window. "

In the Debug (printf) Viewer you will see the value of count appear every few seconds as shown here: You could

Debug (printf) Viewer X
Y

TIP: ITM_SendChar is a Keil supplied function you can use to send characters to the Debug Viewer.
It is found in the header core_ CM3.h in the directory C:\KeilNARM\CMSIS\Include.

TIP: retarget.c contains routines to write a printf “Hello World” to J198, the RS232 connector on the DEV KIT. To get
this to work on the EmCraft board USB port P1, define MICROSEMI STDIO THRU MMUARTO. This is easily entered

in Target Options: open the C/C++ tab and place the line in the Define box. It might be at 191,232 baud.
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1) Running the RTX_Blinky example:

Now we will run the Keil MDK development system using either the DEV KIT or EmCraft board. RTX_ Blinky is a stepper
motor controller example. The program is developed using RTX to control four tasks to output the motor signals.

A STAPL file needs to be programmed into the SmartFusion2 processor. Usually one is already programmed by default.
Compile, Load and Run the example Blinky program:
1. Select Project/Open Project from the main menu.
2. Open the project: C:\KeilARM\Boards\Microsemi\SF2-DEV-KIT\RTX Blinky\M2S050T MSS CM3.uvmpw.
3. In the Project window, right click on M2S050T MSS CM3 hw_platform and click Set as Active Project: This
project will take on a black highlight background as shown here: == 2 x

4. Compile the source files by clicking on the Rebuild icon. :rr_Mss_u::r«l3_h-,-..- grneraum * j
Ignore the one warning. It is inconsequential. [-£3 M25050T_MSS_CM3_app Set as Active Project !
. . . . F-550 Cortex-M3 Flash T i
5. In the Project window, right click on M2S050T MSS CM3 app
and click Set as Active Project. It will take on a black background.

6. Compile the source files by clicking on the Rebuild icon.
LoAD
7. Program the SmartFusion2 eNVM flash by clicking on the Load icon: ¥# Progress is indicated in bottom left corner.

8. Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode notice appears.

9. Click on the RUN icon to start the RTX Blinky program. . RTX_Blinky is now running !

10. Leds DS2 and DS3 on the EmCraft board or LED1 through LED8 on the DEV KIT will blink indicating the four
motor phases if the SF2 FPGA fabric is programmed to configure the SF2 properly.

If the Leds do not blink: Confirming RTX_Blinky is running:
Blinky.c contains four tasks, phasea through phased, that turn on and off various leds on the development boards.
1. Set a breakpoint in one of these tasks.
2. The program will soon stop at this point if it is running correctly as shown in Blinky.c and Disassembly windows.

3. Set another breakpoint in a different task and click on RUN.

4. Asyou click on RUN, the program will stop at each task in turn.

5. This confirms RTX Blinky is running properly. If the Leds do not blink: the STAPL file is probably the wrong one.
6. When you are done, remember to remove the breakpoints.

RTX Notes:

RTX is a full feature RTOS. It now has a BSD type license and source code is provided with Keil or at www.arm.com/cmsis.

Developers 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 by the RTOS. pVision’s RTX Viewer is a kernel awareness feature with live update. It is a two
window system. They respectively use the Serial Wire Viewer ITM Stimulus Port and the DAP (Debug Access Port). If
uVision detects RTX running, the configuration of the RTX windows is automatic. You need only to select them for viewing.
See the next page.

RTX Viewer windows are available only while in Debug mode by selecting Debug/OS Support. RTX is easy to configure.

Configuring pVision to activate RTX Kernel Awareness:

The RTX Viewer system has two components: the RTX Tasks and System window which uses the DAP for access and the
Event Viewer which uses SWV (Serial Wire Viewer) through the ITM Stimulus Port # 31. The table below outlines the
mandatory configuration items.

uVision configuration items needed for RTX Viewer:

Window\setting RTX Running | Periodic Update | SWD | SWV | ITM
RTX Tasks & System Yes Yes Yes No No
Event Viewer Yes No Yes Yes | #31
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2) RTX Kernel Awareness windows RTX Viewers:
RTX Tasks and System Window:

1.

AN S

Remove any breakpoints you may have set (Ctrl-B Kill All) and run the program.

Run the RTX_Blinky program by clicking on RUN.

Select View and ensure Update Periodic Window is highlighted. | Y| Periodic Window Update |
Select Debug/OS Support and choose RTX Tasks and System.
The window below will open up and various elements will change. You can drag it into the middle of your screen.

If the RTX Tasks and System window is updated only when you stop the program: check View/Update Periodic
Window. This setting will not affect the Event Viewer.

Note the tasks are listed. No task, other than the idle daemon, ever shows as running or waiting. This is because the
program spends nearly all of its time in idle. Set a breakpoint in one of the 4 tasks and it will be display as running.

Delete all the breakpoints you set. Ctrl-B and Kill All. Click on RUN.

Property Value
[=]-System
Timer Number: a
Tick Timer: 10.000 mSec
Round Robin Timeout: 50,000 mSec
Stack Size: 120
Tasks with User-provided Stack: 1]
Stack Overflow Check: Yes
Task Usage: Available: 6, Used: 5
User Timers: Available: 0, Used: 0
[=-Tasks Priority Delay Event Value Event Mask Stack Load
os_idle_demon i}
6 clock 1
5 phaseD 1
4 phaseC 1
3 phaseB 1
2 phased 1

RTX Viewer: The RTX Tasks and System window.

Event Viewer Window:

1.
2.

Select Debug/OS Support and choose Event Viewer.

The window below opens up and it is probably blank. This is because the SWV must be configured. We will do this
on the next page. If you see data as shown below, then SWV is working and you can see each task running.

Load... | Min Time Max Time  Grid | Zoom Update Screen ‘ Jump to

| Transition
Save..| [0.38054ms [34.500% s [ L5 |[in |[out][AT] [CStop |[Clear ] [Code[[Trace]
. B 17 . I T . v

[™ Taskinfo I cursor
[Prev][Next]

™ Show Cydes

Al Tasks >

it (1) i ; ; § i i § 5 5

phasch 2 T O R O O O

N TR N R A AN Y

e | UL | i
T T O O U A N N O

o JHOORIIETNR I b

phaseD (5) | | |

Idle: {255)

23070485 2907048 5 3507048
Al Ls [l
Event Viewer | RTX Tasks and System |

RTX Viewer: The Event Viewer window.
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3) Configuring the Serial Wire Viewer (SWV) Trace:
TIP: The Trace Configuration must be configured for each Target Options. It is not set globally in pVision.

1. Stop the program Q and exit Debug mode. @

3) Click on the Target Options icon EAN or ALT-F7.
4) Click on the Debug tab.
5) Click Settings beside the USE: ULINK Cortex Debugger box. Confirm SWJ and SW are selected.

6) Click on the Trace tab to open this Window: ==——p =
Tr
7) Set Core Clock to 100 MHz. (or 166 on EmCraft). o [
You might have to try various clock settings if you Core Gack: [ 700000000 MHz ¥ Tracs Enable
are unsure of the value to use. - Trace Por i Trace Events
X . . Serial Wire Output - UART/NRZ | (IF Enable  Prescaler[1 = I~ CPI: Cycles per Instruction
TIP: The Core Clock: value is set in the STAPL file. This o o ™ EXC Excepton overhead
. - e ampling ——————————
value has to be set correctly in order for SWV to work. ¥ Aodetect Proscaer [102¢-16 =] ; stEELS‘;? CYT; o
. . El jore Lini =
ULINKQpro detects this value automatically. It uses Core WO Clock: [ T250000 MHe | | [~ pepoie e [ <Dmableds | | [ FOLD. Fokded hstuctions
Clock: value you enter for some timing values. ~ e | SERE Erein Tee g
8) Select Trace Enable. i 3| Pot 2423 Pot 1615 Pot 8 7 Pt 0
. . Enable W MHVFVIvVY MVFvIvivv [VivivIvIvivIviv BV
9) Unselect PCI‘IOdIC, EXCTRC and on Data R/W Privilege: [::00000008 u Port 31.24 [ Pot23.16 [ Pot 15.8 Pot7.0 [~
Sample. ITM bit 31 must be enabled as shown here:
10) Click on OK twice to return to the main screen. =

11) The Serial Wire Viewer is now configured.
12) Click on File/Save All to save these settings.

13) Enter Debug mode @ and click on RUN .

14) The Event Viewer should now work. Adjust the range by clicking on All and IN or Out.

15) If it isn’t running: change the Core Clock: in the Trace Configuration window setting to 50, 100 or 166 MHz.
16) Stop the data collection by selecting Stop under Update Screen. The Blinky program keeps running.

17) Click on one of the tasks to create a red line as shown below. Click on In under Zoom to expand on this point.
18) Select the three boxes on the right of this window. Hover your mouse over the window and see the data provided:
19) In this case, the clock task ran for 8.85 ps. The value you get will depend on the CPU speed set by the stp file.
20) Stop the program. Close both RTX awareness windows and leave debug mode.

TIP: It is possible to configure RTX (in the file RTX Config CM.c and in your sources) to match your timing needs. The
Event Viewer will help you understand how the tasks are switched to ensure they are doing what you intend. As you have seen,
the Event Viewer is very easy to enable and use.

Load... | Min Time Max Time  Grid | Zoom |Updabe5creen ‘ Jump to

Save... |\0.38894ms \I?.580393I5 10u I!\ In ||ouF|\ Al |!| S‘Iart I C\elar |“Codle [race]

Transition
[Prev][Next]

¥ Taskinfo ¥ cursor
v Show Cydes

AlTasks | Idie (255) )(ph%seam)(@haseata} ie i lde@m
: : ; 1 1 : /\lohase [[de D5RE B

() A
phazeh (2) : : : : - :
phaseB (3) E : : | | -

phaseC (4)
phaseD {5}
clock (6)
Idig - - - -

clock [B): Min Max Average Called

(0x00000611) 814 us 86572125 25623406 s 32 ! !

45.000423 s, d: 8.85u

Time: Mouse Pos Reference Point Delta 500042274, d: 885

| 5.000423 s 5.000414 5 885 us = 112994 350277 Hz >| 2”

Event Viewer | RTX Tasks and System
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4) 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 SmartFusion2. 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 Task 1 through Task 4 in Blinky.c as

shown below: phasea=1; and phasea=0; :the first two lines are shown
added at lines 051 and 054 (just after LED_On and LED_Off function
calls). For each of the four tasks, add the corresponding variable
assignment statements phasea, phaseb, phasec and phased.

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

global or static variables to connect to the Logic Analyzer.

TIP: The Logic Analyzer can display static and global variables, structures and
arrays. It can’t see locals: just make them static or global. To see peripheral
registers merely write to them and enter them into the Logic Analyzer.

£ LuAD

5. Rebuild the project. == Program the Flash ##.

6. Enter debug mode @ Click RUN.
Enter the Variables into the Logic Analyzer:

7. Right-click on phasea and select Add ‘phasea to ... and select Logic
Analyzer. This will open the LA window if necessary.
8. Repeat for phaseb, phasec and phased. These variables will be

listed on the left side of the LA window as shown. Now we have to
adjust the scaling.

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

10. Click on Close to go back to the LA window.

Blinky.c r startup_m2swoocs r RT

17 OS5 TID t_phaseD;

18 ©5 TID t_clock;

13

20 un=signed int phasea
21 un=signed int phaseb
22 un=igned int phasec
23 un=signed int phased
24

25 #define LED A o
26 #define LED BE 1

ne

ne e e

]

Blinky.c | f] startup_m2soos | [£] RTX_Conf

44
45
46
47
48
49
50
21
52
53
o4
)
11

T‘ = Ta=sk 1 '"phaseld': Pha:s
E_task woid phased (woid) {
-l for (::) i
LED On (LED &);
phasea=l; €f€¥————
signal_func (t_phaseB);
LED Off (LED &)
phazea=0; o —————

11. Add each variable in turn to Watch 1. Note the Watch 1 starts to display these four variables and update them.

12. Using the OUT and In buttons set the range to 1 second or so. You will see the following waveforms appear:

13. Click Stop under Update Screen. Click to mark a place as shown below. Select Signal Info and Cursor. Hover over
one of the waveforms and get timing and other information as shown in the inserted box labeled phased:

14. Stop the program Q and leave Debug mode. @

Logic Analyzer
Min Time Max Time Giid Foom Min/Max | Update Screen| Transition Jump to ¥ Signal Info W Amplitude
Save. ||[D30159ms | 6700045 | 2s | In |[Out] Al'] [Auto]|[Undo]|| Start | Clear ||[Prev][Nesxt]| [ Code]|Trece| | W Show Cycles W Curser
phasea . I | . : . | | : . I . : |
! ' 1 | :|_|_|D d. 11 | ! ! ' ! ! '
phaseb : : : ' : ! : ' : ' : : :
: I ] : [ ||1 d. 0] [ L : : : : :
! G : : : : : | ! ! |
phasec ————t— —— — 4 — — — — —t — — — —— ——— —— — i — — 4 —
I . : [ - i : 5 5 5 5 5
g g g g |_Y_LL g g g g g g g
phased I S S (L e [ L N J R [ 1
[ N S Ry O O, N | N ey W S
352984 5 AR 0184 s phased 672984 s
3929840472 4501340472 Maouse Pos Reference Point Delta 6729840472
4 Time: 50,0184 5 45,0184 5 55=02Hz e
@Disassemhly | ﬂ Logic Analyzer ‘;‘gl;l:e: ?q_;‘ﬁ, tf]\l_-'A L
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1) DSP SINE example using ARM CMSIS-DSP Libraries:

ARM CMSIS-DSP libraries are offered for ARM 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. CMSIS is an acronym for Cortex Microcontroller Software Interface Standard.

This example creates a sine wave, then 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. RTX source code is provided.
To obtain this example file, go to www.keil.com/appnotes/docs/apnt 238.asp Extract \DSP to ...\Microsemi\SF2-DEV-KIT\
1. Open the multi-project file sine: C:\Kei\ARM\Boards\Microsemi\SF2-DEV-KIT\DSP\ADSP_Demo.uvmpw

2. In the Project window, right click on M2S050T_MSS _CM3 hw_platform and click Set as Active Project: This
project will take on a black highlight background as shown here: E— 7 x

Rl 250 50T _MS: _hy
-5 M25050T_MS5_CM3_app
=15 Cortex-M3 Flash

42 I:‘
Set as Active Project

T -

the one warning. It is inconsequential.

4. In the Project window, right click on DSP and click Set as Active Project. It will take on a black background.

5. Compile the source files by clicking on the Rebuild icon.
LoAD

6. Program the SmartFusion2 eNVM flash by clicking on the Load icon: ¥# Progress is indicated in bottom left corner.

7. Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode notice appears.
TIP: The default Core Clock: is 100 MHz for the DEV KIT. For the EmCraft board, change this to 166 MHz. See page 18.

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

9. Four waveforms will be displayed in the Logic Analyzer using the Serial Wire Viewer as shown below. Adjust Zoom
Out 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.
10. The project provided has Serial Wire Viewer configured and the Logic Analyzer loaded with the four variables.

| Logic Analyzer

Setup... || Load... Min Time Mazx Time: Grid Zoom Min/Max  |Update Screen | Transition Jump to ¥ Signal Info [~ Amplitude
Save.||[ Os 691403 | 05s |[In [[Out][Al]|[Auto][Unda]|[ Stop |[Clear ]|[Prev][Next]| [Code |[Trace] ||~ Show Cycles W Cursor
32767 ; ; : : : : : : : : : : :
sine TN, /_H\ /_H\ /HN\ i N TN, i N
T S~ AN : AN S~ S~
32768 | a1y ; ; ; .
32767 : : : : : : : : : : : :
32768 |3775] ; ; : ; ; ; ; ; : : : :
32767 E E E E E E E E E E E E E
disturbed | N4\ INA A A\ A A WA\
ke 2N AV a2 D, S Ve A DAV S DaVa S eV
32767 : : : : : : : : : : : : :
fitered \H//P\\\\H/ A\J Pt /1‘\\/ /ﬁ\\v /—h\\v/
-32768 |T5am3) | : ; : ; : : ; : : : : :
617116171135 6521135 £a.2113
K L fl=11)
@Disassemhly | ﬂLogicAnalyzer

11. Select View/Watch Windows and select Watch 1. The four variables are displayed updating as shown below: They
are pre-configured in this project.

12. Open the Trace Records window and the Data Writes to the four variables are displayed.
13. Leave the program running.
14. Close the Trace Records window.

TIP: The ULINKpro trace display is different and the program must be
stopped to update it.
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Signal Timings in Logic Analyzer (LA):

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:
Min Time Max Time Grid Zoom Min/Max | Update Screen| Transition Jump to ¥ Signal Infe [~ Amplitude
Save.. ||| Os [283.4403s | 05s |[In ]Out][Al] [ Start ][ Clear || [Prev][Next]| [ Codz|[Trace] | I Show Cycles ¥ Cursor
37767 : ; : : L ; : i : : : i
sne N LT i PN N N N
s L = A Do SN
= ; ! ; ; (2 i ; ! ; ; ;
32767 : . ' : : : : 0 ! ! 0 !
A AAAAAA AP AP
e L I sz
32767 : : : : : : : : ! ! : ! !
disturbed /\u\/\/’\/\y\\/\/\/ﬁ/\/\w =y rﬁ/\:\,\u ;r\f\?’\\ ’,\f\?”\\ ;‘A/\:w\
-32768 : : : : | disturbed N
. . . . | |@ fMouse Pos Reference Point Delta
32767 : : : : : Time: 2789293 5 2787103 s 0.219033 s = 4.565522 Hz
fitered : /""‘\ ; /"‘\ ; | Value: 21016 4369 16647
! SN S V PCS: N/A h/A 5
-32768 : : . |[12H4576, d: 18881 . ' ' : ' '
276.0493 5 [278[278.9293 5, d: 0.219033 s 283.5433s
| I
@Disassembly | ﬂLogicAnalyzer

2) RTX Tasks and System Awareness window:

10.
11.

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.

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

Set a breakpoint in one of the four tasks in DirtyFilter.c by clicking in the left margin on a grey area.

Click on Run and the program will stop here and the Task window will be updated accordingly. Here, I set a
breakpoint in the noise_gen task:

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

Remove the breakpoint.

Property Value
[=]-System

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

TIP: Recall this window uses the CoreSight DAP
read and write technology to update this window.
Serial Wire Viewer is not used and is not required
to be activated for this window to display and be

Timer Number:

0

Tick Timer:

10.000 mSec

Round Robin Timeaut:

Stack Size:

200

Tasks with User-provided Stack:

0

Stack Overflow Check:

Yes

Task Usage:

Available: 7, Used: 5

User Timers:

Available: 0, Used: 0

[=]-Tasks MName Priority State Delay Event Value Event Mask Stack Load
updated‘ 255 |os_idle_demon 0
H b [ sync_tsk 1 ‘Wait_DLY 1 32%
The Event Viewer does use SWV and this is e : Ty T
demonstrated on the next page. 4 |disturb_gen 1 Wait_AND 0x0000 0x0001 3%
3 noise_gen 1 0:0000 0x0001
2 |sine_gen 1 Wait_AND 0x0000 0x0001 32%

Keil pVvision and Microsemi SmartFusion2
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3) RTX Event Viewer:

1. Stop the program. Click on Setup... in the Logic Analyzer. Select Kill All to remove all variables. This is necessary
because the SWO pin will likely be overloaded when the Event Viewer is opened up. Inaccuracies might occur. If
you like — you can leave the LA loaded with the four variables to see what the Event Viewer will look like. Later,
delete them to see the effect, if any, on the Event Viewer.

2. Select Debug/Debug

. Load... Min Time Max Time Grid Zoom Code Trace Update Screen | Transition Cloasr [ P
Settlngs' Save... |0-9701535 | 55.55008 s | 10 ms [1n IlDutI All I Show I Show | Stop | Clear revl Next: | Shcw Cydes

sine_gen (2)

31. Event Viewer uses this
to collect its information.
5. Cth OK tWiCC. noige_gen (3}

3. Click on the Trace tab. . . .
) Al Tasks 255) @55 ifess) fiess) (255

4. Enable ITM Stimulus Port X )( X X X

[

I |

6. Exit and re-enter Debug | |

| |

| |

233333
IRERs
| |
| |
| |

disturb_gen (4}

mode to refresh the Trace [ ub-aen
Configuration. {| e
7. Click on RUN. ;
sync_tsk (6) :|

8. Open Debug/OS Support

The window here opens up: ! ! ! ! ! ! ! !

| 55.4693 s | 555293s ' ' 555993s
9. Note there is no Task 1 <l A2
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 188.

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.

ULINKpro 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 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.

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 SysTick timer value. lozi.. | MnTme  MaxTme Gnd Zoom | Code | T | UpiateSacen | Tonston |1 corsr | [~ koo
This value is set in RTX_Conf CM.c. The next Sove.. | o7eassme[2002007e [ 2me - |[inlou] wl| o || shew | WLIP_IU ¥ show cydes

page describes how to change this. i, m Idil - H oo L >(
TIP: The EmCraft board will show ~ 6 ms = N S| VS S S ez BN S §
because it is running at 166 MHz versus 100 in the g L |
program. Change Timer Clock Value from 100to 7

166 MHz in RTX_Conf CM.c will fix this. |
TIP: ITM Port 31enables sending the Event : |
Viewer frames out the SWO port. Disabling this 2

can save bandwidth on the SWO port if you are not % |
using the Event Viewer and this is normally a good =
idea if you are running RTX with high SWO use. g ‘
Even if the Event Viewer is closed, the data is still B

belpg sent out .the SWO pin or the TI‘?.CG Port. = e e e e ||
This can contribute to SWV overloading. - 338 M?jzl
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Event Viewer Timing:

1.

2.
3.
4

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 ULINK?2 with LA cleared of variables.

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 Update Screen | Transition ¥ Cursor ¥ TaskInfo

save... “?‘?31256 ms[ 4344865 | O.1ms Eﬂﬂl c\aar prev| Next] u shon Cyces
All Tasks Idle: {255}5 3 E @ X\dh& [2.55}
! |[sine_gen (5ldisturb_cen ()&} T
fitter_tsk (2)
disturb_gen (3}
noise_gen (4)
sine_gen (5}

sine_gen (5 Min Max Average Called
(0%0B0002f1) 40.71429 us 0.105 ms 0104571 ms 436

stk () o -
Idle (255) _ I

43139255 43145615[4.314675s, d: 0.174ms 4.315825s5

Time: Mouse Pos Reference Point Delta
4314675 5 4314561 5 0.114 ms = §771,929825 Hz

30197473 30201525] 30202723, d. 798 IR
il 42

Changing the SysTick Timer:

Stop the processor ) and exit debug mode. @

2. Open the file RTX Conf CM.c from the Project window. You can also select File/Open in
C:\Kei\ARM\Boards\Microsemi\SF2-DEV-KIT\DSP.

1. Select the Configuration Wizard tab at the bottom of the window. This scripting language is shown below in the Text
Editor as comments starting such as a </h> or <i>. This scripting language is shown below 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 SysTick Timer Configuration.

Note the Timer tick value is 10,000 ps or 10 ms. startup_m2soocs | [£] DintyFterc [ £] RDX Conf CM.c
Change this value to 20,000. Bosd Al | _Colapse Al | Help m
TIP: The 100,000,000 is the CPU speed and is correct for the SF2- option | value

DEV-KIT. 166 MHz would be correct for the EmCraft board.
6.

[#-Task Configuration
&8 Tick Timer Configuration

-Hardware timer Core SysTick

Rebuild the source files and program the Flash.

-Timer clock value [Hz] 100000000
. -Timer tick value [us] 10000
Enter debug mode Q and click on RUN . 51-System Configuration

When you check the timing of the tasks in the Event 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.

9.

Set the SysTick timer back to 10,000. You will need to recompile the source files and reprogram the Flash.

10. Stop the processor and exit Debug mode to precompile the source files.
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1) ETM Trace Examples: Using the Keil Simulator:
A ULINKpro is required for ETM operation with a board. The Keil Simulator works but does not support any SF2 peripherals.
ETM provides serious debugging power as shown on the next few pages. It is worth the modest added cost.

The example project files for Blinky ETM are provided here: www.keil.com/appnotes/docs/apnt 238.asp
Extract these files into C:\Keil\ARM\Boards\Microsemi\SF2-DEV-KIT\ This will create a sub-directory \Blinky ETM.

ETM With Keil Simulator:

3
Start uVision by clicking on its desktop icon. =

2. Select Project/Open Project: C:\Kei\ARM\Boards\Microsemi\SF2-DEV-KIT\Blinky ETM\Blinky ETM.uvmpw
(do not select Blinky ETM.uvproj).

3. You do not need any hardware connected to use the Keil Simulator.

4. Select Simulator in the Target Options box as shown here: [Simulator -]

5. Inthe Project window, right click on M2S050T MSS CM3 hw_platform and click Set as Active Project: This
project will take on a black highlight background as shown here: -
. " ¢ Project a X
This project was created by Libero.
B WorkSpace
[EERERE 1750507 MSS CM3 hw plaskees

42 E‘
[}-E5 M25050T_MS5_CM3_app Set as Active Project !
21459 Cartex-M3 Flash T i

Compile the source files by clicking on the Rebuild icon.

In the Project window, right click on Blinky and click Set as
Active Project. It will take on a black background.

Compile the source files by clicking on the Rebuild icon.

Do not use the Load icon — this is not used with the Simulator or when running in RAM.

10. Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode notice appears.

11. Click on the small arrow beside the Trace Windows icon and select these two entries: == |Z &~ > -

v | Trace Data

12. Optionally exit and re-enter Debug mode. This starts your project from the beginning.

Trace Navigation

Show Records in Disassembly Ctrl=T

13. The Trace Data window will be filled with frames as shown below:

Enable Trace Recording

14. Examine the Instruction Trace window as shown below: This is a complete record of all the instructions executed
since RESET. pVision halted the program at the start of main() because Run to Main is selected in Target Options.

" Display.  Execution - All - al = - in Al -3 |3 =
Mr, Time Address Opcode Instruction Src Code
4326 0.000 379 550 5| 0xD0001352 D1FE BME  0x0000137C ;I
4317 0.000 380 000 s|0x0000137C 101 STM 1l {r0}
4318 0,000 380 100 5| 0x0000137E 1F12 SUBS  r2r2#=4
4329 0.000 380 150 5| 0x00001380 200 CMP  r2,#0x00
4,330 0.000 380 200 5| 0x00001382 D1FB BME  0:x0000137C
4,331 0.000 380 250 5| 0x00001384 4770 BX Ir
4,332 0.000 380 400 5| 0x00001356 3410 ADDS 4, rd, #0610
4,333 0.000 380 450 5| 0x00001358 4240 CMP 15
4334 0.000 380 500 s|0x0000135A D3F6 BCC  0x0000134A
4,335 0.000 380 550 s|0x0000135C F7FEFF18 BLW __main_after_scatterload (0x00000190)
4,336 0,000 380 700 s|0x00000190 4800 LDR  10,[p,=0] ; @0x00000194
4,337 0.000 380 800 5| 0x00000192 4700 BX L] =
4 | 3

15. In this case, Nr. 4,337 shows the last instruction to be executed. (BX r0). In the Register window the PC will display
the value of the next instruction to be executed (0x0000 040A in my case) which is MOV R4, #0xFFFFFFFF.

o~
16. Click on the Disassembly window to bring it into focus. Click on Single Step once. ' The MOV will now execute.
17. Scroll to the top of the Instruction Trace window to frame # 1. This is the first instruction executed after RESET.

18. This is 0x0000 0019C which is a LDR instruction.

19. In the Memory 1 window, enter 0. Right click and select Unsigned, Long. Memory location 0 contains the initial
stack pointer and location 4 contains the initial PC+1 which is 0x019D. (0x019D — 1 = 0x019C)

20. The Disassembly and C source windows display code as it is written. The ETM trace window displays as it happened.
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2) Code Coverage: (works with the Simulator and ULINKpro)

Click on the RUN icon. After a second or so stop the program with the STOP icon. D]

2. Examine Blinky.c window near line as shown here: The green blocks indicate code that was executed. Note the

section of gray at lines 63 to 72 that was never executed.

1Q 1 | S‘Bﬂ“P_II\ZS)DDLS/V Blinky.c r‘D sys_config.h r system_m2sio0.c I - X|
3. Thisis never exe?cuted because BTN_Get() never returns 0 = =
as the simulator is not configured with GPIO input signals.. s8] while(l) { i
59 btns = BTN Get (): * Read bu: ¢
] 1 H —_ : . 60 /fbtns=0;
4. Click on the line if (btns == 0 and the instruction near ah  ir cens — 0 /e no puss
: : : : s s : 62 /* Calculate 'idx': 0,1, ...,LED NUM-1,LED NUM-1,...,
(o.r at) 0x47E is highlighted. Its blogk is cyan indicating b e
this branch was always taken bypassing lines 63 to 72. 64 if (idx == IED_NUM) { dir = -1; idx = LED_NDM-1; }
€5 else if (idx < 0) { dir = 1; idx = 0O;
. . o
5. This is Code Coverage provided by ETM trace. ps 155 on (20 P
. . . 68 Delav (50) s /* Delay 2C
/ . 1. Green: this assembly instruction was executecﬁ 69 count++;
70 if (count > O0xf) count = O:
2. Gray: this assembly instruction was not executed. s B E i |
73 }
. : 74 else {
3. Orange: a Branch is always not taken. s T e (0
. 76 Delay (20 Delay 2
4. Cyan: a Branch is always taken. 77 LED Out (0x00):

5. Light Gray: there is no instruction at this point.

I btns = BIN Get():
6. RED: A Breakpoint is set here (is really a circle). 80: _//btns=0; R
0x00000478 F7FFFF26 BL.W BTN_GEt, (0=x000002CE)
{JZI . . . 0x0000047C 4606 MoV r6,rl
7. Indicates the next instruction to be executed. 61: if (btns == 0} {
62: /% Calculate 'idx': 0,1,...,LED NUM-1,I
E{}OxOOOOO&TE BElé6 CEBNZ r6, 0x000004C6
. . . . 63: idx 4= dir;
If you scroll in the Disassembly window, you can easily see 0x00000480 442C ADD r4,r4,rs =
examples of each type of Code Coverage block and if they were o .. B

executed or not and if branches were taken (or not).

@Disassembly ﬂL-:ugic:.nalyzerl

TIP: It is possible that a C/C++ source line shows green while it contains a branch not fully exercised. You must check all

windows.

Why was the branch CBNZ always taken resulting in 0x0480 never being executed ? There are other such examples that you
can easily display. You should devise tests to execute these instructions so you can test them.

1. Remove the comment on btns=0; near line 60. This will override the issue of returning OXFF from the GPIO port.

3. Scroll down in Blinky.c and you will see the lines 63 through 72 are now executed and 75 through 77 are not.

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 any unexecuted instructions have not been be tested. Some

agencies such as the US FDA require Code Coverage for
certification.

A Code Coverage window is available as shown here:
|

This window is available in View/Analysis/Code Coverage.
Note your display may look different due to different
compiler options.

You can display either Modules or Functions.
This window is updated while the program is running.

TIP: You may save and restore coverage statistics for
multiple debug sessions using a command line in the Output
Window. For more details see:
www.keil.com/uvision/db_anl codecoverage.asp or
www.keil.com/support/man/docs/uv4/uv4_cm_coverage.htm

Code Coverage &
Module: I:AII Modules:> j

Modules/Functions | Execution percertage I;|
B Blinky c

SysTick_Handler 100% of &instructions
100°% of Sinstructions

75% of 84 instructions, 7 condjump (s) not fully executed

100°% of 57 instructions

100% of 8 instructions, 1 condjump (s) not fully executed

100% of & instructions, 1 condjump (s) not fully executed

0% of 17 instructions J

100°% of 18 instructions
|| 100°% of 19 instructions
B CMSI5/system_m2si00c.c -

@Disassemhly | ﬂ Logic Analyzer c:}E Code Coverage
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3) Performance Analysis (PA): (works with the Simulator and ULINKpro)

Performance Analysis tells you how much time was spent in each function. The data is provided by ETM trace. ETM provides
complete Performance Analysis. Keil provides only ETM PA.

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.

Select View/Analysis Windows/Performance Analysis. A window similar to the one below will open up.

Note the execution information that has been collected in this initial short run. Both times and number of calls is
displayed.
5. We can tell that most of the time at this point in the program has been spent in the Delay routine.

2
3. Expand some of the module names as shown below.
4

Performance Analyzer

Show: |Mndules j
Module.Function Calls Time{Sec)

351.026 ms
350921 ms
78 78.000us
3 350.836 ms
: 1 7.150us
""" drivers/mss_gpio/mss_gpio.c 26.400 us
----- LED.c 7.450 us
----- BTN.c 5.100 us
----- CMS5IS/system_m2soocc 4650 us
""" CM3515 fstartup_amstartup_m2sx. . 1.300us

""" drivers/mes_uart/mss_uart.c Ous

@Disassemhly E Performance Analyzer | ﬂ Logic Analyzer -::3‘: Code Coverage |

Click on the RUN icon.

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.

Select Functions from the pull down box as shown here and notice the difference in the PA: IFL""CJ“D"'S :l' J

Click on Reset in the PA window and note the effect and that this window is updated while the _Madules
program is running.

10. When you are done, Stop the program and exit Debug mode.
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4) Execution Profiling: (works with the Simulator and ULINKpro)

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 and in the Keil Simulator. It is possible to group source lines (called collapse) to get

combined times and number of calls. This is called Outlining.
1. Enter Debug mode.
2. Select Debug/Execution Profiling/Show Time.

3. In the left margin of the disassembly and C source
windows will display various time values.

Click on RUN.

The times will start to fill up as shown below right:

SR

Execution Profiling

Memory Map...
Inline Assembly...

Function Editor (Open Ini File]...

Click inside the yellow margin of Blinky.c to force a refresh.

This is done in real-time and without stealing CPU cycles.

Dizabled
v | Show Time
Show Calls

Reset Information

Hover the cursor over a time and and more information will appear as in the yellow box here:

Time: Calls:

19.589 5

138910257 *

Average:
0,140 ps

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

margin.

Keil pVvision and Microsemi SmartFusion2

www.keil.com/microsemi

startup_stmut.s/V Blinky.c* r sys_config.h r system_m2s:oonc r core_cm3.h I v X

60 1.250 usgj btns=0; -

61 1.250 us [ if (btms == 0) { /* no push

62 /% Calculate 'idx': 0,1,...,LED NUM-1,LED WUM-1,...,

63 1.250 us idx += dir:

64 5.300 us if (idx == LED NUM) { dir = -1; idx = LED NUM-1;

65 4.600 us else if (id=x « 0) { dir = 1; idx = 0;

[

&7 5.000 us LED On (idx): /* Turn on

&8 5.000 us Delay(30) J# Delay 20

69 11.700 us count++;

70 9.150 us if (count > Oxf) count = 0;

71 5.200 us LED Off (idx): /* Turn of

72 8.950 us Delay(Z3): /% Delay 1

73 Time: Calls: Lverage:

74 He.950 us 2g * 0.344 us

75 LED Out (OxFF):

76 Delay(200): /* Delay 2

77 LED Out (0=00):

78 hd
1 | 3
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5) In-the-Weeds Example: (works with Simulator and ULINKpro)

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

If a Hard Fault occurs, the CPU will end up at the address specified in the Hard Fault vector located at 0x00 01A6. This
address points to the Hard Fault handler. This is usually a branch to itself and this Branch instruction will run forever. The
trace buffer will save millions of this same branch instruction. This is not useful. We need to stop the CPU at this point.

This exception vector is found in the file startup m2sxxx.s. If we set a breakpoint by clicking on the Hard Fault handler and
run the program: at the next Hard Fault event the CPU will jump to the Hard Fault handler (in this case located at 0x0000 01A6
as shown to the right) and stop.

Disassembly

MemManage Handlerh

The CPU and also the trace collection will stop. 1ai:

. .. . bk BRCC
The trace buffer will be visible and is extremely laa. EXPORT VMemManage Handler [WERE]
useful tO 1nvest1gate and determnle the cause of 0x00000146 ETFE B HardFault Handler (0x000001R&)
184: B
the crash. 185: ENDE

: BusFault_ Handler’

1. Use the same Blinky setup from the . oo
. 4
Trevious page.
p p g @Disassembly E Performance Analyzer | ﬂ Logic Analyzer c\n}[ Code Coverage

2. Locate the Hard fault vector near line
183 in the disassembly window as shown above or in startup m2sxxx.s.

3. Set a breakpoint at this point. A red circle will appear as shown above.

4. Run the Blinky example for a few seconds and click on STOP. It will probably stop in the Delay function.

5. In the Disassembly window, scroll up until you find a POP instruction. I found one at 0x0000 03DE as shown below:

6. Right click on the POP instruction (or on the ADDS at 0x0000 03D8 as shown below for a more interesting display)
and select Set Program Counter. This will now be the next instruction executed.

7. Optionally, clear the Data Trace window to make things more clear. 4

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

Examine the Data Trace window and you find this POP plus everything else that was previously executed. In the
bottom screen are the ADDS, CMP, BLT (branch not taken), and POP

Disassembly

instructions and one DCW word. 0x000003D¢4 FTFFFFES BL.W LED Off (OxCa
. . 0x000003DE 1C64 LDDS r4,r4, #1
10. Note the Branch at the Hard Fault does not show in the trace window 0x000003DA 2C08 cup T4, #0x08
because a hardware breakpoint does execute the instruction it is set to groanonste BEE BLT 0x000003C2
therefore it is not recorded in the trace buffer. Click on Step (F11) and 0x000003DE BDT0 EOP {r4-r6,pc)
fa s . : L 0x000003ED 3088 DCW 0x3088
this instruction will be added as it is executed. oa00000552 200a ot onao0n
0x000003E4 138C DCW 0x138C _Ij
............ - i

This ends the exercises using the Keil Simulator and trace. Next are some ETM
exercises using a Keil ULINKpro and the Microsemi SF2-DEV-KIT.

(1
@D\sassembly E Pelf-:umanc...l ﬂ Logic ;.nal;-..‘l c\n}: Code C-J‘.-EI.‘.l

| Display:  Execution - All - = B} * in Al = 2 = E"]
Mr. Time Address Opcode Instruction Src Code
175 0.503 007 450 5| 0x00000525 EAZ10104 BIC rlrl,rd
179| 0,503 007 500 s|0x0000052C FOO20401 | AND  rd,r2,#0x01 gpio_setting |= (value & 0x01u} ...
180 0.503 007 550 5| 0x00000530 FAD4F403 LSL 4,43
151 0.503 007 600 5| 000000534 EA440101 ORR rlrdrl
182  0.503 007 650 s|0x00000538 4048 LDR  rd,[pc,#£296] : @0x00000664 GPIO-> GPIO_OUT = gpio_setting;
153 0.503 007 750 5| 0x0000053A F8C41083 STR rl,[rd, #0x38]
154 0.503 007 850 5| 0x0000053E ED10 POP  {rd,pc H
185 0.503 005 100 s| 0x000003E5 ED10 POP  {rd,pc H
188 0.503 003 350 5| 0x000003D5 1064 ADDS  r4,rd4#1
187 0,503 005 400 5| 000000304 2008 CMP 4, #0008
138 0,503 005 450 5| 0:000003DC DEFL ELT  0w000003C2
189 0,503 005 500 5| 0x000003DE BOT0 POP  {r4-ro,pc} i
190 0,503 008 350 5| 0x00000000 1045 DCowW  Dd0AS v|
| [can stack = Locals n x|
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6) ETM Trace Examples: Using the SF2-DEV-KIT and ULINKpro:

A ULINKGpro is required for ETM operation. The Keil Simulator also works but does not support any SF2 peripherals.
ETM provides serious debugging power as shown on the next few pages. It is certainly worth the modest added cost.
ETM With Keil ULINKpro:

53
Start pVision by clicking on its desktop icon. =

2. Select Project/Open Project: C:\Kei\ARM\Boards\Microsemi\SF2-DEV-KIT\Blinky ETM\Blinky ETM.uvmpw
(do not select Blinky ETM.uvproj). This is the same one used for the Simulator ETM demonstration.

3. Connect the ULINKpro to the DEV Kit as shown on page 1. Set J93 to position 2-3.

4. Select ULINKpro in the Target Options box as shown here: [utnikpre Fiash =l

In the Project window, right click on M2S050T MSS CM3 hw_platform and click Set as Active Project: This
project will take on a black highlight background as shown here:

- N ¢ Project o x x
This project was created by Libero.
= WorkSpace | 42 -
6. Compile the source files in this project by clicking on the EREE 1250507 1MS5_CM3_hw_plaidees —_— j
G [=-+£5 M25050T_MS5_CM3_app Set as Active Project !

F-550 Cortex-M3 Flash T i

Rebuild icon. .
In the Project window, right click on Blinky and click Set as Active Project. It will take on a black background.
Comment out line 60 btns=0; in Blinky.c.

9. Compile these source files in the Blinky project by clicking on the Rebuild icon. £
LoAD

10. Program the SmartFusion2 eNVM flash by clicking on the Load icon: ## Progress is indicated in bottom left corner.

11. Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode notice appears.
12. Click on the small arrow beside the Trace Windows icon and select Trace Data: =—> = - @ - e

13. The Trace Data window will be filled with frames as shown below: v | Trace Data

. . . .. T Mavigati
14. Examine the Instruction Trace window as shown below: This is a complete record of all e Tevgsen

the program flow since RESET and until uVision halted the program at the start of
main(). This is because Run To Main is selected in Target Options.

Trace Exceptions

Event Counters

15. In this case, 218 600 s shows the last instruction to be executed. (BX r0). Note: your time might be different. In the
Register window the PC will display the value of the next instruction to be executed (0x0000 040A in my case) which
is MOV R4, #0x...FFFF. Timestamps for all instructions are not provided by ETM and is normal.

16. Trace Data w
* Display: Al R ! * in Al - @3 =
Time Address / Port Instruction / Data Src Code / Trigger Addr
X 0x0000137C ST rllindy ;I
0.000 215 040 5| X : 0x0000137E SUBS  riri=4
X 000001380 CMP  r2,#0x00
0,000 218 080 s| X : 0x00001352 *BENE  0x0000137C
0.000 218 200 s| X : 0x00001354 BX Ir
¥ 000001356 ADDS  rd rd #0x10
X : 0x000013558 CMP 415
0,000 2158 320 s| X : 0x00001354 *BCC 0xD000134A
X 00000135C BLW __main_after_scatterload [0x00000190)
¥ : 000000190 LDR  10,[pc,#0] ; @0x00000194
0.000 218 600 s | X : 0x00000192 BX TI

-
17. Click on the Disassembly window to bring it into focus. Click on Single Step once. £ The MOV will now execute.
18. Scroll to the top of the Instruction Trace window to frame # 1. This is the first instruction executed after RESET.

19. This is located at memory 0x0019C which is a LDR instruction.

20. In the Memory 1 window, enter 0. Right click and select Unsigned, Long. Memory location 0 contains the initial
stack pointer and location 4 contains the initial PC+1 which is 0x019D.

21. The Disassembly and C source windows display code as it was written. ETM trace displays code as it happened.
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7) Trace Triggering with ULINKpro:
CoreSight provides a mechanism to start and stop the trace collection to allow you to focus on frames of interest.
2. In Blinky.c, set a breakpoint on count++; near line 69. Run the program: it will stop on this line.

Remove this breakpoint and set it on the Delay(25) near line 70. Click on RUN several times. You can see the Data
Trace window filling with many frames. We will focus on the line count++;.

4. In Blinky.c, click once on the count++; line to highlight it. It will get a cyan arrow and in the Disassembly window
0x4F2 will have a yellow highlight as shown here:

Disassembly
5. In the Disassembly window, right click on line 0:x000004EE FTFFFFAE EL.W Delay (0x00000448)
: 639: count++;
0x4F2 and select Insert Tracepoint .. TraceRun as SRR . £0, [pe. §72] ¢ GOED0000S3C
shown below: 0x000004F4 6800 LDR ro, [r0, $0x00]
. 0x000004F6 1C40 ADDS x0,z0, $1
[{3g pikl . ¥ IE
6. A cyan “T” will appear as shown here: Trace 0x000004F8 4910 LDR rl, [pc,$64] : B0x0000053C
collection will start at this instruction. 0x000004FA 6003 5TR 0, [x1, $0x00]
TO: if (count > Oxf) count = 0
Insert Tracepoint at ‘0x000004A2" .. » TraceRun (ETM) ERON0NARC 2808 M 2020 5
Enable/Disable Tracepoint Tracesuspend [ETM]

TraceHalt

Inline Assembly...

Right-click on 0x4FA and similarly select TraceSuspend. A cyan “T” will be displayed as shown above:
The trace has now been configured as such:
a. ETM Trace collection will start when the instruction 0x4F2 is executed.
b. ETM Trace collection will stop when the instruction at 0x4FA is executed.
c. Everything in between will be collected. This includes all function calls, interrupts or other branches.
d. This does NOT always mean that only instructions between 0x4F2 and 0x4FA will be collected.
e. The exact addresses you obtain can vary due to compiler optimization settings and other variances.
9. Click on RUN. The program will run to the breakpoint and stop.

10. Shown here are two runs. Clearly it can be seen count++; is captured in the trace and everything else (almost) is
discarded as shown by the red parenthesis.

a. The MOV at 0x4FC is from ETM skid and is normal. Reduce this by careful positioning of TraceSuspend.
b. The MOVS at 0x4BE is collected and displayed as a result of coming off a breakpoint. This is normal.
TRACE RUN indicators shown divide the various runs making it more clear what is happening.
TIP: If you see numerous SysTick timer frames filling the trace, filter them out by selecting ETM — Code Exec as shown:

Trace Data bad
~ Display: [ETM - Code Exec Fll 2 & ~ in Al @2 | |
Time Address / Part Instruction / Data Src Code / Trigger Addr
0,575 386 170 s | X : Ox0000050E MOVS 0, #0x19 Drelay(25); ;I
TRACE RUN

X:0x000004F2 | LDR  10,[pc,#72] ; @0x0000053C count=+;
¥:0x000004F4 | LDR 10, [rD,#0x00]
¥:0x000004F6 | ADDS 10,0, &1

X:0x000004F2 | LDR  rl,[pc#64] ; @0x0000053C
%

X

: 0000004 FA STR  r0,[rl,#0x00]

0,650 385 940 5| X : 0x000004FC MoV il if (count = Oxf) count = 0;
TRACE RUN

0,650 3585 960 s | X : 0x0000050E MOVS 0 #0x19 Delay(25);
TRACE RUN
: 0x000004F2 LDR 0, [pc#72] ; @0x0000053C count==+;

:0x000004F4 | LDR 1D, [r0,#0x00]
:0x000004F6 | ADDS  r0,m0,%1
:0x000004F8 | LDR  rl,[pc#64] : @0x0000053C

IR

STR 10 [r1,#0%00]
MOV if (count > Oxf) count = 0;

TraceRUN: Starts ETM collection. This is mandatory for the next two commands to be valid.
TraceSuspend: Stops only ETM frames. SWV frames continue.
TraceHalt: Stops collection of both ETM and SWV frames.
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8) More ETM Examples:

Now that you have the ETM working with a ULINKpro, you can try the exercises on these preceding pages that were originally
used with the Simulator.

Code Coverage: 28
Performance Analysis (PA): 29
Execution Profiling: 30
In-the-Weeds Example: 31

9) Configuring Target Options for ULINKpro:
The Multi-Project Blinky ETM.uvmpw contains the project Blinky.uvproj. This has several target options as shown here:

Each of these entries represents a different Target Options configuration. These were preconfigured |ULINKpro Flash [~
for your convenience. It is useful to be able to create these and configure the Debug adapters Caortex-M3 Flash
yourself. These are created and managed in Projects/Manage/Project Blinky Components. Cortex-M3 SRAM

Simulator

When you select one of these targets, the associated Target Options window will be activated.

T

It can then be opened in the usual fashion by selecting the Target Options icon EAN or ALT-F7.
How to Configure a ULINKQpro:
1. You do not need to be connected to a target or a ULINK to set the Trace Configurations.

4

Open the Target Options window by clicking on its icon EAN or ALT-F7.

Select the Debug tab. Select ULINK Pro Cortex Debugger and select Settings:

Select the Trace tab and the window below opens:

Select Trace Enable and ETM Trace Enable. Enter a valid Core Clock: value for certain timing displays.
Select Sync Trace Port with 4-bit Data as shown. ETM and SWV trace is now configured.

e

Click OK twice to return to the main pVision menu.

TIP: ULINKpI’O can use either Serial Wire Output — Manchester or Sync Trace Port with 4-bit Data for SWV. It cannot use
the UART/NRZ option. Selecting this will cause an error. For ETM and SWV Trace, the 4 bit Trace Port is the only option.
ULINK?2 or ULINK-ME can use only the Serial Wire Output — UART/NRZ option. Same for the Segger J-Link.

TIP: JTAG or SWD can be used with the Trace Port option. With Serial Wire Output pin option, with either ULINK2/ME or
ULINKpro, only SWD is allowed. This is because of the TDIO and SWO conflict. JTAG is not allowed in this case. This is
normally an issue of the 20 pin Cortex ETM connector is not available for the ULINKpro to access the Trace Port.

Super TIP: If you change the debug adapter here, you must also change it in the Utilities tab. This selects the eNVM flash

-7

programming algorithm. This tab is visible when you open the Target Options window. EAN

Cortex-M Target Driver Setup il

Debug Trace | Flash Download I

Core Clock:l 100.000000 MHz ¥ Trace Enable [ UnlimtedTrace [ ETM Trace Enable
— Trace Port — Timestamps —————— [~ Trace Events

Sync Trace Port with 4-bit Data j [+ Enable Prescaler: I‘I 'l [~ CPI: Cycles per Instruction

Sync Trace Port with 1-bit Diata [~ EXC: Exception overhead

Sync Trace Port with 2-bit Data PC Sampling ———— .

Sync Trace Port with 4-bit Data P | Iﬁ I™ SLEEP: Sleep Cycles

Serial Wire Output - Manchester rescaler: | 1024716 [~ LSU: Load Store Unit Cycles

ial Wi -

Zenal Yie Quiout LART/NRZ I™ Periodic Period: | <Disabled> | | ™ FOLD: Folded Instructions

D3:[0.0ns =] [~ on Data R/W Sample [~ EXCTRC: Exception Tracing

ITM Stimulus Ports
Port 2423 Part 16 15 Port 8 7 Port 1]

Enable: |DXFFFFFFFF Ivlvlvlvlvlvlvlv vl vielvvly VIvIvIvIvIvIvIY WIvvivivvvie
anlege.l[thDDDDDDE Port 31.24 v Port 23.16 [~ Port 15.8 [~ Pot 7.0 [~

ok | canca | Help
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1) Programming the SmartFusion2 FPGA Flash eNVM with a .stp file:

It is necessary to program the FPGA fabric with a STAPL file which has a .stp extension. This stp file also has an option to
program the Cortex-M3 eNVM flash with Cortex-M3 executable code. Once you have programmed the STAPL file into the
fabric, you can use pVision to program your executable Cortex-M3 code multiple times into the eNVM flash without conflict.

Usually a board comes pre-programmed with a STAPL file.

The EmCraft board is pre-programmed. The stp file is available here: www.emcraft.com/jdownloads/som/m2s/m2s-som-2a.stp

The DEV KIT needs to be programmed with a stp file provided by Keil. See www.keil.com/appnotes/docs/apnt 238.asp
Libero creates stp files with a name such as M2S050T top.stp. You can change this name to keep track of various versions.

Hardware Connect:
1. Store the .stp file somewhere on your PC. Tused C:\Keil_stp.

2. Connect the FlashPro4 to your SF2 board and its USB to your PC.

3. Setthe JTAG jumper: DEV KIT J93: 1-2, EmCraft remove JP2
See the images below for details. Power the board.

4. Open the FlashPro4 Programming Software. FP)

FlashPro4 is available stand-alone or as a component of the Libero IDE

FPGA development software. See www.microsemi.com.
Create a new programming project by clicking the New Project:

Name your project and pick a directory to save it as shown
below: A .pro file will be created. Click on OK.
x

Project Mame:
| DEV_KIT_B

Project Location:

| C:\eil_stp\DEV_KIT_B

Browse... |

Programming mode
& Single device
" Chain
Help | OK I Cancel |

7. Click on “Configure Device”. This will open the Load
Programming File window as shown below:

8. Use the Browse... button to locate your stp file.
9. Highlight it and select Open.
10. Information about your stp file will be displayed as shown below:

Programming file

x|

v
DEV_KIT_B.stp

Browse... |
Modify... |

Fri Mar 08 18:14:15 2013
C:\Keil_stp\DEV_KIT B.stp
FlashPro Version: wll.OBetaSEl
M25050T

MZS050T-£g8%96

2013/03/05

JESDT1

0FE0Z1CF

OFFEFEEF

M25050T_top

DATE_MODIFIED
STAPL_FILE NAME
CREATOR

DEVICE

DRCERCE

DATE
STRPL_VERSION
IDCODE

IDMASK

DESIEN
CHECESTM 0000
SECURITY Diszkble
[AL.G_VERSION 1

SILSIG Q0000000
MAX_FREQ 10000000

Inspech Device:

Chain Parameter...

Single Device Configuration Windaw

SV . - g - o
R b o e
oV, . -

Fle [t Vew Took Progammens Configuaton Cusiomae Melp
Dol ¢ ||as S0 EE @ | see s oo

v D »|
= - .
= % — =

& Microsemi

s
1P

=
|

Release: v

AL v ] an (oo e oo [

Rnady o prapect oaded

|,

U WS g pel fon

L | §: A %
DEV KIT J93 set for FlashPro4:

EmCraft JP2 set for FlashPro4:
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TIP: After you have created a project with FlashPro, you can retrieve it the next time by selecting the Open Project button.
Select the *.pro project file. You can select a different STAPL (stp) file by clicking on the Configure Device: button. Then

click on
11.

Browse: and select the new stp file.
At this time, the FlashPro software will connect to the FlashPro4 Device Programmer. As shown here:

x
3 Programmer Programmer Port Progr Frogr
Name Type Status Enabled

1 (72468 FashPro4 ush72468 (USE 2.0 |

=

¥

£

=

5

g

E Refresh/Rescan for Programmers

=1

[

Program the eNVM with the STAPL file:

12. Select the option Single Device. In the Action box, select Program.

13. Click the Program button to program the SmartFusion2 device.

14. If there is a warning about Vpump — you can ignore this message.

Stat

15. The Programmer Status % does not increment. 0= T The hourglass does rotate.

16. It took FlashPro about 80 seconds to complete programming the STAPL file I was using. If FlashPro stops in a few
seconds: there is probably an error. Look in the information window for the cause. You might have to scroll up a bit
to see the error. Here is the text of a successful FPGA array programming:

| programmer "T2468' @ Scan Chain... ‘:J
ltﬁ! Warning: programmer '72468' : Vpump has been selected on programmer LND an externally provided
programmer "T72468' : Scan Chain PASSED.
programmer "T72468' @ Executing action PROGRAM
programmer '72468' : EXPORT ISC_ENASLE RESULT[32] = 007c6744
programmer "T2468"' : EXPCRT "CRCERE: " 0O
programmer "T2468' : EXPCORT "EDCERE: " O
programmer "T2468' : TEMPGRADE: ROCM
programmer "T72468"' : EXPORT VPPRANGE: [3] = 2
programmer "T72468' : VPPRANGE: HIGH
programmer "T2468"' : EXPCORT TEMP: [E8] = &7
programmer "T2468' : EXPCORT VPP: [E8] = Tc
programmer "T72468"' @ Programming FPGA Arrav...
programmer "T72468' @ Please power cycle yvour board.
programmer "72468' : Finished: HMon Mar 11 10:48:15 2013 (Elapsed time 00:01:24)
programmer "T2468' @ Executing action PROGEAM PASSED.
-0 -9 -9o-0-210 -
«| | »
Al k|5 Al A Errors 4 Warnings # Info
17. 1If the programing is successful RUN PASSED will display as shown:
x
b Programmer Programmer Port Programmer Programmer
Name Type Status Enabled
1 |72468 FlashProd ush 72468 (USB 2.0) RUN PASSED |
18. If the board is not connected or powered properly: A Scan Chain Failed error will result:
Programmer Programmer Port Programmer Programmer
Name Type Status Enabled
1 |72468 FlashProd ush72468 (USE 2.0)| SCAN CHAIN FAILED |l
19. Replace the jumper as it was before in order to program, run and debug the with a Keil ULINK adapter. See page 4.
20. Remove the FlashPro4 and repower the board. The SF2 has been successfully programmed with the STAPL file.
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2) Creating a new project: Using the Blinky source files:

In order for SmartFusion2 to operate, a STAPL (.stp) file must be programmed into it. A .stp file can be created by you using
Microsemi Libero IDE or you can use a pre-built one that is provided by a third party. Keil provides such a .stp with this lab.
The design flow created with Libero configures the SF2 clocks and peripherals. Various components are connected to the SF2
pins. This includes the ETM Trace Port and GPIO ports that are used in the Keil example files.

Libero also creates two uVision projects: one is for the hardware (M2S050T _MSS CM3 hw_platform.uvproj) and the other is
for your application: (M2S050T_MSS CM3 hw_app.uvproj). Both are contained in a uVision Multi-Project (uvmpw). You
can see this in the two Keil example projects included with MDK. Each uvproj project is selected as needed by right-clicking
on its name and select Set as the Active Project.

1. You first compile the hw_platform project and it creates a library that is used as input by the hw_app project. You do
this only once unless you make changes in Libero that would be reflected in the library file.

2. Second, you make the hw_app active and compile it. This is where you Project o
develop, compile and debug your own user code for the SF2 MSS. == Workspace
You can change the names of these projects to your own preferences. B-E3 gsusm_mss_cma_h-ulatform
. . . . . i Cortex-M3
Shown here is the Multi-Project uvmpw file from the Keil Blinky example: @] Headers
- ) {77 drivers
Two methods you can use to create your own custom project: B divers_contig
a. Copy the Libero created projects into uVision. The *hw_app iy . Coa L — -
project contains an empty main.c. You must add startup files and -84 Cortex-M3 Flash
other code to create a real project. The Main() function is a simple E-E3 CMSIS

startup_m2sxxx.s
system_masxxx.c
b. Use one of the two Keil examples as a template for your own Sou:f;”g;t'c
project. This is the simplest method. A disadvantage is the - [F BN
STAPL file might not be appropriate for your project. The DSP
example was created this way. The DSP example files were moved
from a generic Cortex-M3 processor into the SF2 RTX Blinky M25050T_MS5_CM3_hw_platform.ib
=45 Documentation

example with minimal work. . [] Abstract.txt

while() loop that you can add your own code to.

ibrary Files

Use the Blinky example for a general bare metal template and if you prefer to use t [5 _
. . . E roje: 00kKs {} undctions [] emplates
RTX, choose RTX Blinky. In this way, most of the work is already done for you. B @ cooks | U Functions | 0y Tempite: |

All examples provided by Keil are pre-configured. All you have to do is compile them. You can use them as a starting point
for your own projects.

However, we will start this example project from the beginning to illustrate how easy this process is. The second method above
will be used. We will use the existing source code files so you will not have to type them in. Once you have the new project
configured; you can build, load and run the Blinky example as usual. You can use this process to create any new project from
your own source files created with pVision’s editor or any other editor.

A) Copy existing Blinky files into a new directory called FAE:

1. Using Windows Explorer, got to C:\Kei\ARM\Boards\Microsemi\SF2-DEV-KIT
. Make a copy of the entire Blinky directory and rename it FAE. You can name it anything.
3. Ifyou want to rename your project: now is a good time to do it. Rename everything from
M2S050T_MSS CM3_app.* to your choice. I chose Blinky as in Blinky.uvproj and so on. See below for examples:
4. Do not change the hw_platform filenames. You could, but let us keep things simple for now.

5. Delete all .bak, .dep, BTN.*, LED.* files and the Ist and obj directories if they exist. This
is optional, but cleans up excess files. The Ist and obj directories will be re-created later. e
6. You will have a directory that looks similar to this: ° = jfi
7. This will be located the directory: C:\Kei\ARM\Boards\Microsemi\SF2-DEV-KIT\FAE\ ) crivers, contig
8. Ifyou have any extra files you put there such as sim.ini, you can leave them there. ! hal
9. You can modify the abstract file for your own needs. It is for information only. L Abstract.txt
| Blinky.c
%k Blinky.ini
TIP: You don’t need to delete all the files if you want to learn how to use them. It is interesting iEIink:.uvnpt
to implement the buttons or the leds. They are good examples of input and output routines. & Binky.uvproj
&) M25050T_MsS_CM3.uvmpw
| M2S050T_MSS_CM3_hw_platform.uvopt
& M25050T_Ms5_CM3_hw_platform.uvproj
Next, we will create a new user project in pVision... (£ M2SOSOT_top_fw_skacform.
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B) Create a new project called Blinky from Scratch: continued...

1. Start pVision. Select Project/Open Project and in the directory C:\KeilARM\Boards\Microsemi\SF2-DEV-KIT\FAE
and select M2S050T _MSS_CM3.uvmpw. (don’t select a uvproj by mistake — you want the Multi-Project uvmpw file)

2. wVision will report it can’t find the old project (assuming you renamed it): Click OK. We will fix this soon.

3. Select Project/Manage and select Multi-Project Workspace and this window opens up: (partially shown):

4. Double-click on the 2™ line: M2S050T_MSS_CM3_app.uvpro.

5. Change M2S050T_MSS_CM3_app.uvproj to X
Blinky.uvproj. Use the browse icon if you prefer. ision Project Componerts |

6. Click OK to accept your change and close this window.. Frere—— =

7. In the Project Workspace in the upper left hand of uVision, el AR Boards\icrosemSF2 DEV-KIT\FAE\25050T WSS _CH3__plaforn
Bhnky will now appear. Expand all the folders by CliCking :\Keil\ARM"Boards"\Microsemi\SF2-DEV-KIT\FAE\M25050T _MSS_CM3_app uvproj

on the “+” beside each folder.
Compile the hw_hardware files:
1. Right-click on M2S050T MSS CM3 hw_platform in the project window and set it as the active project.

3. This creates the library M2S050T MSS CM3 hw_platform.lib. It is now in the \obj directory that you deleted before.
Clean up the Blinky.uvproj files:

4. Right-click on Blinky in the project window and set it as the active project. It will take a black highlight.
Right-click on BTN.c and select Remove BTN.c. Click on OK when asked if you are sure.
Right-click on LED.c and select Remove LED.c. Click on OK when asked if you are sure. You do not need these.
Double-click on Blinky.c to open it in the Source windows. Now we will clean this file up.
Near line 19 remove the two lines: #include "LED.h' and #include "BTN.h".
Remove (or comment out) all lines not needed. See the listing on the next page. Note we left the SysTick timer in.
You can remove it if you do not want it. You will probably want to slow the program down with a delay loop.
10. Just before the printf statement add: Delay(500) ;
11. Select File/Save All.

© ® N

TIP: This example will be configured to work with ULINK2/ME. If you have a ULINKpro or J-link, configure it now.
LOAD
2. Program the SmartFusion2 eNVM flash by clicking on the Load icon: ¥# Progress is indicated in bottom left corner.

3. Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode notice appears.

4. Click on RUN. Y our program will now be running.
5. Set a breakpoint on the printf statement and the program should stop here. This is a good test it is running.

6. Ifit does not: click on STOP to see where it is. @ Check for standard programing and configuration errors.

If you have a SF2-DEV-KIT:
7. J198 DB-9 RS232 connector will be outputting the printf statement “Hello World” at 115,200 baud.
8. You can get the SWV working with a Core Clock: set to 100 MHz.

If you have a EmCraft board:
9. Open Target Options and select the C/C++ tab. Enter MICROSEMI _STDIO THRU MMUARTO in the Define: box.
10. P1, the USB plug will be outputting the printf statement “Hello World”. Prep Symbols
11. You can get the SWV working with a Core Clock: set to 166 MHz. Define: [MICROSEMI_STDIO_THRU_MMUARTO

You will be able to add more code and files to this basic template very easily.
This completes creating your own project from scratch.
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Here is the example Blinky.c used in the preceding page:

* Name: Blinky.c
* Purpose: LED Flasher

#include <stdio.h>
#include <M2Sxxx.h>
#include "system m2sxxx.h"

volatile uint32_t msTicks; /* counts 1ms timeTicks */
/>
SysTick_Handler
K e e e e e e e e e e e e e e e e e e */
void SysTick Handler(void) {
msTicks++; /* increment counter necessary in Delay() */
3
/>
delays number of tick Systicks (happens every 1 ms)
K e e e e e e e e e e e e e e e e e e */

void Delay (uint32_t dlyTicks) {

uint32_t curTicks;

curTicks = msTicks;

while ((msTicks - curTicks) < dlyTicks);
3

int main (void) {

SystemCoreClockUpdate(); /* Get Core Clock Frequency */
SysTick _Config(SystemCoreClock / 1000); /* SysTick 1 msec interrupts */

while(1) {

Delay(500);
printf (“"Hello World\n\r");
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3) ARM JTAG/SWD/SWO Adapter Connector Schematics:

For the complete description of CoreSight and the new Hi-Density debug connector search www.arm.com for this document:
DDI0314H. Many customers are now using this new, smaller connector.

Search www.arm.com for cortex debug_connectors.pdf for description of the new Cortex debug connectors including ETM.

Hi-Density connector part numbers can be found here: www.samtec.com/ftppub/pdf/ftsh_mt.pdf.
The 10 pin part number that Keil uses in its boards is Samtec FTSH-105. A 20 pin is available: FTSH-110.
TIP: TRSTN (active low) resets the JTAG TAP module inside the processor. Most better debug adapters do not use this pin.

+3,3V +3,3V +3,3V
=]
JTAG
veg 1 2
TRSTN TRST GNO
101 DI GNDJ
SWIo - MS 1&3- GND_‘
SW CLK = _TCK TCLK _GNO)
RICK RTCK _GnOf |
SWO - _TDO oo _ongf ]
BESET [N RST, a2NO)
[
[N
1920 1
= P11

Legacy JTAG Connector showing location of the Serial Wire signals. Top view.

. Tty

3.3V—— VCC  SWDIOTMS —= B st

O e L e 7

= GND  SWCLK/TCK — e

2 GND SWOTDO —2 —

o | KEY NC/TDI '] 5 RET
(;_\'D-|||—-—- GNDdetect  nRESET :

Cortex Debug

10 pin Cortex Debug JTAG/SWD/SWO connector. Top view.

VTRef {|-@ 1 2 & SWDIO/TMS
GND —@ 3 4 @1— SWCLK/TCK
GND @5 69 SWO/EXTa/TRACECTL / TDO
KEY @7 2 @} NC/EXTb/TDI
GMDDetect —}-@ 2 10 @ nRESET
GND/TgtPwr+Cap —-@ 11 12 @1 TRACECLK

GNDITgtPwr+Cap —|-@ 13 14 @ TRACEDATA[0] /SWO
GND @15 16 @}~ TRACEDATA[1]

GND ® 17 18 @ TRACEDATA([Z]

GND ® 19 20@ TRACEDATA[3]

The pim)m of the ARM high—dcnsit}' 20-pin

Cortex connector. 'l‘op view.

20 pin Cortex ETM Debug JTAG/SWD/SWO/ETM connector. Top view.
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4) Acronym List

BP Break Point

DAP  Debug Access Port

eNVM SmartFusion Flash - embedded nonvolatile memory
ETM Embedded Trace Macrocell

GPIO General Purpose Input/Output

ITM  Instrumentation Trace Macrocell

SWD  Serial Wire Debug

SWV  Serial Wire Viewer

SWO  Serial Wire Output

TPIU  Trace Port Interface Unit

WP Watch Points. They are also called Access Breaks.

Macrocell: A macrocell is a pre-built “black box” of gates used by the chip designer to add a function or peripheral to a
processor. Examples are ETM, ITM and memory. Macrocells can also be thought of as “building blocks”. This is a term used
by chip designers and not end users.

Hardware Design: This is Microsemi’s terminology for the FPGA program. It is similar to a microcontroller project.

5) Overloading the SWO pin:

The Serial Wire Output pin (SWO) is just that — a single bit high speed line that is expected to handle all the data sent to it. A
Cortex-M3 can read and write data much faster than the SWO can process.

Overloads have an X in the Ovf or Dly (overflow or Delay) column in the Trace Records window: but not always. Sometimes
the frames have corrupt, missing or have wrong information and this is easy to spot.

ITM frames with IDs other than 0 or 31 are a sure sign of either overloading or an incorrect Core Clock setting.
Here are some hints on reducing traffic to minimize SWO overruns:
1. Reduce the number of variables in the Logic Analyzer.
2. Reduce the number of items selected in the Trace Configuration window: These include:
a. PC Sampling. Turn this off or increase the Prescaler to reduce the sampling rate.
b. On Data R/W Sample.
c. EXCTRC: Exception Tracing
d. Any Trace Events. (the Counters)
e. ITM Stimulus Ports 31 and 0. (Viewer and RTX Awareness respectively)
Set the Timestamp Prescaler to 1.
Turn the timestamps off. Sometimes this will turn the trace off though. But it is worth a try.
Lower the rate of reads, writes and exception calls in your software.
Turn off the SysTick timer in your software if you are not using it.
Reduce the Range setting in the Logic Analyzer. Sometimes a very large number overloads puVision.
The General Rule is: activate only those SWV features you need.

O 0 =N kW

Using a faster computer can help in some cases. SWV can create a great deal of information that must be processed
quickly. This is especially true where the Logic Analyzer window is concerned.

10. We will be making continuous improvements to pVision to provide you with a better SWV experience.

11. Use a ULINKpro. It uses the SWO pin in Manchester mode which is faster than the UART mode used in ULINK?2 or
J-Link. It can also access SWV via the 4 bit ETM Trace Port and this is even faster.

TIP: If you are seriously overloading the SWO, there will usually be at least some data coming out. pVision recovers easily
and painlessly from data overruns. You are made aware when frames are lost.
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6) Top Seven Reasons why you can’t get SWV working:

Symptoms can range from an inability to enter a known variable in the Logic Analyzer, corrupted trace frames or no
information at all.

1. Core Clock is wrong. This is the number 1 reason. Normally, the SWO speed is derived from the Core Clock speed.
Common speeds at this time with various projects have been 50, 100 and 166 mHz. Recall the ULINKpro calculates
Core Clock: automatically. It uses the figure you enter for certain timing displays.

Periodic Update is not enabled. Your windows update only when the processor is stopped.
3. Trace Enable is not checked.

4. Using JTAG instead of SWD. pVision will complain about this if you try it. SWV needs SWD (or SW) selected if
the UART SWO pin is selected. If using a ULINKpro and the Trace Port is used, JTAG is permitted.

5. SWD speed too high. Try a slower speed. This is not usually the problem.

You have selected too many SWV items and it is seriously overloaded. This effect often manifests itself when you
stop the program and the Trace Records window is updated or a variable in the Logic Analyzer is does not change.

[>]KEIL ULINKZ2
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7) Serial Wire and ETM Trace Summary:
We have three basic debug systems as implemented in SmartFusion Cortex-M3 devices:
1. SWYV and ITM data output on the SWO pin located on the standard JTAG debug connector.
2. ITM is a printf type viewer. ASCII characters are displayed in the Debug printf Viewer in pVision.
3. Memory Reads and Writes in/out the JTAG/SWD ports. The Memory and Watch windows use this technology.
4. Breakpoints and Watchpoints are set/unset through the JTAG/SWD ports.
5. ETM provides a record of the instructions executed.
These are all completely controlled through pVision 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) Pointer problems.

2) Illegal instructions and data aborts (such as misaligned writes). How I did I get to this Fault vector ?

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

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

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

7) 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.

8) 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 ?

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.

AN o e

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

What Kind of Data the Serial Wire Viewer can’t display...
1. Can’t see local variables. (just make them global or static).
2. Can’t see register to register operations. PC Samples records some of the instructions but not the data values.

3. SWYV can’t see DMA transfers. This is because by definition these transfers bypass the CPU and SWV can only see
CPU actions.
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8) Keil Products and Contact Information:

Keil Microcontroller Development Kit (MDK-ARM™)
= MDK-Lite (Evaluation version — 32K code/data limit) $0
= NEW !l MDK-ARM-CM™ (for Cortex-M series processors only — unlimited code limit) - $3,200
= MDK-Standard (unlimited compile and debug code and data size) - $4,895
= MDK-Professional (Includes Flash File, TCP/IP, CAN and USB driver libraries) $9,500

USB-JTAG/SWD 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.

= For special promotional or quantity pricing and offers, please
contact Keil Sales.

The Keil RTX RTOS is now provided under a Berkeley BSD type license. This makes it free.
All versions, including MDK-Lite, includes Keil RTX RTOS with source code ! J—————— re—
Keil provides free DSP libraries for the Cortex-MO, Cortex-M3 and Cortex-M4. |

j S]KEIL

Call Keil Sales for details on current pricing, specials and quantity discounts. e KEIL b
Sales will provide advice about the various tools options available to you. They P IRES Do e
will help you find various labs and appnotes that are useful. Gecsing S .

All products are available from stock.

All products include Technical Support for 1 year. This is easily renewed.

Call Keil Sales for special university pricing. Go to www.arm.com and search
for university to view various programs and resources.

See the Keil Device Database™ on www.keil.com/dd for the complete list of ARM
supported devices. This information is also included in MDK in Target Options.

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

Prices are for reference only and are subject to change without notice.
For Linux, Android and bare metal (no OS) support on Cortex-A processors, please see DS-5 www.arm.com/dsS5.

For more information:

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

Keil Technical Support in USA: support.us@keil.com or 800-348-8051. Outside the USA: support.intl@keil.com.
International Distributors: www.keil.com/distis/ See www.embeddedsoftwarestore.com

For more Microsemi specific information: please visit www.keil.com/microsemi

CMSIS information: www.arm.com/cmsis and forums.arm.com

) St cor ex )
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