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Introduction:

The purpose of this lab is to introduce you to the Atmel Cortex™-M3 processor using the ARM® Keil™ MDK toolkit
featuring the IDE pVision®. We will use the Serial Wire Viewer (SWV) on the ATSAM3S processor. At the end of this
tutorial, you will be able to confidently work with these processors and Keil MDK. Keil MDK supports most Atmel ARM
processors including ETM support. Check the Keil Device Database® on www.keil.com/dd for the complete list of Atmel
support. A copy of the Device Database is included in MDK: in pVision select Project/Select Device for target...

SAMO processors running Linux, Android and bare metal are supported by the ARM DS-5™ toolset. www.arm.com/ds5.

Serial Wire Viewer (SWV) allows real-time (no CPU cycles stolen) display of memory and variables, data reads and writes,
exception events and program counter sampling plus some CPU event counters. ETM is currently available on certain Atmel
ARMO9™ processors. SWV is supported by the Keil ULINK ™2, ULINK-ME, ULINKpro, Segger J-Link (Version 6 or later),
Atmel SAM-ICE Version 6 or later and the new J-Link Ultra.

Keil MDK-Lite™ is a free evaluation version that limits code size to 32 Kbytes. Nearly all Keil examples will compile within
this 32K limit. The addition of a valid license number will turn it into the full, unrestricted version. Contact Keil sales for a
temporary full version license if you need to evaluate MDK with programs greater than 32K. Keil also provides RL-ARM ™.
RL-ARM includes source files for the RTX™ RTOS, a TCP/IP stack, CAN drivers, a Flash file system and USB drivers.
Why Use Keil MDK ?

MDK provides these features particularly suited for Cortex-M3 users:

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

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

Choice of adapters: ULINK2, ULINK-ME, ULINKpro,
Segger J-Link and SAM-ICE (version 6 or later for SWV).

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

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

8. MDK includes support for Atmel ARM7 and ARM9
processors. Keil also supports many Atmel 8051 processors.

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

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

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

Serial Wire Viewer (SWV):

Serial Wire Viewer (SWV) displays PC Samples, Exceptions (including interrupts), data reads and writes, ITM (printf), CPU
counters and a timestamp. This information comes from the ARM CoreSight™ debug module integrated into the Cortex-M3.
SWV does not steal any CPU cycles and is completely non-intrusive. (except for the ITM Debug printf Viewer).

Serial Wire Viewer is accessible with a standard USB adapter such as the Keil ULINK series, Segger J-Link and Atmel SAM-
ICE. No special equipment or software beyond the standard copy of MDK and the USB adapters mentioned above.

g bk~
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Atmel Evaluation Boards:
Keil provides examples for four SAM3 bhoards as listed below.

SAMS3S-EK: This tutorial uses the SAM3S-EK Rev B board. You can use a Rev A board but the blue and green LEDs are
on Port C. Rev B has the blue and green LEDs on Port A. You can easily change the port in the software. USB and LCD
examples are provided. A pre-compiled example is provided for LCD_Blinky. It will be deleted if you attempt to build it
with MDK-Lite. It is a good idea to save the file Blinky.axf. You can load, run and debug this program with MDK-L.ite.

SAM3U-EK: You can use this document with the SAM3U-EK board and others below. You might need to make certain
allowances with the slightly different hardware. The LEDs connect to Port B. USB and LCD examples are provided.

SAM3N-EK: Keil provides Blinky and RTX_Blinky examples.
SAM3X-EK: Keil provides Blinky and RTX_Blinky examples.

Software Installation:

This document was written for Keil MDK 4.20 or later which contains pVision 4. The evaluation copy of MDK (MDK-Lite)
is available free on the Keil website. Do not confuse pVision4 with MDK 4.0. The number “4” is a coincidence.

To obtain a copy of MDK go to www.keil.com/arm and select “Download MDK-L.ite” from the left column.
You can use the evaluation version of MDK-Lite and a ULINK2, ULINK-ME, ULINKpro, J-Link or SAM-ICE for this lab.

The ULINKpro adds Cortex-M3 ETM trace support. ETM is not currently implemented on the SAM3 processor family. The
ULINKQpro can be used with the ATSAMS3 for SWV support and it provides the fastest Flash programming speed available.
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1) Using Various USB adapters: J-Link, SAM-ICE, Keil ULINKs

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

This document will use a ULINK2. You can substitute a J-Link, SAM-ICE or ULINKpro with suitable adjustments..
1) Segger J-Link and SAM-ICE: (SAM-ICE is pictured two pages down)

Serial Wire Viewer is supported by hardware Version 6 or later only. The main difference between V 6 through 8 is
apparently speed so the later the version the better. The version number is printed on the Segger adapters.

Due to the high speed requirements of SWV, the Keil ULINK family currently performs the best. Segger products at this time
have some challenges providing data fast enough for the Logic Analyzer window. | have not yet tested the J-Link Ultra which
reportedly solves these issues. You can exercise the experiments in this document but the Logic Analyzer has some distortion.
The trace window with J-Link or SAM-ICE is different than that used with the Keil ULINK2 or ME. J-Link uses the same
Instruction Trace window as used by ULINKpro. All other display windows are the same as the ULINK2.

USB Drivers: The Segger USB drivers are located in C:\KeilNARM\Segger\USBDriver.

1. Assume the SAM-ICE or J-Link is connected to a powered up Atmel target board, puVision is running in Edit mode
(as when first started — not in Debug mode) and you have selected a valid project:

Select the debug connection to the target: [ . x|

| Lirker Debug | Utiiies |

2. Select Options for Target AN or ALT-F7 and select the Debug tab. In
P g g & Use: [Conentt/A JLINKA Traze ] Setiings |

the drop-down menu box select the J-Link as shown here:
3. Select Settings and the next window below opens up. This is the

| v Load Application at Startup % Fun to main()

control panel for the J-Link. x
. InPort: select SW. SWV will not work with JTAG. Oebug | Teoe | Fish Downood]|
[d-Link #J-Trace Adapter S Devic:
5. Clicking on Auto CIk will select the highest JTAG speed s [esmonizr =] usefo =] IDEGDE ] DeveeNane —

1 H H H H Beiee GAM-ICE SWD | @ 0:2BATI477  ARM CoreSight SW-DP il
possible. If debugging or Flash programming operation is e [ 8 [V =
unstable, select a lower speed. The Flash programming P [TwtemoEe —

- - - ‘ot ax Cloc % futomatic Detection | EODE
speed is affected the most by this setting. o S| o 21| | Eheim i) e
6. Inthe SW Device area: ARM CoreSight SW-DP MUST e el las ] e
be displayed. This confirms you are connected to the ~Detug
. . R Connect & Reset Options [ Cache Options | | Dawnload Options
target processor. If there is an error displayed or it is [cmtwm S rr— (E Cric (F ot i
- . . et alter Canrect [ Cache Meman ownioad to Flast
blank: this must be fixed before you can continue. Check . ece st orvec ’
the target power supply. Cycle the power to the J-Link e | Hi
and the board. No number in the SN: box means pVision o ﬂ“ﬁ;:'é“u Sl ] |||
is unable to connect to the J-Link via USB. — Pl || e
TIP: To refresh this screen select Port: or click OK once in order
to leave and then reenter this screen. I [
Configure the Keil Flash Programmer: ]
7. Click on OK once and select the Utilities tab. D [T s
i~ Download Function RAM Ffor Algorithm
8. Select the J-Link similar to Step 2 above. o il A { o [T o T
R R R .  DonotErase [ Reset and Fiun
9. Click Settings to select the programming algorithm. ———
10. Select Add and select ATSAMS3S Flash if necessary: T —

11. If using a SAM3U device select ATSAM3U Flash.
12. Confirm Start = 0x2000_0000 and not 0x0020_0000
13. Click on OK once.

Start: | 000400000 Sizer |0x00040000

Add Remave
TIP: To program the Flash every time you enter Debug mode,
check Update target before Debugging.
14. Click on OK to return to the pVision main screen.
TIP: The Trace tab is where you configure the Serial Wire Viewer
(SWV). You will learn to do this on pages 6 and 10. o Jl e SA
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2) Keil ULINK2 or ULINK-ME:

Serial Wire Viewer is completely supported by these two adapters. They are essentially the same devices electrically and any
reference to ULINK2 here includes the ME. The ULINKpro, which is a Cortex-M3 ETM trace adapter, can be used like a
ULINK2 or ULINK-ME. The ETM trace will not display as current SAM3 processors do not have ETM trace capabilities.

1. Assume the ULINK?2 is connected to a powered up Atmel target board, pVision is running in Edit mode (as it is when
first started — the alternative to Debug mode) and you have selected a valid project.

Select the debug connection to the target:

| x|
2. Select Options for Target &N or ALT-F7 and select the Debug tab. | Linker Debug | Utities |
In the drop-down menu box select the ULINK as shown here: & Use: [LINK Cartes Debugger B[ |
3. Select Settings and the next window below opens up. This is the
control panel for the ULINK 2 and ULINK-ME (they are the same).

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

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

TIP: To refresh this screen select Port: and change it or click x
OK once to leave and then click on Settings again. Debug | Trace | Flash Donrioa]
. . ~ULINK USE - JTAG/SW Adapter SW Devics
TIP: You can do regular debugging using JTAG. SWD and ol Nos [FIOTROE =] DCODE | Deviee Name I Have
JTAG operate at approximately the same speed. ULINK e IR | |10 @ U2BATIATT - ARM Coresiott Sw OF [
. i Dievice Family: [Cartes M

Configure the Keil Flash Programmer: Finwes Vorson: (140 PO e ————

6. Click on OK once and select the Utilities tab. Pisw) Pot[sw TE ||| € e Corfywetin  Devce Ron=

i i Max Clock: | 1MHz vl Add I Daletel Updalal IH e
7. Select the ULINK similar to Step 2 above. o
. . . . Con?’vect&ﬁesettlp\ i Cache Options Download Options
8. Click Settings to select the programming algorithm. (cmm Moma =] Reset[ptodoors =] [E cmcudﬂ [ﬁ iy ColoDovrioad
W G e e v Cache Memary Download ta Flash

9. Select Add and select ATSAMS3S Flash as shown:

10. If using a SAM3U select ATSAM3U Flash.

11. Confirm: Start = 0x2000_0000 and not 0x0020_0000

12. Click on OK once.
TIP: To program the Flash every time you enter Debug mode, x|
check Update target before Debugging. Debug | Tisce Flash Download |

. - . i~ Download Function——————————————————————————  ~ R for Algorithm
Click on OK to return to the pVision main screen. Sy EeFolCho ¥ Progan ’
Fi % Erase Seclors [V Werify Start: |0x20000000 Sizer |0x0800
13. You have successfully connected to the SAM3 target fedoorcle BT [hoselodtig
i~ Programming Algorithm

TIP: The Trace tab is where you configure the Serial Wire B [ DevcoTip | DoveoSee | Addmssfonge |
Vlewer (SWV). YOU Wi” Iearn '[O dO thIS Iater. ATSAMIS Flash Orechip Flash 256k 00400000H - O043FFFFH

Start |[IxEI[I4EII]EI[IEI Size: | 0x00040000

Add Remove: |

3 Cancel | Help
Keil ULINK-ME

ULINK?2 is pictured on page 1. They are essentially electrically and functionally the same.

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.
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3) Keil ULINKpro:

In the Options for target in the Debug tab, select ULINK Pro Cortex Debugger as shown below.

In Settings, it is configured the same as a ULINK.

Select the Utilities tab and select the ULINKpro as done before and select the programming algorithm.
Confirm Start = 0x2000_0000 and not 0x0020_0000. Do not include the underscore.

A

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

TIP: A ULINKpro will act very similar to a ULINK2. The trace window [ s X
(Instruction Trace) will be quite different from the ULINK2 Trace Records. Linker Debug | Utiies |

TIP: A ULINKpro must use “Serial Wire Output Manchester” as found in the | & use: [QLINK Fro Corten Debugger 7] Setings |
Trace tab if trace is enabled or an error will be generated. A special adapter is
provided with a ULINKpro to connect to the target standard JTAG connector. |

This small adapter is pictured below plugged into the SAM3S-EK JTAG connector.

TIP: A ULINKpro can be used to debug an ARM7 or an ARM9 but ETM trace will not be visible. ARM7 or
ARMO processors do not have SWV. Keil uses a Signum Systems JtagJetTrace for ARM9 ETM support.

TIP: uwVision windows can be floated anywhere. You can restore them by setting Window/Reset Views to default.

Keil ULINKpro
An ETM trace adapter that

can be used as a ULINK2.

It has very fast Flash
programming and an enhanced
Instruction Trace window that
connects the trace frames to
your source code.

Segger SAM-ICE
Equivalent to a Segger J-Link. (black case)

Serial Wire Viewer is supported in
hardware Version 6 or later.

Segger also has a new J-Link Ultra.
It is configured the same way as the J-Link.
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2) Serial Wire Viewer (SWV) Configuration with ULINK2 or ULINK-ME:

The essential place to configure the trace is in the Trace tab as shown below. You cannot set SWV globally for pVision. You
must configure SWV for every project and additionally for every target settings within a project you want to use SWV. This
configuration information will be saved in the project. There are two ways to access this menu:

A. In Edit mode: Select Options for Target &N or ALT-F7 and select the Debug tab. Select Settings: on the right side
of this window and then the Trace tab. Edit mode is selected by default when you start pVision.

B. In Debug mode: Select Debug/Debug Settings and the select the Trace tab. Debug mode is selected with @

x|
1) Core Clock: The CPU clock speed for Detug T20® | Flash Download|

SWV. The CPU Spee_d can be found in 1 Core Elock:l £4.000000 MHz 2 ¥ Trace Enable
your startup code. It is usually called ~ _
Trace Port T tamp: Trace Events
SYSCLK. ~ ISeriaI Wire Output - UBFT/NFZ =] ? ¥ Enable Prescaler: m [T CPI: Cycles per Irstruction
2) Trgce Enable: Enables SWV and ITM. S0 Clock Prescaler: [ 55 Pev— :: ETIEEE?ZT:;IDE o:leershead
This does not affect the Watch and [ Autodetect A Prescaler [102676 = - een T
. . 102416 ™ LSL: Load Stare Unit Cycles
Memory window dISp|ay quates. Swi E:IDCI‘:I 1163636 MHz [™ Periodic  Period: Im [~ FOLD: Folded Instructions
It can Only be Changed In Edlt mode. ™ onData B Sample [~ EXCTRC: Exception Tracing
3) Trace Port: This is preset. B 17M Stimuis Pt a b
. . il Port 24 23 Part 16 15 Port 8 7 Port 1]
4) Tlmestamps: Enables timestamps and Enable: |0sFFFFFFFF VvVIVIvVIvIY MVIVIvIVIVIV VIvIVIVIVIVIVY PIVIVIVIVIVIVIV
selects the Prescaler. 1 is the default. Frivilege: [0::00000008 Part 31.24 [ Fort 23.16 [~ Fort15.8 [~ Fort 7.0 [~
5) PC Sampling: Samples the program
Counter. | oK I | e I

a. Prescaler 1024*16 (the

default) means every 16,384" PC is displayed. The rest are not collected.
b. Periodic: Enables PC Sampling.

On Data R/W Sample: Displays the address of the instruction that caused a data read or write of a variable
in the Logic Analyzer. This is not connected with PC Sampling but rather with data tracing.

6) ITM Stimulus Ports: Enables the thirty-two 32 bit registers used to output data in a printf type statement to
MVision. Port 31 (a) is used for the Keil RTX Viewer which is a real-time kernel awareness window. Port 0 (b) is
used for the Debug (printf) Viewer. The rest are currently unused in pVision.

e Enable: Displays a 32 bit hex number indicating which ports are enabled.
e Privilege: Privilege is used by an RTOS to specify which ITM ports can be used by a user program.

7) 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 Instruction Trace 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.

TIP: Counters will increment while single stepping. This can provide some very useful information.
TIP: If you have any lockup problems with a ULINK2 or ULINK-ME when using SWV, and these

problems disappear when SWV (Trace) is not enabled, your laptop might have some USB port speed issues.
Desktop computers are not affected or you can add an external USB PCMCIA card to a laptop.
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3) Blinky example program using the Atmel SAM3S-EK and ULINK2:
Now we will connect a Keil MDK development system using real target hardware and a ULINK2 or ULINK-ME.
1. Connect the equipment as pictured on the first page.

Start pVision by clicking on its desktop icon. ﬁ
Select Project/Open Project. Open the file C:\KeilARM\Boards\Atme\ATSAM3S-EK\BlinkyB\Blinky.uvproj.

4. Make sure you selected BlinkyB and not Blinky. Make sure “SAM3S Flash” is selected. SAMSS Flash .

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

5. Configure your USB-JTAG adapter at this point if you are not using a ULINK2. ULINK2 is selected by default. See
pages 3 through 5. Make sure SW is selected and not JTAG in the Port: box. This is an important step.

LOAD

7. Program the SAM3S flash by clicking on the Load icon: ¥#* Progress will be indicated in the Output Window.

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

9. Click on the RUN icon. El Note: you stop the program with the STOP icon. D]
The LEDs on the SAM3S-EK will now blink.
Now you know how to compile a program, load it into the ATSAM3S processor Flash, run it and stop it.
4) Watch and Memory Windows and how to use them:

The Watch and memory windows will display updated variable values in real-time. It does this through the ARM CoreSight
debugging technology that is part of Cortex-M3 processors. It is also possible to “put” or insert values into these memory
locations in real-time. It is possible to “drag and drop” variables into windows or enter them manually.

Watch window:
1. Stay in Debug mode. You can do the following steps while the CPU is running. Click on RUN if needed.
In the file Blinky.c locate the global variable count. It will be near line 15.

2
3. Open the Watch 1 window by clicking on the Watch 1 tab as shown or select View/Watch Windows/Watch 1.
4. InBlinky.c, block count, click and hold and drag it into Watch 1. X

Name alue

Release it and count will be displayed updating as shown here: == | ¢ aamrequency o0n £4000000
. .. . . - count 0+00000005
TIP: Make sure View/Periodic Window Update is selected. * cdouble-click or F2 1o adh
5. You can also enter a variable manually by double-clicking or Awaten1 [EMemon1 |

pressing F2 and using copy and paste or typing the variable.

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

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

Memory window:
1. Drag ‘n Drop count into the Memory 1 window or enter it manually. Select View/Memory Windows if necessary.

2. Note the value of count is displaying its address in Memory 1 as if it is a pointer. This is useful to see what address
a pointer is pointing to but this not what we want to see at this time.

3. Add an ampersand “&” in front of the variable name and press Enter. The physical address is shown (0x2000_0004).
4. Right click in the memory window and select Unsigned/Int. E
5. The data contents of count is displayed as shown here: c———————Tr DA:dmmlzmt T T IR TTE T O TIT T D:I
6. Both the Watch and Memory windows are updated in real-time. D2090001C+ 0000000 000DODD DHO000E =
TIP: No CPU cycles are used to perform these operations. See the next page. e |
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How to view Local Variables in the Watch or Memory windows:
1. Make sure Blinky.c is running.
Locate where the local variable num is declared in Blinky.c near line 29, at the start of the main function.

2
3. Drag and Drop num into Watch 1 window. Note you are unable to accomplish this.
4. Double-click in the left margin, somewhere past the for (;;) loop in D) Aottt ) [ sinkye | 0 AmisauBstn | O core.cni | -

PIOA->PIO_PUDR ((1<<20] | (1<€19)];
PIOA->PIO_OUWER ((1<<20] | (1<€19)];

main to set a hardware breakpoint such as at line 47 shown here:

5. The program will stop and you can now enter num into Watch 1.
Remove the breakpoint by double-clicking on it to remove the red

for i::) ! 7/#* Loop forew

num = nurm;
if (count > 10) [eount = 0);

block. | |
?IOC—>PI?;CODR = [lf:ZDJ; _ e . /: I.'Zd LE

TIP: You can set hardware breakpoints on-the-fly in the Cortex-M3 ! oree Plonsrho oo o zam Lygiif
»

6. Run the program and note num value displays as ?????????.
7. Stop the program and it will probably stop in the Delay function. num now displays as <out of scope> or ???????7.

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

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

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

11. num correctly displays the value as shown here: e———— Name Vohie

"SpstemFrequency, Dxlé E4000000

12. Each time you click RUN, these values are updated. ool P

S o
‘- ¢double-click o F2 to add>

Watch 1 o x

How to view local variables updated in real-time:
All you need to do is to make num static !
1. Inthe declaration for num add static like this:

int main (void) {
static int num = 1;
Exit debug mode. TIP: You can edit files in edit or debug mode, but can compile them only in edit mode.

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

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

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

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

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

8. Stop the CPU and exit debug mode for the next step. D] and @
TIP: View/Periodic Window Update must be selected. Otherwise variables update only when the program is stopped.

How It Works:

pVision uses ARM CoreSight technology to read or write memory locations without stealing any CPU cycles. This is nearly
always non-intrusive and does not impact the program execution timings. Remember the Cortex-M3 is a Harvard architecture.
This means it has separate instruction and data buses. While the CPU is fetching instructions at full speed, there is plenty of
time for the CoreSight debug module to read or write values without stealing any CPU cycles.

This can be slightly intrusive in the unlikely event the CPU and uVision reads or writes to the same memory location at
exactly the same time. Then the CPU will be stalled for one clock cycle. In practice, this cycle stealing never happens.

8 Copyright © 2011 ARM Ltd. All rights reserved
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5) RTX_ Blinky Example Program with Keil RTX RTOS: A Stepper Motor example

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

Start pVision by clicking on its icon on your Desktop if it is not already running.
Select Project/Open Project.
Open the file C:\KeilNARM\Boards\AtmeNATSAM3S-EK\RTX_Blinky\Blinky.uvproj.

If you are not using a ULINK2 or ULINK-ME, you now have to configure uVision for the adapter you are using.
You only have to do this once — it will be saved in the project file. You can also make a new target configuration.

H NP

ATSAM3S -EK Demo

will compile with no errors or warnings. Apol Soh o AT
Lo RTX Bl inky

6. To program the Flash manually, click on the Load icon. ##. A progress www . keil . com
bar will be at the bottom left.

o @) . 000® @
7. Enter the Debug mode by clicking on the debug icon and click on the

RUN icon.

8. The LCD display will indicate the four waveforms of a stepper motor
driver changing. Click on STOP o

The Configuration Wizard for RTX:

1. Click on the RTX_Conf_CM.c source file tab as shown below on the left. You can open it with File/Open.
2. Click on Configuration Wizard at the bottom and your view will change to the Configuration Wizard.
3. Open up the individual directories to show the various configuration items available.
4. See how easy it is to modify these settings here as opposed to finding and changing entries in the source code.
5. This is a great feature as it is much easier changing items here than in the source code.
6. You can create Configuration Wizards in any source file with the scripting language as used in the Text Editor.
7. This scripting language is shown below in the Text Editor as comments starting such as a </h> or <i>.
8. The new pVision4 System Viewer windows are created in a similar fashion. Available Q4 2010.
/ RTX_Conf_CM.c ] - X | Blinky.c RT¥_Conf_CM.c ] v %
091 #ifndef 0S5 TICK = vpan ollapse | el
082 #define O3_TICK 10000 3 Bt || | Colber hiEh
083 #endif Option ‘ Value
084 “Task Definitions
085 /S </h> .- Number of concurrent running tasks 7
086 // <=>Round-Robin Task switching Mumber of tasks with user-provided stack a
1l —— _ é--Taskstacks\ze [bytes] 200
088 // <i> Enable Round-Robin Task switching E"Chec_kfm t_he stack overfiow =
083 #ifndef 0S_ROBIN :””L“ ””‘F’"Ege‘jtm”da L_
03 #define OS_ROBIN L | Syt T Coiurt
031 #endif Timer clock value [Hz] 72000000
032 . Timer tick valuz [us] 10000
093 Round-Robin Task switching v
034 W - Round-Robin Timeout [ticks] 5
035 sy <i» Default: §
095 #ifndef O5_ROBINTCUT
097 #define 05 _ROBINTCUT 5
J;ﬁﬂ fenddl _'IJ Text Editor }\conﬁguralinn Wizard
%, Text Editor 4, Configuration Wazano
Text Editor: Source Code Configuration Wizard
9 Copyright © 2011 ARM Ltd. All rights reserved
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6) RTX Kernel Awareness using Serial Wire Viewer

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

companies also provide awareness plug-ins for pVision.

1. Run RTX_BIlinky again by clicking on the Run icon.

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

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

RTX Viewer: Configuring Serial Wire Viewer (SWV):
We must activate Serial Wire Viewer to get the Event Viewer working.

1. Stop the CPU and exit debug mode. o @

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

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

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

Click on the Trace tab to open the Trace window.
Set Core Clock: to 64 MHz and select Trace Enable.
Unselect the Periodic and EXCTRC boxes as shown here:

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

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

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

© N oo

10.
11.
12.
13.

Click on the Event Viewer tab.

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

TIP: View/Periodic Window Update must be selected !

TIP: To find the Core frequency open the file System_SAMS3S.s and
install the global variable SystemFrequency(near line 313) in the Watch
window.

Cortex-M3 Alert: The ATSAM3 will update all RTX information in
real-time on a target board due to its Serial Wire Viewer and read/write
capabilities as already described.

You will not have to stop the program to view this data. No CPU
cycles are used. Your program runs at full speed. No instrumentation
code need be inserted into your source. The Event Viewer uses the
ITM Stimulus Ports which is slightly intrusive. You will find feature

BT Torsden smned Sypste

Tiener Number: .IZ |
Tk Taver: 10,000 e
Rinund Rohin Timeout: .Sﬁ.fIT-m‘\H
'.kad".r__e: .;‘}J
Susch velh Usem-paavided Stk 0
Sack Croerfins Check: Lves
Tk Usage- _i-—aﬂab-e 7, Used: &
User Tarers: Arvslatie: 0, Lie: 0
[ERE 0 e Py e Celsy  LvertVahie Lverk Mask  Stack Load
75 |os_ide_senen 0 Fasrir o
led 1 [ | £
o .mcl. 1 .\-\‘ﬂ AN :Jﬂ.l.l.l.‘ .l?\‘J]LIJ | J;.'!‘o
5 |phme0 1 wat v N 000 (00001 |40
4 |phaec 1D | Wat_abiy Mitn | 00l | T
3 |phased 1 Wt AND T |0 Tw
2 s T R oo oo
@evint | BT Tashs ol System |
x
Debug | Trace | Flash Download |
- ULINK USB - JTAG/SW Adepter —| -5W Devi
Seisl Ho: [\1447T3E = IDCODE |_Device Name [ e
SWDI0| @ 0:28501477  ARM CoreSight SW/-OP
UILINK Versior: [OLINKZ O e |
Deviee Famib: [Cortextt Do)
Fimusate ersion: [11.37 & hutamatic Detection oeooe [
W swi  Pon: | ~ € Manudl Configuration— Device Name:
Mak Clock: [1MHz = Add | [Deleie || Update| 1Rl
- Debug
Connect’ResstOptions | Cache Oplions——| - Dowrload Options
Connect: | Normal x| Resst[HwRESET x| | | ¥ Cache Code [¥ Veify Code Dowrload
| Floset after Connect ¥ Cache Memory | | [ Downloadto Flash
X
Debug Trace |F\asthwn\nad|
Core Clack: | 54.000000 MHz ¥ Tiace Enable
~Tiace T p Trscs E
Seial Wie Output - USRT/NFZ. T ¥ Enable  Prescaler[1 > I~ CPI: Cycles per Instuction
SWO Clock Prescaler: [ 55 PC Semplng———————————— [ BXE Bl aoeticad
I~ SLEEF: Slesp Cycles
¥ Autodelect Prescaler [102416 =
I~ LSU: Load Store Unit Cycles
w0 Clack | 1183636 MHz | | = perigde Peroct [<Disableds | | [ FOLD: Folded Instiuctions
I~ onDataRéW Sample I~ EXCTRC: Exceplion Tracing
- ITM Stimulus Por
3 Pot 242 Pt 15615 Pt B 7 Fat D
Enable: [LFFFFFFF | DRe TR ¥ PP T NV I
Privilege: [000000008 Pot3l2é ¥ Poit23.16 [ Port15.8 I Part 7.0 [

C - LT R R ]

Min Tirre: 0L4GG0SS5 &

L]
phased
phaet
phasel

'
'
' o

Cio) N A A L S
"
1

Maw Tiena: SO7. 3405 &
o [

clock R I
e
de

10 0000 o

very useful ! You can use a ULINK2, ULINK-ME, ULINKQpro, J-Link or SAM-ICE for RTX Kernel Awareness windows.
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7) 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 ATSAM3. RTX_BIinky 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 Task1 through Task4 in Blinky.c as 008 | #define LED D o
shown below: phasea=1; and phasea=0; :the first two lines are shown 029 | #define LED_CLKE  LED_1
added at lines 081 and 084 (just after LED_On and LED_Off function g;” incioned int ohaseas
calls). For each of the four tasks, add the corresponding variable 030 msiﬁed int ﬁhaseb;
assignment statements phasea, phaseb, phasec and phased. 033 | unsigned int phasec;:
4. We do this because in this simple program there are not enough suitable ggg uneigned int phased:
global variables to connect to the Logic Analyzer. 036 | /%o m oo
TIP: The Logic Analyzer can display static and global variables, structures and gg; M Function 'signal_rfu
arrays. It can’t see locals: just make them static. To see peripheral registers merely
read or write to them and enter them into the Logic Analyzer.
Lo s
. . 075 * Task 1 'phased': Pk A tput
5. Rebuild the project. Program the Flash ##. e LT T
077[-]__task void phaseli (void) {
6. Enter debug mode @ Uip g for (f0) %
079 os_evt_wait_and (0x0001, Oxffff); P
. . 020 LED On (LED A4j;
You can run the program at this point. 081 phage: -1, —
Open View/Analysis Windows and select Logic Analyzer or . Trh ofEiien ay -
. - =0; —
select the LA window on the toolbar. 32; ; phaseat
086 | }

Enter the Variables into the Logic Analyzer:

9.

10.
11.

12.
13.
14.
15.

Click on the Blinky.c tab. Block phasea, click, hold and drag up to the Logic Analyzer tab (don’t let go yet!)
When it opens, bring the mouse down anywhere into the Logic Analyzer window and release.
Repeat for phaseb, phasec and phased. These variables will be listed on the left side of the LA window as shown.

Now we have to adjust the scaling.

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

Click on Close to go back to the LA window.

Using the All, Out and In buttons, set the range to 2 seconds. Move the scrolling bar to the far right if needed.

You will see the following waveforms appear. Click on Stop. Select Show Info and Cursor. Click to mark a place
See 152 s below. Place the cursor on one of the waveforms and get timing and other information as shown in the

inserted box labeled phaseb by hovering over a location:

Logic Analyzer 2 x
Min Tme  Max Time Grid Zoom Code | Setup Min/Max | Update Soreen| Transtion | 1 g ye
Save .||[21.33915s 16568125 [ 25  |[in |[Oct|[A0 ]| [Show || Ade ][ Undo || [ Sep | I Show Cycles ¥ Cursor
3 : | : : | : : : ol : : | :
3 : i : : i : : : Sl : : i
& : I : - 3 - : : - 3 - : 3
] : 3 : : : : : | : : : : : 3
T o
z : : : : : : : : : : : : :
= ! . : : : .
ol L L L [ e N I N
I 3 ' phaseb ‘ ' ' ‘
g : Mouse Pos Reference Point  Delta ‘ : : : :
= ! Time: 1578412 5 13518125 2266 5 = 0.044131 Hz ‘ ! H ! i
B —F_LVa\ue: 1 o 1 u_l:l_._r_‘ |
o : BCS: N/A N/A 0 d: : H :
H T R | !
3 : : : : : : : : : : : :
3 S S
i i e |
8y B IR B B ool |
3635125 15288125 msamfs
‘ v
@Di:as:':ml)l,- \ ﬂLog\cAnalyzer

TIP: You can also enter these variables into the Watch and Memory windows to display and change them in real-time.
TIP: The J-Link and SAM-ICE are challenged by the high SWO data rate. Some blocks are slightly shorter than others.
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8) Serial Wire Viewer (SWV) and how to use it:
1) Data Reads and Writes: (Note: Data Reads but not Writes are disabled in the current version of yuVision).

Currently, March 2011, the display of data read, write and ITM trace frames are not implemented in the J-Link or SAM-ICE.
You have configured Serial Wire Viewer (SWV) in Section 6 under RTX Viewer: Configuring the Serial Wire Viewer:

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

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

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

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

4. The ITM frames are the data from the RTX Kernel
Viewer which uses Port 31 as shown under Num.
To turn this off select Debug/Debug Settings and
click on the Trace tab. Unselect ITM Stimulus Port
31. TIP: Port 0 is used for Debug printf Viewer.

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

Click on the RUN icon.

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

© ® N oG

10. Only Data Writes will appear now.
TIP: You could have right clicked on the Trace
Records window to filter the ITM frames out.

What is happening here ?

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

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

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

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

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

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

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

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

- -
Records
Exreptions
Counters
x|
Type [ 0w tum |  Addess [ Dala | FC [Op]  Cyoles [ Timels =
Diata iite 20000028H  00DDOOOTH 10730759 166173077
1T DEH 107E1243 16617817
ITH kil FFH 107644597 1EHI9EIE2
ITH 3 OEH 112736753 1 75151238
ITH 3 FFH 112760297 1 7617z
ITh 31 3 139616315 215151430
ITh 3 zH 139617433 215152342
Data e 200000244 000DODOIH 133630790 21517309
ITH 3 DEH 139630955 2181 78E
ITH 3 FFH 129644633 218194739
ITH il DEH 144736793 226151239
ITH 7 FFH 144750297 226172339
ITH kil 0H 1FIEIE793 2EE151239
ITH 3 M 1FIEI7361 2 BR152127
Dk Wit 20000020H (O00N0T H 1FIEANTH 2 BE1 FA0EN
ITh 3 OEH 1FIE31245 2 BE1 FaR2
ITH 31 FFH 171644593 2 BE195155
ITH 3 DEH 176736793 276151239
ITH 3 FFH 176750297 276172339
1T i 04H 20316915 EXGETE TS
zl
Tupe [oviltum[ Addess |  Data | PC_ [Dpl  Cycles [ Timel |l
Data Wite 200000ZEH  OOODDDOOH  OD4DO7MH % 1483631384 2318174787
Data wite 20000030H  ODODDDOTH  ODMOD7ESH % 1515630VES 2388173077
Datawirite 2000002CH 00000000H 004007CEH % 1547631844 2419174756
Data Wite JN0NNZ4H  OOOODOOTH  ONAODZ4EH % 1679630773 24 B3173082
DalaWite 20000030H  OOODDDOOH  (H0007FEH TETIEI0FEE 2519173103
Data it 20000025H  ODODDDOTH  ODMOO7EOH ¢ 1B43630VES 2560173077
Diata Wi SONONNZ4H OOOODODOM  (ONAONZE2H > 1G7SG3I8B3 2619174700
Data Wite ANOONZCH  OOOOOOOTH  ONAOD7E2H % 1707630771 2663173080
Data wite 20000023H  ODODDDOOH  ODMOO7MH % 1739671839 2718174748
Datawirite 20000030H 00000001H 004007E4H % 1771630769 2768173077
Data Wite SINONNZCH  OOOODODOH  (ONMODZCRH > 1BD3R3OVER 2818173103
DataWite 200000244 0OODDDOTH  ODMOD74EH % 1835630V7E 28.68173088
Diata wite 20000030H  OOODDDODH  0MO0O07FeH TEEFEI0FO3 2218173099
Symbols =
task: I [™ Case Sensitive
Marne Address Type I e
+-P5d Peripheral Registers
=B Elirky &pplication
-7 Runtime Library
=[] Blinky Madule
e O 2 i3] of wit
|y phazes 0x20000024
- g phaseb 0x20000022
o g phasec Dx2000002C
wi i  phazed 020000030
- (200000
P tled C20000020 Uik -
JESymboIs Event Viewer | RTX Tasks and 5ystem |

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

The ATSAM3 family using the Cortex-M3 processor has many interrupts and it can be difficult to determine when they are
being activated. SWV on the ATSAM3 family makes this easy.

Open Debug/Debug Settings and select the Trace tab.

Unselect On Data R/W Sample, PC Sample and ITM Ports 31 and 0. (this is to minimize overloading the SWO port)

1.

o > wn

S

Select EXCTRC as shown here:
Click OK twice.

The Trace Records should still be open. Double
click on it to clear it.

Click RUN to start the program.

Debug Trace |
Core Clack: | £4.000000 MH=z
i~ Trace Port

¥ Trace Enable

X

SW/0 Clock Prescaler: ]

Serial Wire Dutput - UART/HRZ |

Timestamps
’V ¥ Enable

Prescaler: |1 'l

Trace Event

™ CPI: Cycles per Instruction
™ EXC: Exception overhead
I~ SLEEP: Sleep Cpcles

H - P [V Autodetect '|102=l*18 'I ]
You will see a window similar to the one below S Clock [ 7163638 M ,_ R Ve :: tsz}°ad5‘°m§;2§nz'es
with Exceptions frames displayed. on Data Fi/u? Sgnple ¥ EXCIRC Exseption Tracing [
What Is Happening ? ~ITM Stimulus Por
- IW Port 24 23 Port 16 15 Port 87 Pt
1. You can see two exceptions happening. — g g gl i e e e e
Privilage: nxunnnnnna Poit 31.24 [ Port 23.16 I~ Port 15.8 [~ Port 7.0
= Entry: when the exception enters.
= Exit: When it exits or returns.
= Return: When all the exceptions have returned
and is useful to detect tail-chaining.
) Trace Records x|
Num 11 1S Svca” from the RTX ca”S Type | val Numl Address | Data | PC | Dl_l,ll Cycles | Time[s ;I
H H H E tion Enb 15 1163020638 181721984
Num 15 IS the SyStICk timer. E:E:Et:g: E::il[-|r| 15 1163020952 1817220238
Exception Retun a X 1163022877 1817223245
In my example you can see one data Exesption Enlry 15 1163060692 1816219841
. - Exception Exit 15 1163661343 1818220848
write from the Logic Analyzer. Eception Return 0 X 1163E4SD7 1818225792
A : : Except!nn Fetun 1} X 1163664507 1818225752
Note everything is timestamped. EvcopionExi. i Hesrse 1 Taedzom
ITAVALIEH - E tion Fieh " 1163680402 1815250628
The “X in Ovf is an overflow and Damwirte 200000244 DDODDODOH % 11636E0402 1818250628
[13V41E E tion et b3 * 1163680402 1818250628
some data was lost. The “X” in Dly Evoepiion Entry 17 1163686581 1818263408 —
i E tion E it b 1163688706 1818263603
means the tImGStampS are d_elayed i EZEZEJEE R 0 % 11631952 1318268675
E tion Fe X 1} X 1163691952 1818268675
?egause I:Oosnv]\;jéh I_nformatlon 1S belng E:E:Et:g: E;;m 158 1164300633 1813219541
E tior Exit 15 1164300358 1819220247
ed out the pln' E:E:Et;g: Hglum 1] " 1164302832 1819223263
TIP The SWO pln |S one pln on the COI"[EX-M3 Exception Entry 18 1164340633 1820219541 ;I
family processors that all SWV information is
fed out. There are limitations on how much information we can feed out this one pin. These exceptions are happening at a
very fast rate.
v | Records
1. Select View/Trace/Exceptions or click on the Trace icon and select Exceptions. 7] excepions
Counters
2. The next window opens up and E
more Informatllon abOUt the Nurm | Name I Count | Total Time: I Min Time In | Max Tlmelnl Min Time Elutl Max Time Elutl First Tirne [3] | Last Time [s] -~
exceptions is displayed as shown. CR ! b
. 4 Membd anage 0 0=
3. Note the number of times these 9 Bufak 0 0:
have happened under Count. This }; g\é%ﬂ 2101 333;35 us 161us  16292us  55597us  559492ms  0S7E41921 2653314124
- - - - gron k3
is very useful information in case 14 PendsV 0 0s
- 15 SusTick 2564 14.045 ms 4.056 uz 7597 us 9.992 ms 9.996 ms 0.98642844 26.61642836
interrupts come too fast or slow. 16 EsROD 0 0s
17 ExtRO1 0 Oz
4. ExtIRQ are the peripheral 15 EaAn s g o
interrupts. - I
. A I L il 0s
5. You can clear this trace window by 12 Ewraz 0 0s Bl
double-clicking on it.
6. All this information is displayed in real-time and without stealing CPU cycles !

TIP: Num is the exception number: RESET is 1. External interrupts (ExtIRQ), which are normally attached to peripherals,

start at Num 16.

For example, Num 41 is also known as 41-16 = External IRQ 25. Num 16 = 16 — 16 = ExtIRQ 0.
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3) PC Samples:
Serial Wire Viewer can display a sampling of the program counter.

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

1. Open Debug/Debug Settings and select the Trace tab.
2. Unselect EXCTRC, On Data R/W Sample and select Periodic in the PC Sampling area.
3. Click on OK twice to return to the main screen.
4. Close the Exception Trace window and leave : -
. Type | val Murmn | Address | Data | FC | Dy | Cycles | Timnels] ﬂ
Trace Records open. Double-click to clear FC Sample 004005E2H 6035632109 1344.30397045
. PC Sample 004005E2H SE0IGA64493  1344.31022645
It. PL Sample 004005E2H 6035870877 134431048245
) ) ) PL Sample 004005 2H BEISARZZET  1344.31073825
5.~ Click on RUN and this window opens: o apeh o e
PL S ampl 004005E2H SEOIEIAEAIT  1344.31150645
Most of the PC Samples are 0x0040 05E2 PC s:m: 004005 2H BRIS52797  1344.31176245
L. i . — FL Sample 004005E2H SEOIEIRATET  1344.31201845
which is a branch to itself in a loop forever PC Sample 004005 2H SEOISIRESES 134431227445
X FL Sample 004005E2H SEOIEOMI4T  1344.31253045
routine. Note: the exact address you get P Sarle oui0ce 21 BUEE  1H4II2TED
depends on the source code and compiler | ¢exe: womy  pmmn o
settings. PC Sample 004005E2H BEIZE0S3BE3 134431381045
PL Sample 004005 2H BRMIEIONZSI  1344.31406645
7. Stop the program and the Disassembly e apen e
window will show this Branch: PL Sample 004005E2H BEO3EIATE 14431483445 |
8. Not all the PCs will be captured. Still, PC Samples can give you some idea of where your program is; especially if it
is caught in a tight loop like in this case.
9. Note: you can get different PC values
. .. R . Disassembly
depending on the optimization level set in i5%:  /* This fumotion 2 called vhen the user timer has expired. Pazameter 7
pVISlon. i:: /* 'info' holds the value, defined when the timer was created. "
. . 157: /* HERE: include optional user code to be executed on timeour. +/
10. Set a breakpoint in one of the tasks. Ux0D400SED BFOD  HOP
I:(}EIXEIDQEIEIEEZ E7FE - 0Ox004005E2
11. Run the program and when the breakpoint ree .
is hit, you might see another address at the _
bottom of the Trace Records window. See the screen below:
12. Scroll to the bottom of the Trace Records window and you might see the correct PC value displayed. Usually, it will
be a different PC depending on when the sampling took place.
13. Remove the breakpoint for the next step.
TDisas;b\y ‘
116: /
117: * Task 4 'phaseD': Phase D output
1ig: =
119:  task void phaseD (void) |
DXDD‘IDDTE 2000 MOVS ro, #0x00
0x004007C4 4978 LR ri1, [pc, #4801 ; @E0x004009R8
0x004007C6 6008 STR ra, [r1, #0x00]
0x004007CE ETE7 )il 0x00400794
.
Abstractxt,” [£] Blinky.c x RTX Conf_cM.c | [£] LED.c |
093 o5_evt_wair_snd (0x0001, Oxffff): S wait Ffor gn event flao 0x0001 <
034 LED_On (LED_B): [Eiedieeiad] x|
332 ::i:li ;url,: e ¢ | Tupe [ ovi] Num [ Addess | Data | FC [Dp][  Cvoes [ Timels =l
097 LED Off [LED_B); |PCSample 004005E2H 86948301159 1358.56720561
098 phageh = EI;7 PC Sample 004005 2H BE948217543 135856746161
093 ) PC Sample 004005 2H 86948333927 1358.56771761
PC Sample 004005 2H 8E943250311 1358.56797 361
L PL Sample 04005E2H EU4SIEEESE 135056022961
101 - PC Sample 004005E2H 86948383079 1358.56848561
1020 S #mmmmmmm e e PC Sample 004005 2H BE943299463 135856874161
= Gl 4 i DUOEEN ez 1o
105/~ task wvoid phaseC | FL Sample 004005 2H BE943448615 135856950361
“for ii) ot PC Sample 004005 2H BE943464399 135856976561
o USA PC Sample ODA00SE2H 86343491383 135 57002161
i 95_8vet_valt and | prgome 04005E2H 6345497767 135857027761
108 LED_On (LED_C): |PCSample 004005E2H 96948514151 1358.57053361
109 phasec = 1: PC Sample 004005 2H BE943530535 135857073961
110 signal func (t_p |PCSample 004005 2H BE94354E919 1358.57104561
| e oy meen nner
'nﬂg , phosecRoln) FE Sample ODA00SE2H 86342596071 13557181361
- 3 PC Sample 00400F72H BE943612455 1358572063961 j
115 =
116/ *
117t # Task ¢ 'phaseD': Phase I output
118 * =
Copyright © 2011 ARM Ltd. All rights reserved
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9) ITM (Instruction Trace Macrocell)

Recall that we showed you can display information about the RTOS in real-time using the RTX Viewer. This is done through
ITM Stimulus Port 31. ITM Port 0 is available for a printf type of instrumentation that requires minimal user code. After the
write to the ITM port, zero CPU cycles are required to get the data out of the processor and into uVision for display in its
Debug (printf) Viewer window.

1. Exit Debug mode and open the project BlinkyB/Blinky.uvproj (not RTX_Blinky).

2. Configure the Serial Wire Viewer as described in Steps 1 through 9 on page 10. Leave EXCTRC selected.

3. Add this code to Blinky.c. A good place is near line 16, just after the declaration of count.
#define 1TM_Port8(n) (*((volatile unsigned char *)(0xEO0000000+4*n)))

4. In the main function in Blinky.c right after the second Delay(500) enter these lines after near line 61:
ITM_Port8(0) = count + 0x30; /*
while (ITM_Port8(0) == 0);
ITM_Port8(0) = 0x0D;
while (ITM_Port8(0) == 0);
ITM_Port8(0) = OxO0A;

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

displays count value: +0x30 converts to ASCIl1 */

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

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

9. Click OK twice.

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

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

Debug (printf) Viewer

Trace Records

1. Open the Trace Records if not already open. Double click on it to clear it.

2. You will see a window such as the one below with ITM and Exception frames.
What Is This ?

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

=__?_| Build Qutput | EﬁDebug [printf) Viewer

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

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

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

the tlme_Stamps mlght nOt be CorreCt due to Type | Elvfl MNurn | Address | Data I FC I D\_l,ll Cycles I Time[s ﬂ
INn overioad. Excaption Return ] ¥ 2047210917 31.99704558
SWO p load
Exception Entry 15 2047873261 31.93801970
5. Right click in the Trace Records window and ~ [Fatnts,, & X mimmEs 1o
H H Exception Entr 15 2047337261 31.93301970
deselect Exceptions. Now you will see only EvcepionExt 15 2047337275 3199901982
the ITM writes = . N
Exce‘;twnn Exlttjj 15 2048001 275 32.00001932
- 11 - 1 1 E xception Retumn i} ® 2048005167 32.00009636
Note: J-Link and SAM-ICE will not display ITM Excep v a Ko el 320000%3%
ITH i oH % 2MBDOGIE7 3200009635
frames. Stop the program to see the exceptions. I ! ox §o Dm0
I TM C | . Exception Entry 15 2048065261 32.00101970
onclusion Eception Exit 15 2043065275 3200101992
EHCEEUDH Return 1] X 20480EE887 32.00104511
The writes to ITM Stimulus Port 0 are intrusive and o e I oL L
are usually one cycle. It takes no CPU cycles to get B ! o F s =

the data out the ATSAM3 processor via the Serial
Wire Output pin.

TIP: It is important to select as few options in the Trace configuration as possible to avoid overloading the SWO pin. Enter

only those features that you really need.

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

Atmel ATSAMS3S Lab with ARM® Keil™ MDK toolkit
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10) Watchpoints: Conditional Breakpoints

ATSAM3 processors have 6 hardware breakpoints. These breakpoints can be set on-the-fly without stopping the CPU. Often
pVision will take one and perhaps two or more breakpoints for its operations. The ATSAMS3S also has four Watchpoints.
Watchpoints can be thought of as conditional breakpoints. The Logic Analyzer uses watchpoints in its operations. This means
in pVision you must have two variables free in the Logic Analyzer to use Watchpoints.

1. Open the project Blinky that you used before if not already open. Be in Edit mode and not Debug.

2. We will use the global variable count in Blinky.c to explore Watchpoints.
3. The Trace does not need to be configured for Watchpoints. However, we will use it in this exercise.
4. Compile the project and program the Flash. Enter Debug mode.
5. Add variable count to the Logic Analyzer. Click on Setup and set the Display Range to Min: 0x0 and Max: 0x10.
6. Click on Close to return. Set Range to 1 second by using the Zoom: Out button in the Logic Analyzer window.
7. Select Debug in the main pVision window and select Breakpoints or press Ctrl-B.
8. Inthe Expression box enter: “count == 3” without the quotes. Select both the Read and Write Access.
. . s x
9. Click on Define and it will be accepted as shown here: Em==)> Emsmkwm .
10. Click on Close. vl 00 [A_readwnte Dx20000004 len=4], ‘count == 0x3'
11. Enter the variable count to the Watch 1 window by dragging
and dropping it if it is not already there.
12. Open Debug/Debug Settings and select the trace tab. Check o
“on Data R/W sample” and uncheck EXTRC and ITM 31. focess———————
13. Click on OK. Open the Trace Records window. Click on Epcl L—_, L et T
RUN. J-Link or SAM-ICE do not have data tracing enabled.. — = = ;2;‘;;
14. When count equals 3, the Watchpoint will stop the program.
. . ) . Defne | | Kil Selected kien | Closz | Hep |
15. You will see count incremented in the Logic Analyzer as well

as in the Watch window.

16. Note the three data writes in the Trace Records window shown below. 0, 1, 2 and 3 in the Data column. Plus the
address the data written to and the PC of the write instruction. ﬂ This is with a ULINK2 or ULINK-ME.

17. There are other types of expressions you

can enter and are detailed in the Help button .
. . . Type | val Mum I Address I [iata | FC | Dy | Cycles | Timels ;I
in the Breakpomts window. Data'wiite 20000004H  0O0ODOOTH  OOM0048CH 1965 0.00003072

Daa Wiite 20000004H  0DOODODOZH  OD4DM4BEH X 32001341 0,50002095

Data Wit Z0000004H  DOODODO3H  ODMOD48CH X 64001391 1.00002173

18. To repeat this exercise, click on RUN
several times to get past the stored value (3)
of count.

19. When finished leave Debug mode.
TIP: You cannot set Watchpoints on-the-fly while the program is running like you can with hardware breakpoints.

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

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

TIP: Raw addresses can also be entered into the Logic Analyzer. An example is: *((unsigned long *)0x20000000)
Shown here is the Logic Analyzer window lovicinatper x|

MinTime: M Time: Rarge Gt Zoom Code | Sehup Min/Max

displaying the variable count. The program was (oo ] [ 00+ [700822  [oonts G060+ | iG] () ) Shon ) (s ][ e
run twice using STOP and RUN. =i

The cyan arrows point to the two times H
Watchpoint trigger count ==

You should have no trouble configuring the Logic < = &
Analyzer to display count. CY Busoicanmine |

o

Note: The Logic Analyzer does not work very well with J-Link or SAM-ICE at this time. We are working on this.
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11) USB HID (Human Interface Device):

This USB example provided with MDK demonstrates two way communication over USB using the HID interface. A HID
client program is provided to run on your PC and communicate with the SAM3S-EK. Pressing the USRPB1 and USRPB2
will activates corresponding boxes in the HID Client window. Selecting output boxes result in control over the LEDs.

1.
2.

3.
4.

Open the project C:\Kei\ARM\Boards\AtmeNATSAM3S-EK\USBHID\HID.uvproj
Select the USB JTAG adapter at this point if not using a ULINK2.

LOAD

Program the SAM3S flash by clicking on the Load icon: ¥#% Progress will be indicated in the Output Window.

Configure the Serial Wire Viewer (SWV):
Serial Wire Viewer is not needed to run the USB example but we will use it to display some interesting things.

Connect the USB:

8.

Cortex-M Target Driver Setup x|

Debug | Tracs | Flash Download |

Click on the Options icon &N next to the target box.

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

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

Click on the Trace tab to open the Trace window.

- ULINE USB - JTAG/SW Adapter
Seiial Mo [V0447C9E =l

ULINK Version: [ULINK2
Device Famiy: [Cortes M
Fimware Version: [V1.37

7 Wl Port. S~
Max Clock [1MHz ]

~Dabug

Connect & Reset Dptio Cache Op! Downioad Op
’VEurmer:I [ Wormal x| Fesst[HwiRESET x| ’VIF Cache Code ’VIF ‘Verify Code Download

5w D

fdove

s

Hown

oeooe [
DeviesMame: [
add | [t || Updete]|  IRilen

IDCODE | Device Name I
SWDID | @) 0:2BAD1477  ARM CareSight SW-DF

& Autometic Detzction
€ Warual Configuration

[ Reset after Connect [¥ CacheMemory | | [ Download to Flash

Set Core Clock: to 64 MHz and select Trace Enable.

Unselect the Periodic and EXCTRC boxes as shown here.
Click on OK twice to return to pVision.
=

The Serial Wire Viewer is now configured in pVision.

Debug  Tr02 | Flash Diownosd |

Core Clock: | 54.000000 MHz

i~ Trace Por

[V Trace Enable

Trace Event

Connect a Micro USB cable to the SAM3S-EK and a PC as

shown below to the right: Drivers will install.

Start the HID Demo program and start the HID Client:

9.

10.
11.

12.

13.

14.

15.

16.

Enter Debug mode. @}

Click Run to start the program.

Start the HID Client. You need not install it to Windows.
Just double-click on its filename. HIDClient.exe is found in

C:\KeilARM\UTtilities\HID_Client\Release.

USB will enumerate and a device will appear in Client as
shown below. Select this device. The boxes will not be

grayed out which would mean loss of the USB connection.
As you select Outputs 0, 1 or 2, the LEDs will toggle. RED

is normally ON, the others OFF.
Pressing USRPB1 and USRPB2

~Human Interface Device

+ + HID Client

(or both) will cause an effect in

Device: [ATSAM35EK HID

[

x|

the Inputs (Buttons) boxes. Try
not to press the RESET button !

: B 1
[Tl el el el

 Outputs [LEDs]

If you stop the CPU, the USB
connection will stop. To

e
ml
en
-
m
W
-l_‘
ml

reactivate the HID Client,

reselect the Device option.

Serial Wire Dutput - USRT/MNRZ *
S0 Clock Prescaler: 55

¥ Autodetect

w0 Clock: 1163636 MHz

Timestamp
I Enatle  Prescaler [1 +

PL Sampling———————————
Prescaler [102416 =
I~ Periodic Periodt | <Disabled>

™ onData R/ Sample

I~ CPI: Cycles per Instruction
™ EXC: Exception ovethead
I~ SLEEP: Sleep Cyckes

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

rITH Stimulus

Paort 24 23 Port 16 15

Paort 87 Port 0

Enable: | 0<FFFFFFFF

£l
Tl

vivivivlv [vIivivivivivivie eiviv]

VIvVIvVIY VIV T

Turn the page for more details of this USB exercise including using the Serial Wire Viewer.
TIP: If the HID Client will not display the ATSAM3 board, close and restart the HID Client.

Fiivilege: [0-00000008 Pot31.24 ¥ Poit23.16 [ Port 15,8 I~ Pot 7.0 [
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17

Copyright © 2011 ARM Ltd. All rights reserved

www.keil.com



Viewing the USB Interrupt using Serial Wire Viewer:
1. The Serial Wire Viewer must be enabled for these examples to work.

2. Leave the program running or stopped but still in Debug mode:

3. Open Debug/Debug Settings and click on the Trace tab.

4. Select EXCTRC to collect and display the exceptions. Click on OK.

5. Click on RUN to start the program again. (Mm%

6. Open the Trace Records window and the Exception Trace window. - e
You can select View/Trace or open this window up: Counters

7. The bottom two windows open up:

Exception 50 is displayed in the Trace Records window and is updated in real-time. You can see the Entry, Exit and
Return frames quite easily and the times they occurred.

9. The Exception Trace window displays each exception in a different format. The number of occurrences with various
timing information is displayed.

TIP: If these windows do not update and do so only when you stop the processor: make sure View/Periodic Window Update
is selected.

10. Exception 50 is also known as ExtIRQ 34. (50 - 16 = 34). ExtIRQ 34 is listed in the ATSAM3 datasheet as the
exception for the UDP (USB Device Port). See Table 37-3 below from that document.

Recall: Exceptions:
Interrupts are a subset of Exceptions in ARM terminology.
= Entry: when the exception enters.
= Exit: When it exits or returns.
= Return: When all the exceptions have returned including any Cortex-M3 tail-chaining.

zl
TIP: You can double-click inside either of these e T = S == B = | =
windows to clear them. Enception Entry 50 7I2ICEI9E9 115345846850
Enception Exit 50 TIAENIN2 115345847034
Exception Retum 1] s V3823263616 1153.482439400
Esception E niry 50 PIDAIIEAE 1153 4R4GE5I
Exception Exit 50 PIZIAE099 115343347030
. i i i Exception Fietum [ W 7IEZIIIVEIE 115342943431
Note: _In the Instruction Trace window when using Evcepton Reur 2 TaegIIITEse 11534831913
- - Enception Ext 50 73823390095 115349047023
the J-Link or SA_M ICE, you _mUSt stop the program Esception Fletum ] % 7IEZIIANGM 115349049377
to see the exception frames displayed. The ULINK2  |EspinEny 50 73623453978 1153 4974842
i . Enception Exit 50 7I2EA092 115349147019
or ULINK-ME updates these automatical |y while Exception Feturn 0 ¥ 73823465621 115349149408
. ) Evception Entry 50 73023517977 1153.49246033
the program is running. E scepion E it 50 PIDIEIRG0 115343247016
ception Fistum 0 % 5 115: 3
Enceplion E niry 50 FHZIEAIGNE 115349346834
Enception Exit 50 7IRAEEAET 115349347011
Exception Retum 1] X 73823583606 115349349384
Esception E niry 50 PIDILEIF 1153 43446030
Exception Exit 50 7IE2B4E0B4 1153406 |
xl
Mum | Mame | Caunt | Total Time: | bdin Time In | tax Time\nl tin Time Dutl ax Time Dutl Firgt Time [] | Last Time [ I -
42 EWIRO 26 i 0s
. 43 EWRD27 i 0s
Table 37-3.  Peripheral IDs 4 ExiFi 28 D s
45 EWIROD 29 i 0s
4 EWIRD30 i 0s
Instance ID 47 ExlRD 31 i is
4 EWIRD32 i 0s
ubpP 34 49 ExiRO 33 i 0s
51 EWRD34 1240780 21%8s  1766us  977.844us  24219us  179358me 000002409 124091986337
5l EWIROD 35 i s
52 EWIRD 3 i 0s
53 ExIRO 37 i i
54 EWIRO 32 i 0s
55 EWIROD 33 i 0s
55 ElRO 40 i i
57 EiRO 41 i 0s
58 ExiRO 42 0 0s |

RL-ARM: Complete USB support is in Keil RL-ARM. Its components include the source code for RTX (RTX itself is
included with MDK), USB, a Flash file system, Ethernet and CAN drivers. Not all components of RL-ARM are applicable to
all Atmel processors. No royalty payments or per-project fees are required with RL-ARM.

18 Copyright © 2011 ARM Ltd. All rights reserved
Atmel ATSAMS3S Lab with ARM® Keil™ MDK toolkit www.keil.com



Viewing Global Variables as they change using Serial Wire Viewer:
Demo.c has two interesting global variables we can view. They are of type unsigned char:

InReport — two bits contain the button status.
OutReport - three bits contain which LEDs are to be activated.

1. In Debug mode: Open Debug/Debug Settings and select the Trace tab.
2. Unselect EXCTRC and Periodic if set. Select Sample “on R/W Sample”. Click on OK to close this window.
3. Close the Exception Trace window and click on RUN to start the program.
4. Open the Logic Analyzer window and enter both the InReport and OutReport variables.
5. Click on Setup and set InReport to max 0x6 and OutReport to OxFF (the x|
default in this case) as shown here: |Curent Logic Ansheer Signat EIES
6. Click on Close. OutReport
Using the Zoom In and Out buttons set Range to 1 second or so.
RUN the program and by pressing the two buttons and clicking the boxes in
. . . 0
the HID Client you can see these values in the LA as shown: — il Ronae
9. The RED trace shows when the buttons were pushed and have the value Disply Type: [Bnaca =] | Max: 0:6
from 0 to 3. Note: J-Link and SAM-ICE have problems with InReport. o —] | o
E———
10. The Green trace represents the Outputs checkboxes in the HID Client and Displey Formuda 3ignal i Masi) > Shi
have a value from 0 to OxFF. i S R
R R R . Export / Impor
11. The Trace Records window will display the data write frames to these two [ Evpon Signa Defritons.. | Impon Signal Dfiitons.. |‘
variables as shown in the bottom screen: an | o] [ ]
12. You probably have to scroll to see some interesting numbers.
Min Time Max Time Grid Zoom Code Setup Min/Max Update Screen| Transition [ e
Save .. | Os 632711 s 05s IEI | Show | | Puto || Undo | | Stop | [~ Show Cycles [~ Cursor
6 ; ; ; ; ; ; ; ; ; ; ; ; ; ;
5 . . : . i i i ; ; ; ; : :
53 1 1 H 1 1 1 1 1 1 1 H 1 1
g : E E E E E E :
255 - - Z ' : . : ' ' E i -
E j L i P
= : : : . : : : . . . 5 i :
S : : s s s P
0 5 P L S R s v
1 01804s ‘ ' ' 6501804s ‘ ' ' 69.01804s
‘ | ]
@Disassemhly QLogicAnalyzer
In the Trace Records window you can see the gy x|
writes to 0x2000_002A (InReport) and o ot [ Nam | Addess | Dws | P [Dh] Coes | Tmen |4l
0x2000 002B (OutReport), the data values Data Wiite 2000002AH DOH 4296142800  67.12723125
. - . . . Data Wite 20000024H 00H 4258150685 67.15922545
written and the time of the write both in CPU Data Wite 2000002AH 00H 4300238563 67.19122764
- Data Wit 20000024H 00H 4302286453 67.22322583
cycles and in seconds. Data Virte 2000002AH 0OH 4304334338 6725522403
. . Data Write 2000002AH 00H 4306382224 67.28722225
You can see the times representing the short Data Wt 20000024H 0TH 4306382236 6728722244
Data Write 2000002AH 00H 4308430108 67.31922044
pulses of about 0.19 psec and the length of Deta Wite 20000024H 0TH 4308430120 6731522063
time the USRPBL button was pressed. Data Ve o0 1o eiTEse 6731997808
Data Write 20000024H 00H 4310477588 £7.35121856
TIP: If you enable EXCTRC, you can have Data Vite 2000002AH 01H 4310478000 €7.35121875
. . Data Write 20000024H 03H 4310478012 67.35121854
the USB interrupts display. You must be Data Wiite 2000002AH 00H 4312525873 67.38321677
H Data Wit 20000024H 01H 4312525885 67.38321695
aware that enabling too many SWV features Data Virte 20000024H 034 4312525897 6738321714
1ec] Data Wit 2000002AH 00H 4314573757 67.41521435
can Iead to mlSSlng frames' Dat: Writ: 2000002AH 01H 4314573769 6741521514
Data Write 20000024H 00H 4316621648 6744721325 ;I
19 Copyright © 2011 ARM Ltd. All rights reserved
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12) USB Memory:
The USB Memory example demonstrates configuring the SAM3S-EK as a USB memory stick of size 8 Kbytes.

1.
2.

3.

10.

11.

Open the project C:\KeilARM\Boards\Atme\ATSAM3S-EK\USBMem\Memory.uvproj.
Configure the USB JTAG adapter you are using if not the ULINK2 or ULINK-ME.

LOAD

Program the SAM3S flash by clicking on the Load icon: ¥# Progress will be indicated in the Output Window.
Connect a USB cable to the Micro USB connector on the SAM3S-EK board to your PC as shown here:

Enter Debug mode. @ Click on Run to start the program.

A Windows Explorer window similar to the one below will open up.
It will show a file readme.txt in the USB stick.

Note: You might have to unplug and reinsert the USB cable.

Right click in the area underneath README.TXT and select
Properties. The Properties window will open up.

You can move files in and out of the USB stick as long as you stay
within the memory limits.

This could be made larger with external RAM.

For information on Keil RL-ARM Real-Time Library please visit:

www.keil.com/arm/rl-arm/

Remember that Keil MDK includes a full version of RTX.
RL-USB Features: RL-USB is a component of RL-ARM from Keil.

RL-USB provides device interfaces for common USB device classes. These interfaces have default support in
Windows 2000, XP, Vista, and Windows 7 which reduces the work required to connect your embedded applications
to host computers.
USB Hardware layer and event handler (hardware specific)
Generic USB core supporting USB 1.1 and 2.0

0 Low Speed (1.5Mbit/s), Full Speed (12Mbit/s), & High-Speed (480Mbit/s)
Common USB Device Class support

0 Human Interface Devices (HID), Mass Storage Class (MSC),

0 Audio Device (ADC), Communication Device (CDC), & Composite Device

S 1= 21

File Edit View Favorites Tools  Help | o Bz IA“‘DPH‘#' Tooks | Hardnare | Shaiing |

) -6 - @ . d
< Bach. </ le 7 Search i Folders El ) g IATSAMES USE
Address |~ 1| = B Tope: Removale Disk

ame | Size | Tvpe | Date Modified + | File syster  FAT
» P = "
File and Folder Tasks ES m README.TXT 1KE Text Document  6/25/2009 2:26 PM T 153hyles  150KB
=) Make a new Foldsr M Fee space 4608 bytes  4.50KE

@ Publish this folder to the

Web

i§ My Computer
() My Documents
\.3 MMy Metwark Places

Details

ket share this Folder -

Other Places

Capacity: 6,144 bytes E.O0KE

»

Drive E

oK I Cancel Apply

“®
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13) Creating a new project: Using the Blinky source files:

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.
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.

Create a new project called Mytest:

ok whE

o N

10.

11.

12.

13.

14.

Select the source files:

1.

6.

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

In the window Create New Project go to the folder C:\KeilARM\Boards\AtmeNATSAM3S-EK.

Right click and create a new folder by selecting New/Folder. | named this new folder FAE.

Double-click on the newly created folder “FAE” to enter this folder as is shown below.

Name your project. | called mine Mytest. You can choose your own hame but you will have to keep track of it.
C|ICk On Save Options for Target "ATSAM3S-EK" x|

Device | Taget | Output | Listing | User | C/Co+ | Asm | Linker | Debug | Utiies |

“Select Device for Target 1” shown here opens up. .
This is the Keil Device Database® which lists all the Do e
devices Keil supports (plus some secret ones). e — S = _
Locate the Atmel directory,.open it and SE|eC.t g ﬂ:g:mix 'ARM 32.bit CortexM3 Micracontraller with MPU. CPU elack Up to saMHz:l
ATSAM3AC. Note the device features are displayed. Qs S oy (2 o
Click on OK. Qs — | e iAlst e,
£3 ATIISAMISIC e nievioes

. . . . g ﬂggmmg S?E‘tx?v':efzitﬂe:s.etlpﬂﬂl,Emwn-nutDeleclm [BOD], Watchdog [WTD).
A window opens up asklng if you want to Insert the ~€1 ATHISANMALC i O S o T o
default ATSAMSS startup file to your project. Click on Do | et .
“Yes”. This will save you a great deal of time. BRI il | of

In the Project Workspace in the upper left hand of
pVision, open up the folders by clicking on the “+” beside
each folder.

We have now created a project called Mytest and the target hardware called Target 1 with one source file
startup_SAM3S.s.

Click once (carefully) on the name “Target 1” (or twice if not already highlighted) in the Project Workspace and
rename Target 1 to something else. | chose ATSAM3S. Click once on a blank part of the Project Workspace to

[ ok ][ cencel | [ Deaurs |

accept this. Note the Target selector also changes to 21|
ATSAMS3S. You can create many target hardware Save i [ 3 FAE - -EmsE

configurations including a simulator and easily select
them.

@ Mytest, uvproj

Using MS Explore (right click on Windows Start
icon), copy blinky.c and system_ATSAMS3S.c from
C:\KeilARM\Boards\AtmeNATSAM3S-EK\Blinky to

the \Atmel\ATSAM3S-EK\FAE folder. SpERD
In the Project Workspace in the upper left hand of g
pVision, right-click on “ATSAM3S” and select “Add My Computer

Group”. Name this new group “Source Files” and
press Enter.

Right-click on “Source Files” and select Add files to ' rene: I E— = %I
Group “Source Files”. Savesstyps: | Project Files [*uvprai = ﬂlé
Select the file Blinky.c and system_ ATSAMS3S.c and click on Add (once!) and then Close. These will show up in
the Project Workspace when you click on the + beside Source Files..

Select Options For Target and select the Debug tab. Make sure ULINK Cortex Debugger is selected. Select this by
checking the circle just to the left of the word “Use:”.

At this point you could build this project and run it on your SAM3S-EK board.

This completes the exercise of creating your own project from scratch.

Contact Keil Technical Support for a similar tutorial on configuring a RTX project from scratch.
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14) Serial Wire Viewer Summary:

Serial Wire Viewer can see:
= Global variables.
= Static variables.
= Structures.
= Peripheral registers — just read or write to them.
= Can’t see local variables. (just make them global or static).
= Can’t see DMA transfers — DMA bypasses CPU and SWV by definition.

Serial Wire Viewer displays in various ways:
= PC Samples.
= Data reads and writes.
= Exception and interrupt events.
= CPU counters.
= Timestamps for these.

Trace is good for:
=  Trace adds significant power to debugging efforts. Tells where the program has been.
= Arecorded history of the program execution in the order it happened.
=  Trace can often find nasty problems very quickly.
= Weeks or months can be replaced by minutes.
= Especially where the bug occurs a long time before the consequences are seen.
= Or where the state of the system disappears with a change in scope(s).
=  Plus - don’t have to stop the program. Crucial to some projects.

These are the types of problems that can be found with a quality trace:
=  Pointer problems.
= lllegal instructions and data aborts (such as misaligned writes).

= Code overwrites — writes to Flash, unexpected writes to peripheral registers (SFRs), corrupted stack.
How did I get here ?

=  Qut of bounds data. Uninitialized variables and arrays.
= Stack overflows. What causes the stack to grow bigger than it should ?

= Runaway programs: your program has gone off into the weeds and you need to know what instruction caused this. Is
very tough to find these problems without a trace. ETM trace is best for this.

= Communication protocol and timing issues. System timing problems.

For complete information on CoreSight for the Cortex-M3: Search for DDI0314F_coresight_component_trm.pdf on
Www.arm.com.

22 Copyright © 2011 ARM Ltd. All rights reserved
Atmel ATSAMS3S Lab with ARM® Keil™ MDK toolkit www.keil.com



15) Keil Products:
Keil Microcontroller Development Kit (MDK-ARM™)
= MDK-Professional™ (Includes RL-ARM) Promotion with ULINKpro until September 30, 2011 - $9,995
* MDK-Standard™ (with included RTX RTOS) (MDK has a great simulator) - $4,895
= MDK-Basic™ (256K Compiler Limit, No debug Limit) No included RTX - $2,695
= MDK-Lite™ (Evaluation version) 32K Code and Data Limit - $0

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.
Call Keil Sales for more details on current pricing. All products are available.
All products include Technical Support for 1 year. This can be renewed.

Keil Real Time Library (RL-ARM™) Available only as a component of MDK-Professional.
= RTX sources, Flash File, TCP/IP, CAN, USB driver libraries. —
= Contact Keil Sales for individual TCP/IP pricing.

f
I
1 PIKEIL
USB-JTAG adapter (for Flash programming too) | Z'KE:H'. Development Tools
=  ULINK2 - $395 (ULINK2 and ME - SWV only — no ETM) \ Gerting Surteq TR
=  ULINK-ME — sold only with a board by Keil or OEM. "
- ULINKpro - $1,395 — Cortex-Mx SWV & ETM trace

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

ARM has an extensive university program. Call Keil Sales for special
university pricing.

For the ARM University program: go to www.arm.com and search for
university. Email: university@arm.com

For the entire Keil catalog see www.keil.com or contact Keil or your local distributor.
For Linux, Android and bare metal (no OS) support on Atmel SAM9 processors, please see www.arm.com/ds5.
MDK supports Atmel ARM7™ and SAM9 processors. Check www.keil.com/dd for a complete list of device supported.

For more information:

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

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

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

| CMSIS . 5 .
crnt Cortex |)|KEIL
Software Interface Standard

Tools by ARM
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