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The latest version of this document is here: www.keil.com/appnotes/docs/apnt 304.asp

Introduction: A Lab for the S32K-144 EvalBoard is here: www.keil.com/appnotes/docs/apnt 299.asp

This document explains the
debugging features provided
by the NXP S32K-144 processor using the Cookbook examples. These examples are provided ported to Keil puVision® using
Arm Compiler 5. It is intended for those who want to follow the material in the NXP Cookbook with Keil MDK toolkit.
The Cookbook Rev. 1 is located here: www.nxp.com/assets/documents/data/en/application-notes/AN5413.pdf
These examples can be used with Keil MDK-Lite™ which is a free evaluation version that
limits code size to 32 Kbytes. The addition of a valid license number will turn it into an
unrestricted commercial version. Contact Keil Sales for licensing questions.
General Notes:

1. MDK 5.243a, S32K Pack 1.0.0 and OpenSDA in CMSIS-DAP mode was used.

2. The S32K144 EVB hoard was used. This board is pictured here:

3. The examples have not been ported to S32K148 EVB yet. See the chart in the

Cookbook for a list of the board peripheral ports changes.

Debug Adapters:

This document uses OpenSDA in CMSIS-DAP mode. For exercises using Serial Wire
Viewer (SWV) any Keil ULINK™ or a J-Link must be used. A notice in red is given.

1. OpenSDA is an on-board adapter. It has CMSIS-DAP and P&E modes. CMSIS-
DAP is preferred. ULINK2, ULINKplus, ULINKpro and J-Link are external
tools. If you want to see the SWV features, use any ULINK or a J-Link.

2. Debug Adapters that can be used: OpenSDA CMSIS-DAP is used by default.
a. OpenSDA P&E mode: Basic stop and go debugging.

OpenSDA CMSIS-DAP mode: Provides DAP live window updates.

Keil ULINK2: adds Serial Wire Viewer (SWV)

Keil ULINKplus: SWV and adds Power Measurement. (coming soon)

Keil ULINKpro: adds ETM trace S32K-148 only. Fast SWV.

Segger J-Link: Adds SWV.

3. Each example project has Target Options for each of these debug adapters.

4. For useful CoreSight™ definitions, see page 22.

A lab for the S32K-148 EVAL using ETM: www.keil.com/appnotes/docs/apnt 305.asp

h o o0 o

CoreSight™ Debug Technology Summary:

These technologies are used to provide information and interaction with the S32K
processor family. Refer to CoreSight Definitions on page 22 for detailed information.

1. Basic CoreSight: 6 hardware breakpoints and 1Watchpoint. These can be
set/unset while the program is running.

2. Debug Access Port (DAP): JTAG or SWD modes available. Provides data updated while your program is running.
Used by Watch, Memory, Peripherals and RTOS awareness windows. Works with OpenSDA CMSIS-DAP, any Keil
ULINK™ and J-Link and OpenSDA P&E. DAP and CMSIS-DAP are not the same. See page 22 for definitions.

3. Serial Wire Viewer (SWV): Non-intrusive data trace. Displays interrupts, variables in graphical Logic Analyzer,
data writes and CPU counters. printf display using no UART (printf is slightly intrusive). Needs a Keil ULINK2,
ULINKplus, ULINKpro or a J-Link. SWV updates windows while the program is running.

4. ETM Instruction Trace: S32K-148 and ULINKpro only. Provides a record of all instructions in the order they
were executed. ETM is useful for debugging program flow problems and program crashes. ETM also supplies Code
Coverage, Performance Analysis and Execution Profiler.
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1) Keil MDK Software Download and Installation:

Download MDK 5.24a Lite or later from the Keil website. www.keil.com/mdk5/install
Install MDK into the default folder. You can install into any folder, but this lab uses the default C:\Keil_v5

We recommend you use the default folders for this tutorial. We will use C:\00MDK\ for the examples.

If you install MDK into a different folder, you will have to adjust for the folder location differences.

You do not need a debug adapter: just the S32K board, a USB cable and MDK installed on your PC.

For the exercises using SWV, you need a Keil ULINK2, ULINK-ME, ULINKplus, ULINKpro or a J-Link.

You do not need a Keil MDK license for this tutorial. All examples will compile within the 32 K limit.

No gk w D

2) pVision S32K Software Pack Download and Install Process:

A Software Pack contain components such as header, Flash programming, documents and other files used in a project.
TIP: The left hand pane filters the selections displayed on the right pane. You can start with either Devices or Boards.
Start pVision and open Pack Installer:

1. Connect your computer to the internet. This is needed to download the Software Packs. Start puVision: m%m

Open the Pack Installer by clicking on its icon: @ A Pack Installer Welcome screen will open. Read and close it.
This window opens up: Select the Devices tab:
Note “ONLINE” is displayed at the bottom right.

45 Pack Installer - C:\Keil_v5\ARM\PACK =1ofx]

If “OFFLINE” is displayed, connect to the Internet iy
before continuing. O 2 o
Search: 32 3 T~ Show examples from installed Packs oty
5. If there are no entries shown because you were not g 7 [sunnary o S I e
connected to the Internet when Pack Installer opened, -
-] €1 S210aUaTOCO
select Packs/Check for Updates or “ to refresh once 7% compoe s
you have connected to the Internet. L s
Ll S32K144HFTOR00x
Install The S32K Software Pack: =

Output

1. Inthe Devices tab, select NXP and then S32K Series =
as shown above: The devices supported are displayed.

2. Select Keil::S32_SDK_DFP.1.0.0.pack and click Install. This Pack will download and install in the MDK files. This
download can take several minutes.

3. Its status is indicated by the “Up to date” icon: | S0 to daie |
4. Update means there is an updated Software Pack available for download. |

name -
3) Install the Keil Cookbook Examples: e
1. Obtain the Cookbook examples from here: www.keil.com/appnotes/docs/apnt 304.asp | FlexcAN
2. These files will be in a .zip format. Create the folder: C:\00MDK\Boards\NXP\S32K\ :CAN‘FD
3. Extract the zip archive into the folders you just created. ::: .
4. The folder structure will then look like this: | Hello_Interrupts
e
1 s32K.2p
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4) Configuring OpenSDA in CMSIS-DAP Mode:

If you are using any Keil ULINK, J-Link or OpenSDA P&E as your debug adapter: you can skip this page:

This document will use NXP OpenSDA in CMSIS-DAP mode as an CMSIS-DAP debug adapter. This will replace the P&E
debugger that comes pre-installed on a new S32K bhoard. Target connection by pVision will be via a standard USB cable
connected to USB connector J7. The on-board Kinetis K20 processor U8 acts as the CMSIS-DAP on-board debug adapter.

Program the K20 with the CMSIS-DAP application file CMSIS-DAP.S19:
1) Locate the file CMSIS-DAP.S19:

1. CMSIS-DAP.S19 is located in www.keil.com/appnotes/docs/apnt_299. It is also in every project in the \OpenSDA
folder. You will now copy this file into the S32K board USB device.

2) Put the S32K Board into Bootloader: Mode:
1. Set jumper J104 to position 1-2. v
2. Hold RESET button SW5 on the board down and connect a USB cable to J7 as shown below:
3. When you hear the USB dual-tone, release the RESET button to enter bootloader mode.

4. The S32K board will act as a USB mass storage device called BOOTLOADER connected to your PC. Open this
USB device with Windows Explorer.

3) Copy CMSIS-DAP.S19 into the S32K Board:

1. Copy and paste or drag and drop CMSIS-DAP.S19 into this Bootloader USB device.
4) Exit Bootloader Mode:

1. Set jumper J104 to back to position 2-3.

2. Cycle the power to the S32K board while not holding RESET button down.

3. The S32K board is now ready to connect to pVision.

TIP: This application will remain in the U8 K20 Flash each time the board power is cycled
with RESET not pressed. The next time board is powered with RESET held on, it will be
erased. CMSIS-DAP.S19 is the CMSIS application in the Motorola S record format that
loads and runs on the K20 OpenSDA processor.

TIP: If you must later re-program CMSIS-DAP.S19 and it still does not work with pVision: check that Port: is set to SW and
not JTAG. Seethe TIP: below.

5) Testing The OpenSDA CMSIS-DAP Connection: (Optional Exercise)

1. Start pVision =seso if it is not already running. Select Project/Open Project.
2. Select the Hello project C:\00MDK\Boards\NXP\S32K\Hello\Hello.uvprojx. (or any other project you choose)

-7

3. Select Target Options EA or ALT-F7 and select the Debug tab: | Linker Debug | Uses |
4. Select CMSIS-DAP Debugger as shown here: > |f°‘ Use: [CMSIS-DAP Debugger =] Setings |
5. Click on Settings: and the window below opens up: Select SW in the Port box as shown below. An IDCODE and

Device name will then be displayed indicating connection to the CoreSight DAP. This means CMSIS-DAP
OpenSDA is working. You can continue with the tutorial. Click on OK twice to return to the pVision main menu.

6. If nothing or an error is displayed in this SW Device box, this must be corrected before you can continue.

7. Select File/Save All or ﬂ e
Debug | Flash Dowriozd |
CMSIS-DAP - JTAG/SW Adapter 5W Devi
TIP: To refresh the SW Device box, in the Port: box select I:;ISNDAI%J o [>T — Mil
JTAG and then select SW again. You can also exit then re-enter e o
this window. CMSIS-DAP will not work with JTAG selected, T e € puremtie Detectin woope [
only SW. But this is a useful way to refresh the SW setting. MexCoce [ ] “jfwla' e e l—r

TIP: You can use this method to test the operation of other debug adapters.
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6) Hello example program:

Now we will connect a Keil MDK development system using the S32K board. This page will use the OpenSDA CMSIS-
DAP debug adapter but you can select others.

Connect a USB cable between your PC and the S32K board J7 USB connector.
If you are using an external debug adapter, connect it to J14 SWD. Power the board to USB J7. J107 position 2-3.
Green LED D3 (power) will light. 1f not, check J107. 2-3 for USB power. 1-2 is for external power 12 volts to J16.

Start pVision by clicking on its desktop icon. =18

Select Project/Open Project. OpenSDA CMSIS-DAP

Open the file: C:\0O0OMDK\Boards\NXP\S32K\Hello\Hello.uvprojx. ULINK2
. . ULINKpro
Choose your debug adapter accordingly; — T—————) OpenSDA P&E
i J-Link

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

Enter Debug mode by clicking on the Debug icon.@ The Flash memory will be programmed. Progress will be
indicated in the Output Window or in the P&E window. Select OK if the Evaluation Mode box appears.

TIP: If the Flash programs with P&E but does not enter Debug mode, select Debug mode again: @-

10. Click on the RUN icon.
11. Press the button SW2. It is beside the potentiometer R13.

The blue LED will come one when SW2 is pressed.

Now you know how to compile a program, program it into the S32K processor Flash, run it and stop it !

Note: The board will start Blinky stand-alone. Blinky is now permanently programmed in the Flash until reprogrammed.

TIP: When you need to, but not right now, you stop the program with the STOP icon. @

7) Hardware Breakpoints:

The S32K14x Cortex®-M4 has six hardware breakpoints that can be set or unset on the fly while the program is running and
when using a CMSIS-DAP or any Keil ULINK or a J-Link debug adapter. The Cortex-M0+ has two hardware breakpoints.
You must stop the program to set/unset breakpoints with P&E.

1
2.
3.
4

6.

With Hello running, in the hello.c window, locate the line PTD->PSOR |= 1<<PTDO; which is near line 41.
Note the darker grey blocks on the left in hello.c. This grey block indicates assembly instructions are present.
Click on the grey block opposite PTD->PSOR |= 1<<PTDO;

L] startup_s32s4s ] nelioc | v x
A red circle will appear and the program will presently stop DAL T e
- - 41 PTD->PSOR |
as indicated by a yellow arrow. Remember to restart the = 1138 6=
program if using P&E. 2 comern: Jj
46 //if (counter > 0x400) counter=0; -
4] 3

Note the breakpoint is displayed in both the Disassembly
and source windows: You can set/unset them in either window.

Leave the hardware breakpoint active for the next exercise.

TIP: Select Debug/Breakpoints or Ctrl-B and the Breakpoint window opens. You can manage Breakpoints and Watchpoints
in this window. You can temporarily disable/enable them. Close this window if you opened it.

TIP: If you set too many breakpoints, pVision will warn you.

TIP: Arm hardware breakpoints do not execute the instruction they are set to and land on. Arm CoreSight hardware
breakpoints are no-skid. This is a rather important feature for effective debugging.

TIP: pVision uses only hardware breakpoints in Flash memory. Soft or Flash breakpoints are not used. These breakpoints
have the disadvantage of substituting instructions and potentially modifying the program behavior.
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8) Watch Window:

1. Inhello.c, right click on counter near line 45 and select Add counter to ... and select Watch 1. Watch 1 will open and
counter will be displayed as shown here: -

‘Watch 1 o X
Every time you click on the RUN icon , counter will increment. % counter op0cin it 4]
Remove the breakpoint by clicking on it. < Enter expression> =

Memory 1 |

&1 Call Stack + Locals | Watch1
Click on the RUN icon . Watch 1 will display <cannot evaluate>.

counter is a local variable declared at the start of the main() function near line 17. Watch 1 can only display locals
when they are in scope and the program stopped. Locals are normally stored in a CPU register Rn.

a s~ Wb

6. Stop the program @ and leave Debug mode @
7. Add static in front of the declaration for counter in hello.c near line 17: static int counter = 0;
TIP: You can also make counter a global variable or part of a structure or union.

g

8. Compile the source files

9. Enter Debug mode @ and click RUN .
10. Note counter now increments while your program is running.
9) Memory Window:

1. In hello.c, right click on counter near line 45 and select Add counter to ... and select Memory 1. Memory 1 will open
and counter will be displayed:

2. Note the value of counter 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. counter will be displayed in Memory 1. Address: [fcourter ﬂ
4. The physical address in this case is Ox1FFF_8004. [Sx1FFFa004: OE7F78230DC6C00 DISBEE4S 5CIFGETD
® =] H S OAF28186 32622DB5 D1C17292
Right click in the Memory window and select Unsigned/Int. Ox1FFEB024: D5C58E22 E0312B50 EEEFSESY 516525C7
Ox1FFFE8034: 14EF6CD2 011AS50CE T7T711E2DE 62071180 LI
The data contents of counter is displayed as shown here: @ Call Stack - Locals | Watch 1 | [E]Memary1

Modify Memory:

7. Right click on the changing memory location and select Modify Memory at Ox1FFF_8004. Enter O in the dialog box
and press Enter. You might get a different memory address depending on the compilation and other settings.

8. Note the data was set to zero and started incrementing over.

9. Stop the program Q
TIP: You can change the value in a Watch window but only of the data is changing very slowly or the program is stopped.

. . T

10) Single-Stepping: &

=

1. With Blinky.c in focus (Blinky.c tab is underlined), click on the Step In icon & or F11 a few times: You will see
the program counter jumps a C line at a time. The yellow arrow indicates the next C line to be executed.

2. Click on the top margin of the Disassembly window to bring it into focus. Clicking Step Into now jumps the program
counter one assembly instruction at a time.

Connecting a Keil ULINK:

Keil ULINKpro with NXP S32K144 EVB
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11) CPU Clock Speed:

The CMSIS file system_S32K144.c contains some clock source code. Included is a global variable SystemCoreClock that can
be used to display the CPU speed. In some programs, SystemCoreClockUpdate() must be called first.

1. Stop the program L) Exit Debug mode Q
2. Inhello.c, near line 19, uncomment SystemCoreClockUpdate():

In Watch 1, double click on <Enter expression> and enter SystemCoreClock.
SystemCoreClock will be displayed in Watch 1. Right click on its name and unselect Hexadecimal Display.
48000000 (48 MHz) will be displayed.

TIP: SystemCoreClock is a calculated, not a measured value. A bug could give you an erroneous reading. For a method to
determine the core clock using SWV, see www.keil.com/appnotes/docs/apnt_297.asp.

o g bk~ w

12) Peripheral Display - System Viewer:
Peripheral views are provided inside pVision. They update while your program runs and many registers can be modified.
Observe Button SW2 (it is connected to PTC): Fic 1 D " x
1. Select Peripherals/System Viewer/GPIO/PTC. This port connects to SW2. o i -
2. Press SW2 and note PDIR changes from 0x30 to 0x1030 and back. o mon

[-PCOR

Observe the Blue LED (it is connected to PTD): i

PDIR

Property

PDDR

1. Select Peripherals/System Viewer/GPIO/PTD. PTD connects to the blue LED. e

2. Note two tabs appear at the bottom of these windows for easy selection.

3. When you press the SW2 button, PDOR and PIOR goes from 0x01 to 0x00.
Putting a Peripheral Register into Watch 1:

1. Some registers can be displayed in a Watch window. B e |

2. Note when you select a register its description and address appear at the bottom of the window.

3. Using the address of PTD PDOR, enter this into Watch 1: *((unsigned long *)0x400FF0COQ)

4. This value will change as you press SW2. Watch and Memory windows are updated periodically.
Changing a Register:

PDIR
[Bits 31..0] RO (@ 0x400FFODO)
Port Data Input Register

PDIR
[Bits 31..0] RO (@ 0%400FF030)
Port Data Input Register

1. Stop the program @ You can do this while the program runs but in this case the variable is overwritten too quickly.
2. Ineither the Watch 1 or PTD, change the value from 0x01 to zero. The blue LED will come on.
TIP: You must be careful what registers you modify in case it causes unintended consequences that can be difficult to find.

13) Display a Global Variable:
In hello.c, uncomment the global variable declaration uint32_t LED = 1; found near line 4.
In hello.c, uncomment the statement if (LED ==0) LED = 1; near line 38.

Uncomment the statement if (LED == 1) LED = 0; near line 42.
1‘--}

Select File/Save All or 'ﬂ Build the source files . Enter Debug mode @ and click RUN .
Right click on LED and select Add LED to ... and select Watch 1. LED will be displayed in Watch 1.
As you press the SW2 button, LED will change value.

o g ks~ wbdPE

7. When you are finished, Stop the program o and leave Debug mode Q.
What we have at this point:

Everything on the last two pages uses the DAP Read/Write mechanism. This is nearly always non-intrusive. These features
work with OpenSDA, Keil ULINK2, ULINK-ME, ULINKplus, ULINKpro and J-link. With OpenSDA in P&E mode, you
must stop the program to configure and update the displayed variables. Do not confuse DAP with CMSIS-DAP.
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14) Serial Wire Viewer (SWV): This needs any Keil ULINK, or a J-Link. Skip the next three pages if
you do not have one of these debug adapters. Serial Wire Viewer is an important and useful debug tool.

SWV Configuration:

1. Attach any ULINK or a J-Link to the 10 pin CoreSight SWD connector. Power the board with a USB cable.

2. Choose the debug adapter you are using. This for the Keil ULINK2: )

Your debugger must be displayed beside Use:.

© N o o bk~ w

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

Select Settings: ~ Settings | on the right side of this window.
Confirm Port: is set to SW and SWJ box is enabled for SWD operation. SWV will not work with JTAG.
Click on the Trace tab. The window below is displayed.

In Core Clock: enter 48 MHz. Select Trace Enable. This value must be set correctly to your CPU speed.

ULINK2

J

OienSDA CMSIS-DAP

ULINKpro
OpenSDA P&E
-Link
ULINKplus

TIP: To find Core Clock: frequency: Enter the global variable SystemCoreClock in a Watch window and run the program.

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

1. With a ULINKpro, select SWO Manchester.

2. Core Clock: must be accurately set for ULINK?2,
ULINK-ME and J-Link. ULINKpro uses Core
Clock only to determine timing values.

Problems: The most probable cause of SWV not working is
an incorrect Core Clock: value. See
www.keil.com/appnotes/docs/apnt_297.asp

The only valid ITM frames in the trace window are ITM 0
and ITM 31. If you see any other values, this nearly always
means the Core Clock: value is incorrect.

Debug Trece | FAlash Download I

Core Clock dS 000000 MHz [ Traca Enable

r~ Trace Port

Trace Everts
| Serial Wirs Output - UART HF" ’7|7 Enable Prescaler: |1 [~ CPI: Cycles per Instruction
[~ EXC: Exception overhead
SWO Clock Prescaler: | 4 PC Samplng———————— [~ SLEEP: Sleep Cycles
g4 Prescaer 102416 = | | | o2 Sore e s
SWO Clock:] 1170731 MHz | | [ pagogic Period: [ <Disableds | | [~ FOLD: Foided Instnuctions
I on Data RAW Sample [¥ EXCTRC: Exception Tracing

r ITM Stimulus Ports

Port

24 23 Port 16 15 Port 8 7 Port 0

k)l
Enable II}xFFFFFFFF 72 78 7 7 1 v el 7 U vl 7 7 7 7 ol 7 7 7 e o 1

Privilege II}xI}DI}DDI}DS Port 31.24 [V Pot 2316 [~ Port 15.8 [~ Pot 7.0 [~

15) Logic Analyzer (LA):

1. Build the source files

displayed in the LA as shown below.
In the Logic Analyzer (LA), select the Setup button.

Click on Close.

N o o s~ w

In Display Range:, enter 0x3 for Max: and 0 for Min:. ) | Max:

. Enter Debug mode @ and click RUN .
2. Rightclick on LED in Hello.c near line 4 and select Add LED to ..

Display Range

. and select Logic Analyzer. LED will now be

C—

Min: I[b(['.'

Using the Zoom box, adjust to obtain a Grid: of about 0.5 seconds or another suitable value.
Press SW2 multiple times and a waveform similar to the one below will appear:

TIP: You can put up to four variables in the Logic Analyzer. They cannot be local or automatic variables as these are not
visible unless in scope. Global, static, structures or anything in memory can be displayed.

TIP: These are event created. Each variable entered creates an event and data comes out the SWO pin.

Logic Analyzer

Min Time Max Time Grid Zoom

3

LED

39.17534 s

I~

Min/Max |Update Screen| Transition Jump to o Signal Info

Save..||[ 11516855 |4566208s | O5s |[In [[Out][Al] [Stop |[Clear | |[Prev]Nex ]| [~ Show Cycles

4217534 s

4517534 s

| =]

@Disassemhly | ﬂLogicAnalyzer
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Trace Records: This needs any Keil ULINK, or a J-Link.
Open Trace Records window by clicking on the small arrow beside the Trace icon [Zl[]and select Records:
The Trace Records window shown below opens:

Note the Data Write frames displayed. These are the writes to the variable LED.
This is caused by the LED entry you made in the Logic Analyzer.
The first line: The value 0x01was written to the variable at address ox1FFF8000 at the cycles/times.
If On Data R/W Sample is selected in the trace configuration window (shown on previous page), the address of the

instruction causing this write will be displayed in the PC column.
7. Double-click anywhere in Trace Records and it will be cleared and will start to fill up again if the program is running.

Trace Exceptions
Event Counters

v | Records

X

Type | ovf [ Num | Address | Data | PC low|  Cydes | Timels]

Data Wiite IFFFS000H  OOODDODTH 1266257165 26.38035760
Data Wiite 1FFFB000H  0OOODODOH 1274292770 2654776604
Data Writs 1FFFB000H  0OOODODTH 1283622091 2674212690
Data Writs 1FFFS000H  0OOODODOH 1290931225  26.83440052
Data Write 1FFFB000H  0OOODODTH 1296375210 27.00781687
Data Wiite 1FFFB000H  0OOODODOH 1303654664 27.15947217
Data Wiite 1FFFB000H  OOOODODTH 1309339225  27.27790052
Data Writs 1FFFE000H  OOOODODOH 1315446690  27.40513338
Data Writs IFFFS000H  OODOODOD1H 1319357491 27 ABTA4TT3
Data Write 1FFF8000H  0OOODODOH 1326179434 27.62873821
Data Wiite IFFFB000H  OOODODODTH 1331207227 27.73348380
Data Wiite 1FFFB000H  0OOODODOH 1337315168 27.86073269
Data Writs 1FFFB000H  0OOODODTH 1342463474 27.96798904
Data Writs 1FFFS000H  0OOODODOH 1348609894  20.09603346
Data Write IFFFS000H  0OOODODTH 1353982535 2820796348
Data Wiite 1FFFB000H  0OOODODOH 1360655945  28.34783227
Data Wiite 1FFFB000H  OOOODODTH 1366636430 2847159229
Data Writs 1FFFE000H  OOOODODOH 1372003061 2858339710
Data Writs IFFFS000H  OODOODOD1H 1379363318 2871590246
Data Write IFFFS000H  0OOODODOH 1385389485  28.86228094

=]

=l

8. Rightclick in the Trace Records and see the types of frames you can filter out. )

TIP: These Data writes are created by each event created when a write occurs in this case, to the

variable LED. If there are too many writes or other types of frames, the SWO port (is 1 bit) is easily
overloaded. This will be seen a "x" in the Ovf and Dly columns. A solution is to sample the frames

v Counter Events
v Exceptlions
v PC Samples
v [TM Events
v Data Reads
v Data Writes

to another variable and display it or use a ULINKpro. Manchester is better and 4 bit Trace Port is even better. Only the
S32K-148 has ETM trace and the corresponding 4 bit Trace Port.

ULINKpro Trace Data Window:

Trace Data 2 x
You can see the same data displayed, Display: Al - @48 3R - in A
In .thls Case’ the |!"|Str-UCt|0n CaUSIng the Time Address / Port Instruction / Data Src Code / Trigger Addr Function
write at 0x06C8 is displayed. 217,276 671 021 5| W : OxLFFFR000 | 0x00000000 X: 0x000006.C5 ]
217378 386 542 5| W : OXIFFF3000 | 0x00000001 ¥ : 0x000006A3
o 217.666 930 896 5| W : OxLFFFB000 | 0x00000000 ¥: 0:x000006,C3
9. When you are finished, Stop 217.764 811917 5| W : OxLFFFB000 | 0x00000001 X : 0x00000643
717,876 111 021 5| W : OxLFFFB000 | 0x00000000 ¥: 0:x000006C3
the program & and leave :
@ 217.980 122 875 5| W : OXIFFFB000 | 0x00000001 ¥: 000000648
Debug mode . 718.056 503 813 5| W : OxLFFFB000 | 0x00000000 ¥: 0:x000006C3 ]
218,184 134 833 5| W : OxXIFFFB000 | 0x00000001 ¥: 000000648
Notes: MNA IRTIITTART e A7 Nl FEFRNNAN [attalalalulyTalalyl Vo MaANNNNE TR LI

1. With a ULINKpro or a J-Link, the Trace Records is called Data Trace and will look different (ULINKpro is shown
above) and the program must be stopped to update it.

2. If you double click on a ULINKpro frame, this will be highlighted in the Disassembly and source windows.
3. J-Link does not currently display Data Write frames.
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17a) printf using SWV ITM 0: This needs any Keil ULINK, or a J-Link.
uVision® has an easy way to display printf statements in the Debug printf window. No UART is needed. It is possible to use

a getf function but this will not be demonstrated here. See the S32K144 lab for details.

ITM = Instrumentation Trace Macrocell.
Configuration: pVision must not be in Debug mode.

1.
2.

In hello.c, near line 3, uncomment #include <stdio.h>.
Near line 37, uncomment this statement: printf ("LED_On\n ");

Configure Event Recorder: Use this method if using SWV. Use DAP if using OpenSDA CMSIS-DAP.

N o g~ w

Click on the Manage Run-Time Environment (MRTE) icon: @ The window below opens:

Expand Compiler/1/O and select STDOUT and ITM as shown:
Verify all blocks are green and not yellow or red.

Click OK.

This action adds the file retarget_io.c to the project.

TIP: Serial Wire Viewer (SWV) must be configured properly. ITM Port 0 must

be enabled. Itis set by default and is shown here: ~ _Fet

v v v
Pat 7.0 [T

Build and RUN:

Build the source files . Enter Debug mode Q and click RUN .
Open View/Serial Windows and select Debug (printf) Viewer.

Each time you press SW2, the printf statement
writes to the Debug printf Viewer as shown here:

Debug (printf) Viewer =8

ED _On ~

v

& 2 Debug (printf) Viewer

v Manage Run-Time Environment

Software Component Sel. Variant

[#-4 Board Support 532K144-EVE
-4p CMSIS

-4 CMSIS Driver
EI@ Compiler

i@ Event Recorder

24 10

B
B

ARM Compiler
DAP

File System
User

@ STDERR
- STDIN

User

User

I | T

-4p Device
74 File System
7-4p Graphics
-4p Network
7-4p RTOS
0§ USB

MDK-Pro - |8
MDK-Pro -
MDK-Pro -3
FreeRTOS 9
MDK-Pro - |8

[ [ [ [ [

17b) printf using Event Recorder & DAP: This works with OpenSDA in CMSIS-DAP mode.
Use this method if using OpenSDA in CMSIS-DAP mode. This also works for Arm Cortex-MO and Cortex-MO+.
Configure Event Recorder:

1

Open the Manage Run-Time Environment utility. This window opens:

2.
3. Expand Compiler and I/O as shown. Software Companent Sel. | Variant v
& Board Support STM32F051-Di... | 1.
4. Select Event Recorder and STDOUT and EVR as shown: g s
5. All the blocks should be green. If not, click on the Resolve button. E‘@ Comoter — )°'"°"e' L
6. Click OK to close this window. é‘?}f’m =
7. retarget_io.c, EventRecorder.c and EventRecorderConf.h will be added to ¢ e LU -
your project under the Compiler group in the Project window. % smour CANEDD) L
L@ TTY : -1
8. Right click near the top of Blinky.c, and select Insert "#include" and select
#include "EventRecorder.h".
9. At the beginning of the main() function, add this line: EventRecorderlnitialize (EventRecordAll, 1);

10. Follow the Build and RUN instructions as shown above.

Event Recorder Notes: You can use Event Recorder to annotate your own source code. This feature uses DAP reads
therefore will work on processors without Serial Wire Viewer such as Cortex-MO0. You can use CMSIS-DAP, any Keil
ULINK or any J-Link with Event Recorder. See www.keil.com/support/man/docs/uv4/uv4 db_dbg_evr.htm

TIP: If you ever see orange or red blocs in the MRTE, try clinking the Resolve button. If it can, pVision will attempt to find

the required files.
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18) Hello_Clocks: Thisworks with all debug adapters.

This project is the same as the previous Hello with clocks_and_modes.c added to change the clock frequency.
Select Project/Open Project.

Open the file: C:\00OMDK\Boards\NXP\S32K\Hello_Clocks\Hello.uvprojx.

Choose your debug adapter accordingly: OpenSDA CMSIS-DAP is used here.

In hello_clocks.c near line 43, uncomment SystemCoreClockUpdate();

This runs a function in system_S32K144.c to do some clock configuration.

N o g s wbdh e

Enter Debug mode @ The Flash memory will be programmed. Progress will be indicated in the Output Window or
in the P&E window. Select OK if the Evaluation Mode box appears.

TIP: If the Flash programs with P&E but does not enter debug mode, select Debug mode again: @
8. Enter SystemCoreClock in Watch 1.

x

9. Right click on SystemCoreClock and unselect Hexadecimal Display. Name Value | Type

) ) ) w @ SystemCoreClock (48000000 Junsigned int f’
10. 48 MHz will display in Watch 1. <Enter expression> =
11 CIle RUN Q_:jCaII Stac.. | Watch 1 ETrace Exc| | Memory 1 |

12. Watch 1 will change to 80 MHz when clocks_and_modes.c is executed.
13. The blue LED will blink by itself as it is now controlled by Timer LPITO.

x

SCG Clock Peripheral: Name Type

- @ SystemCoreClock (| 80000000 Junsigned int i’
[

1. The NXP clock registers can be displayed in puVision.
2. Open Peripherals/System Viewer/SCG and the window below right opens up:
3. ltis possible to modify some of these values if allowed by the S32K.

i< Enter expressions

LPITO Timer Peripheral: -

1. Open Peripherals/System Viewer/LPITO and the window below left Property value
. [#-VERID 0x01000000
Opens. [+~ PARAM 0xDB00004E
2. Click on CVALO and note its physical address is displayed. IR £X0500000%
[#-RCCR 0x03000001
3. Note Current Timer Value is updating while the program is running. EVEeR 0102030001
-~ DIVSLOW
LPITO L : 0: 0000 = Divide-by-1
v
Property Value E-HCCR 0x03000001
& VERID - E-CLKOUTCNFG  [EDAInAN;
& PARAM #1-505CCSR 0
MSR [#-505CCFG 0x00000010
i I S 101000005
wmiR O o swoW o
@ SETTEN [=-SIRCCFG 0x00000001
CReLy: o | .. RANGE
[+ TVALO 0x02625A00 - [#-FIRCCSR 0x03000001
5] CvALD 0x009881C0 [ FIRCDIV
[#-3PLLCSR
CRLUE® 2 sPuD
@ CVAL1 OxFFFFFFFF 51 SPLLCFG
oo R
CVALO VCCR _
[Bits 31..0] RO (@ 0x40037024) Current [Bits 31..0] RW (@ 0x40064018) VLPR Clock Control Register
Timer Value

11 Copyright © 2017 Arm Ltd. All rights reserved
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19) Hello_Interrupts: Thisworks with all debug adapters.
This project is the same as Hello_Clocks with an interrupt added to blink the blue LED.
1. Select Project/Open Project.
Open the file: C:\00MDK\Boards\NXP\S32K\Hello_Interrupts\hello_interrupts.uvprojx.
Choose your debug adapter accordingly: OpenSDA CMSIS-DAP is used here.

2

3

4. Compile the source files by clicking on the Rebuild icon. 5
5. Enter Debug mode. @ The Flash memory will be programmed. Progress will be indicated in the Output Window
or in the P&E window. Select OK if the Evaluation Mode box appears.

Click RUN.

The blue LED will come on but it probably will not blink as expected.

The issue is the interrupt routine exits before the interrupt flag is cleared. This results in a second interrupt.

Set a breakpoint in the function LPITO_ChO_IRQHandler which is found near line 69.

© o N o

10. Click RUN. and the blue LED will now toggle each time you click RUN.
11. Remove the breakpoint.
12. See www.keil.com/support/docs/3928.htm for an explanation.

80 LPITO->MSR |= LPIT_MSR TIFO_MASK:
Fix this Issue: 81 //PTD->FTOR = PTD->FTOR; /i =ell
82 S{LBPITO->MSE=0;
1. Inhello_interrupts.c, there are several possible solutions: ——) 83 //% = PTD->PTOR; // also uncomm
84 /¢ dsb(0):

2. Uncomment one of these.
3. Ifyouuse x =PTD->PTOR, also uncomment unsigned int x; near line 70.

The blue LED will now blink.”
For rationale on which solution to use, review the Keil answer 3928 above.

Displaying program timings with two global variables:

There are two global variables declared near line 13 and 14 in hello_interrupts.c. They are idle_counter and
Ipit0_chO_flag_counter. These display certain events in this example.

1. Right click on these and add them to Watch 1. [ il
2. They will be displayed and update while the program runs in Watch 1 shown below:

Property
Watch 1 7 X [ VERID
[-PARAM
Mame WValue Type [#-MCR
- @ SystemCoreClock 20000000 unsigned int || EF-MSR
----- @ idle_counter 0x0C650251 int - MIER
- @ Ipit0_ch0_flag_counter |0x0000000C  |int - E-SETTEN
‘... <Enter expression> E-EIRIEN
hd (- TVALD
o - } (- CVALD 04019610DD
@ Call stack L-:n...| ;aTrace Exceptl-:ms| Wateh 1 | ] Memory 1 | e o 1
- TVALL 0
3. Refer to the Cookbook for detailed explanations of this example. - CVALL OXFFFFFFFF
- TCTRLL 0
[-TVALZ 0
. . . . - CVAL2 OxFFFFFFFF
Displaying LPITO Peripheral Registers: &1 TCTRLZ 5
. . H-TVAL3 0
1. Open Peripherals/System Viewer/LPITO. - ONrEtEEe
- TCTRL3 0

2. The registers values will be updating (if appropriate) as the program runs. — )
3. ltis possible to modify some of these values if allowed by the S32K. CUaLD
4

[Bits 31..0] RO (@ 0x40037024) Current Timer
Value

CVALDO is the only register changing while the program is running.

12 Copyright © 2017 Arm Ltd. All rights reserved
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Displaying Ipit0_chO_flag_counter in the Logic Analyzer (LA): SWV is used: any ULINK or J-Link.
SWV is preconfigured in this program for ULINK2, ULINKpro and J-Link with a Core Clock: set to 80 MHz.

1. Stop the program L) and leave Debug mode @

In hello_interrupt.c,, near line 72, uncomment if (Ipit0_chO_flag_counter > 0xF) Ipit0_ch0_flag_counter = 0;

2.

3. Build the source files =, Enter Debug mode Q and click RUN .

4. Rightclick on Ipit0_ch0_flag_counter and add it to the Logic Analyzer.

5. Each time the interrupt routine is executed a step is displayed in the LA. The spike (blue circle) results from the test.
6. The time measured with Cursor and Signal Info is 1 second per step.

7. This is very useful to display and measure variables not visible with an outside instrument such as a scope.

Set Ipit0_chO0_flag_counter to Zero:

1. In Watch 1, double-click on Ipit0_chO_flag_counter

and set this to 0x00.
2. Thiswill be displayed in the LA

Displaying Exceptions (including Interrupts):

169.7855 3

0T, a8 !
[25.16754 5[59.7159 78555, d 1336183

Load | Min Time Max Time  Grd | Zoom | Min/Max ‘Update Screen‘ Transition ‘ Jump to
Save ||[ Os  [1827675s [ 2s |[in J[Out] Al] | [Auto] [Undo] [Stop | Ciear | |[Frev[Nex]|
E % I R P

Logic Analyzer 3 x

¥ sig
I~ sh

181.7855 8

Lo l=1]

@D\sassemh\y | ﬂ Logic Analyzer

SWV is used: any ULINK or J-Link is needed.

There are two windows used to display interrupts and their timings. If you are using Keil RTX and a ULINKpro, it is possible
to display when and for how long handler routines happen. This is in the Event Viewer in a manner similar to the LA.

Exceptions include interrupts in Arm documentation.
Trace Exceptions Window:

1. Click on the Trace Exceptions window tab or select View/Trace/Trace Exceptions or select:

2. The Trace exceptions window opens:

3. Click in the Count column header to bring
active exceptions to the top.

4. LPITO_CHO is displayed with various data.

Trace Records Window:

1. Open the Trace Records window by selecting select View/Trace/Records or select:
2. Trace Records will display Interrupt 64 with Data Writes from the LA.

3. Right click anywhere and note how to filter
various frames out.

e Entry: when the exception enters.
e Exit: When it exits or returns.

e Return: When all the exceptions have
returned to the main program. This is useful to
detect tail-chaining.

TIP: ULINKpro, ULINKplus and J-Link have
different trace windows from the ULINK2 Trace
Records.

Records

v | Trace Exceptions

Event Counters

Trace Exceptions 2 x
= i CTRC: Exception Tracing ¥ Timestamps Enable

# | Name Count % | Tedgl Time MinTimeln | MaxTimeln | Min Time Out | MaxTime Out | First Tme [s] | LastTime[s] |

64 |LPMO_ChO 967 663812us  |737.500ns  |737.500ns (999999 ms  |2.000s 516753932  |967.00122871 ﬂ

NonMaskable 0 __—fls

3 |Hardrault 0 0s

4 [MemoyManagem... |0 0s

5 |BusFault 0 0s

6 |UsageFault 0 0s

1| svaall 0 0s

12 DebugMonitor 0 0s =

(&Call stack = Locals | Gl Trace Exceptions | waten 1 | B Memory 1

B i R R
v | Trace Exceptions
Event Counters
] v | Records

]
Type [Ovi[Num [ Addess |  Daa | PC_ [Dy] Cydes |  Tmefs] i’
Exception Entry 64 451826445006  5647.83061257
Data Wite TFFFB004H 0000000AH 451826443020  5647.83061275
Exception Exit 64 451826449065  5647.83061331
Exception Retum o X 451826452193  5647.83065241
Exception Entry 64 451906445008  5648.83061260
Data Write 1FFF8004H 0000000BH 451906449022  5648.83061277
Excaption Exit 64 451906449067  5648.83061334
Exception Retum 0 X 451306452193 564883065241
Exception Entry 64 451986443010  5649.83061262
Data Wite: 1FFF8004H 0000000CH 451386443024 5649.83061280
Exception Exit 64 451986449069  5649.83061336
Exception Retum 0 A 451986452193  5649.83065241
Excaption Entry 64 452066449012 5650.83061265
Data Wiite 1FFF8004H 0000000DH 452066443026  5650.83061282
Exception Exit 64 452066449071 5650.83061339
Exception Retum o X 452066452193 5650.83065241
Exception Entry 64 452146443014 B651.83061267
Data Write 1FFF8004H 0000000EH 452146445028 5651.83061285
Excaption Exit 64 457146449073 5651.83061341
Exception Retum ] ¥ 452146457193  5651.83065241 =~

Unlike ULINK2, you must stop the program to update ULINKpro and J-Link Trace Data windows.
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20) DMA: This works with all debug adapters.
This project uses DMA to move a string from one memory location to another serially. This will be displayed in Watch .
Open the DMA Project, Build and Program the Flash:

a ~ w NP

N o

Select Project/Open Project.
Open the file: C:\00MDK\Boards\NXP\S32K\DMA\DMA..uvprojx.
Choose your debug adapter accordingly: OpenSDA CMSIS-DAP is used here.

Enter Debug mode. @ The Flash memory will be programmed. Progress will be indicated in the Output Window
or in the P&E window. Select OK if the Evaluation Mode box appears.

Open the Project window.
Double-click on DMA.c to open it. You can also select File/Open and navigate to the src folder.

Configure Watch 1:

1. DMA.c contains a array TCDO_Source[] and a variable TCDO_Dest near line 12. We will add them to Watch 1.

2. Rightclick on TCDO_Dest and add it into Watch 1. Right click on TCDO_Source and add it into Watch 1.

3. You can expand TCDO_Source to see all of its elements. Watch 1 3 x

. — -

RUN the program: e -t

L Seta hardvare breekpoint n main.c near e 42 L ——

2. Click RUN.

3. Each time you click RUN, another letter is transferred from TCDO_Source to TCDO_Dest by the DMA controller.

4. Thisis visible in Watch 1.

5. When the transfer is complete, the program will be in the endless while (1) {} near line 50.

6. Click RESET to start the demo over. RaT

14 Copyright © 2017 Arm Ltd. All rights reserved
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21) Timed I/0 (FTM): This works with all debug adapters.
Important TIP: A wire needs to be connected on J2 between pins 8 and 2 or 4. A resister such as 1kQ can be used.
Open project, Build and Program Flash:

1. Select Project/Open Project.

2. Open the file: C:\0OOMDK\Boards\NXP\S32K\FT M\FTM.uvprojx.

3. Choose your debug adapter accordingly: OpenSDA CMSIS-DAP is used here.

4. Compile the source files by clicking on the Rebuild icon. | Enter Debug mode. Q
Variables Display Watch 1:

There are three global variables declared in FTM.c: CurrentCaptureVal, PriorCaptureVal and DeltaCapture. These will be
displayed in Watch 1 at their initial values of 2. SystemCoreClock will be set to 80 MHz.

1. Select View/Watch Windows and select Watch 1. The three variables are already entered. If not, do this now.

2. Click RUN . The tri-colour LED will blink. Watch 1 1 x
3. The values in Watch 1 will change. ———————) | fme Value D= |

o W SystemCoreClock 80000000 unsigned int -
4. Note DeltaCapture changes briefly every few seconds. - @ CurrentCaptureval 040000 unsigned short
-~ W PriorCaptureVal 0xDEBBA unsigned short
FTM Registers Display: -----  DeltaCapture 02446 unsigned short

. . e 2Ent i
1. Select Peripherals/System Viewer/FTMO. e Sxprese |

2. The FTMO window will open. Various registers will
update while the program is running.

TIP: Memory operation fails displayed in the Command window are from reads or writes not permitted in FTMO.
Variables Display Logic Analyzer: SWV is used: any ULINK or J-Link is needed.
1. Stop the program o and leave Debug mode @
2. Select your debug adapter in the Select target box. ULINK?2 is used here, 'MHNK2

In the LA, select Setup and highlight *((unsigned long *)0x40038010). Set Max: to OxFFFF. Click Close.

This is the COV register address in the FTMO0. This addressed is displayed at the bottom of the FTMO0 window when
COV is selected. It can them be added to the LA in the format provided. See below right:

7. Using Cursor and Signal Info, each step is 0.10 seconds. Period is 1 second. See below left:
8. Itis easy to see how useful the Logic Analyzer can be for debugging.

3.
4. The three variables mentioned above are displayed plus a third: *((unsigned long *)0x40038010).
5
6

Logic Analyzer

Setup... || Load.. Min Time Max Tme  Grid Zoom Min/Max  |Update Screen| Transtion | Jumpto [ Signal Ifo [~ Amplitude ¥ Timestamps Enable

[Save..||[ 2447635 [264.2013s | 02s |[In J[Out][Al]|[Auto][Undo]

[Stop [[Clear | [Prev][Next]|[Code | Tace] I~ Show Cycles I Cursor

*{{unsigned long *)k40038010)
FTMO o x
CumentCaptureal M
Property
PriorCaptureVal
DeltaCapture
14501 ' ' ' ' " 2628501s
il

@Disassembly | ﬂ Logic Analyzer

PriorCaptureVal
Mouse Pos Reference Point Delta
Time: §92,1043 5 8911012 s 1.003039 s = 099697 Hz [Bits 31..0] RW (@ 0x40038010) Channel
Value: 4] 0 a (n} Value
PCS: /A MNAA
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22) ADC - SW Trigger: This works with all debug adapters.
Open project, Build and Program Flash:

a ~ w D

6.
7.

Select Project/Open Project.
Open the file: C:\00OMDK\Boards\NXP\S32K\ADC\ADC.uvprojx.
Choose your debug adapter accordingly: OpenSDA CMSIS-DAP is used here.

Enter Debug mode. @ The Flash memory will be programmed. Progress will be indicated in the Output Window.

Click RUN .
As you rotate the pot R13, the ADC reads the pot position and the LEDs will sequence accordingly.

Reading the ADC Output:

1.

2.
3.

adcResultinMv_pot is a global variable in main.c near line 18 that contains the value of the pot as read by the ADC.

Right click on the variable adcResultinMv_pot and enter it in Watch 1. T

adcResultinMv_pot will update while the program runs. Vary the pot R13. | name Value Type
¥ SystemCoreClock 80000000 unsigned int
¥ adcResultinMv_pot 0x00000EE7 unsigned int

<Enter expression>

] t L watch 1 | (2

Display adcResultInMv_pot in the Logic Analyzer: SWV is used: any ULINK or J-Link needed.

1.

> wn

o N o v

Stop the program 9 Exit Debug mode. QA swvis preconfigured for 80 MHz in this project.

-

Select your debug adapter in the Select target box. ULINK2 is used here, 'UUNK2
Near line 52 in main.c, uncomment this line: for (int x = 0; X < 9000; x++);

This slows the program down. There are so many Data Writes created that the SWO port is severely overloaded.

Right click on adcResultinMv_pot and add it to Logic Analyzer (LA).
Click setup in the LA and set the Display Range: Max: to 0x1400. Click Close.
The LA will be displaying adcResultinMv_pot in real-time as shown below:

| Logic Analyzer

|53¢UD---| Load... Min Time Max Time Grid Zoom Min/Max | Update Screen| Transition Jump to [~ SignalInfe [ Amplitude

Save.. ||| 252.0629= 40152355 | D5s IIL"O_”t"ﬂI [Stop ][ Clear |
5120 ! i ’ i i i :

[Frev][Next] ™ Show Cycles [ Cursor

adcResultinMy

i} . . . . .
308 7983 5| 394.883 s 397.883s 401383 s
o L o1

@Disassemhl;—' | QLogicAnalyzer

16 Copyright © 2017 Arm Ltd. All rights reserved

NXP AN5413 Lab using ARM® Keil™ MDK 5 toolkit www.keil.com/NXP



23) UART: This works only with OpenSDA P&E mode.

This example uses OpenSDA in P&E mode because it has a serial USB converter. Other debug adapters can be used if
you are not interested in the USB serial port. Consider using the printf method described on the next page.

The P&E firmware for this mode is contained in C:\00MDK\Boards\NXP\S32K\UART\OpenSDA\. Program it into the
S32K board. Directions are in the S32K-144 board lab on page 7: www.keil.com/appnotes/docs/apnt 299.asp

Open project, Build and Program Flash:

Select Project/Open Project.

Open the file: C:\00MDK\Boards\NXP\S32K\UART\UART .uvprojx.
Choose the OpenSDA P&E debug adapter.

S N

. Enter Debug mode. @ The Flash memory will be programmed. Progress will be indicated in the Output Window.
Open A COM Port on Your PC:

1. Configure a communication utility such as PuTTy to the appropriate Windows COM port. 9600 baud.
Modify Source and Configure Watch 1:

1. The declaration of the variable receive in LPUART.c has been changed to static: static char receive;

2. Right click on static variable receive near line 61 in LPUART.c and add it to Watch 1.

i E
Click RN [
The terminal program will display the text as shown here; — s—) L

Type in any letter and it will be echoed.

Stop the program. @

N o g s~ w

Watch 1 will contain the last letter you typed as shown:

Watch 1

Mame
W SystemCoreClock
W receive

i< Enter expressions

g Call Stack + Locals | Wateh1 | E Memory 1 |

pVision Communication Software:

In the Mange Run-Time Environment (MRTE) utility contains several methods of communications 1/O as shown below:
We have already seen this working in printf using SWV ITM 0: on page 9.

Obtaining a character typed into the Debug printf Viewer window from your keyboard:

It is possible for your program to input characters from a keyboard with the function ITM_ReceiveChar in core.CM4.h.

This is documented here: www.keil.com/pack/doc/CMSIS/Core/html/group  ITM__Debug__ gr.html

A working example can be found in the File System Demo in Keil Middleware. Download this using the Pack Installer.

[% oo runtmetovrooment
Software Component Sel. Variant Version Description
[#-4# Board Support 532K144-EVE 1.00 NXP S32K144 -EVB D Board
@ CMSIS Cortex Microcontroller Software Interface Components
@ CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Specifications
B @ Compiler ARM Compiler |1.2.0 Compiler Extensions for ARM Compiler 5 and ARM Compiler &
i Event Recorder l_ DAP 110 Event Recording using Debug Access Port [DAP]
54 vo Retarget Input/Output
- @ File l_ File System 120 Use retargeting together with the File System component
@ STDERR Il User v 120 Redirect STDERR to a user defined output target (USART, Graphics Display or other]
- @ STDIN |_ User 1120 Retrieve STDIN from a user specified input source (USART, Keyboard or other)
@ STDOUT (i User - 120 Redirect STDOUT to a user defined output target (USART, Graphics Display or other)
@ Ty [l User -11.20 Redirect TTY to a user defined output target
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24) SPI: This works with all debug adapters.
Note: The S32K board must be powered with 12 volts to J16 for this exercise. Jumper J107 must

Open the Project, Build and Program the Flash:

a > DD

Select Project/Open Project.
Open the file: C:\00MDK\Boards\NXP\S32K\SPI\SPI.uvprojx.
Choose your debug adapter accordingly: OpenSDA CMSIS-DAP is used here.

Enter Debug mode. @ The Flash memory will be programmed. Progress will be indicated in the Output Window.

Open System Viewer LPSPI1 and Configure Watch 1 Window: Ipapit ® X

1.

Select Peripherals/System Viewer/LPSPI1. This window opens:

Property
[#-VERID

2. We will put some interesting variables into Watch 1:

PARAM

a. counter (local main.c/main() near line 33) e
b. LSPI1_16bits_read (global in main.c near line 16)
C. receive (local in LPSPI.c near line 67)

3. Rightclick on each variable and add it to Watch 1 as shown below:

Add Breakpoints:

| Watch 1

E-CR

- REF
DMF
MEF

0: 0 = Transmit FIFO underrun has not o...

0: 0 = Receive FIFO has not overflowed.

0: 0 = Have not received matching data.

[#-IER

1. Add 4 breakpoints to main.c and Hame | value | Type D
. ;@ SystemCoreClock 80000000 unsigned int 4| EJ-CFGRO
LPSPI.c as shown below: o eTgmEaint B-crRI
i @ LPSPIL_16bits_read unsigned short E1-DMRO
e @ receive unsigned short DR

H . [H-CCR

“--<Enter expression>
| - E-FER
4] _>|_I E-FSR
|

Run the Program:

Click RUN .

| t;;‘_‘]tall Stack + Locals ‘ Watch 1 @Trace Exceptions ‘

Each time you click RUN, variables will change accordingly.

|
;j Memory 1

SR

[Bits 31..0] RW (@ 0x4002D014] Status Register

0: 0 = LPSFlis idle.

Note the SR register changing in the _] mainc | ] tPsPLc | ] docks and modesc | Ml

LPSPI1 window. 901 fortin) { _ e
(] 44 LPSPI1_tramsmit_ l6bits(tx_lébits); /# Transmit half wo

4. The program is running Correcﬂy 45 LPSPI1_l16ébits_read = LPSPI1_receive 16bits(); /* Receive hal_l

when receive contains OxFDEF. I e mmel”“ _l;l
L »

When you are finished, Stop the

program 9 Exit Debug mode. @ ] main.t/Vl_'] LPSPLc rl_'] clocks_and_modes.c I v X|

71 receive = LPSPI1->RDR; /#* Read received data */ ;I

® 72 LESPI1-»SR |= LPSPI_SR_RDF MASK:; /= Clear RDF flag =/

73 return receive; /% Return received data */

® 74

=l
=
< | »

NXP AN5413 Lab using ARM® Keil™ MDK 5 toolkit
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25) CAN General Information:

CAN Primer: www.keil.com/appnotes/docs/apnt 247.asp
S32K CAN Demo using two boards:

The projects CAN and CAN_FD described in the NXP Cookbook are designed to operate using two S32K boards. Each
CAN_HI and each CAN_LO are connected together on J13.

A CAN test tool can be used in place of the second S32K board.

1. One board, designated as NODE_A sends a message with an ID of 0x555 on the CAN bus.

This is defined by #define NODE_A in FlexCAN.h. If NODE_A is not defined, then that board becomes NODE_B.
The second board, with NODE_A not defined, will then send a message of ID 0x511 on the CAN bus.

When NODE_A sees this message with an ID of 0x511, it sends another identical message with 0x555.

When 1,000 messages have been sent, the green LED is toggled. Then the process is repeated forever.

This screen shows the start sequence of the CAN messages displayed on a CAN analyzer:

I e

Receive Owerruns: 0

No | Time(sbs) | State  IDfex) | D.. | Data thex) | ascn |
1 00:00:00,102 555 & A511223344556677 .."3DUfw
2 00:00:14.210 5 511 7 576F726BT73 2021 Works !
3 00:00:14.211 555 & AS11223344556677 .."3DUfw

If no second board is connected:

If CAN_HI and CAN_LO are not connected and the program is running in NODE_A:

1. The CAN controller will send out the first message 0x555 forever since it never receives the ACK signal from
another board or test tool.
2. This CAN signal can be viewed with an oscilloscope connected to CAN_HI and/or CAN_LO. Remember these

signals are a differential pair.
With a CAN test tool: A test tool was used in this document.
With a test tool you can display the CAN messages and insert a CAN message on the bus as either NODE_A or NODE_B.

Problems Getting CAN to work:
1. CAN_HI and CAN_LO are reversed.
2.

The S32K board is not powered by 12 volts. The green LED D3 in the middle of the board must light. Check J107.
3.

J107 is in the wrong position. For an external power supply, it must be in position 1-2.

PCAN-Diag

Scope NN € TRact L
Zoom Delay T=0 Level Cl1 C2 Offsl Offs2
Single Decode F1 Setting Exit Help

Picture of CANO:

£
o
(&)
2
==
]
-
7]
>
i
A
©
(<))
Q
3
s
3
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26) CAN: This works with all debug adapters.

1. The S32K board must be powered with 12 volts to J16 for this exercise. Jumper J107 must
be set to position 1-2 (towards the S32K) as shown in this photograph: ——

Do not connect another CAN node to the S32K board yet.
If using OpenSDA connect your PC to the USB connector.
4. If you are using an external debug adapter connect it to J14 SWD connector.
Open project, Build and Program Flash:
Select Project/Open Project.
Open the file: C:\00MDK\Boards\NXP\S32K\FlexCAN\FlexCAN.uvprojx.

1
2
3. Choose your debug adapter accordingly: OpenSDA CMSIS-DAP is used here. ©OpensDA CMSIS-DAR =
4
5

Enter Debug mode. @ The Flash memory will be programmed.

Open System Viewer CANO:
1. Select Peripherals/System Viewer/CANO. This window opens:

2. Click RUN . CANO fills in as it is configured.
The program is sending a CAN message ID = 555 Data = A5 11 22 33 44 55 66 77

This message is sent endlessly since there is no other node to set the ACK bit. When an
ACK bit is received, the program will wait for a message 1D

Receive Overruns: 0 Errors: ( [%]

No | Time(sbs) | State | IDthex) | D.. | Data hex) | ascn | -l
12,188 00:00:03.370 555 8 A511223344556677 .. S0Ufw
12,189 00:00:03.370 555 8 A511223344556677 .."S0Ufw
17 400 i T B T T = = . ECC AL 414 07 90 AACC I7T b W E S

5. In CANQO, this information is located in EmbeddedRAML1 through 3:

6. Note RAM1 0x1554 shifted right 2 bits = 0x555. \ ___;'beddemm s

7. Highlight EmbeddedRAML1 to determine its physical address. GRLE T U 0515540000
. . . [#-EmbeddedRAMZ U EERSEFEE]

8. Enter this address (0x40024084) into Memory 1. Set to Unsigned Long. [-EmbeddedRAMS  [NLRCITIILd

M CembadsdaARARA

Configure Watch 1 Window:

1. The variable rx_msg_count has been made static. It is located in main.c near line
31. Thisis to enable it to be always in scope.

CAND n X

Property
MCR
CTRLL
TIMER
- RXMGMASK
RX1AMASK
“RXL5SMASK
ECR
~TXERRCNT 0x00
~ RYERRCHT 000
TXERRCNT_FAST |0x00
~RXERRCNT_FAST
ESRL
IMASKL
-IFLAGL
CTRL2
ESR2
~IMB
VPS
~LPTM
-CRCR
RXFGMASK
“RXFIR
BT
& -EmbeddedRAMO
-EmbeddedRAML
2

0xLFFFFFFF
OxFFFFFFFF
OxFFFFFFFF

[Bits 31..0] RO (& 0x40024038) Error and
Status 2 register

Memaory 1 a x

0x40024084

Address: [0x40024084

5540000 A5112233 44556677

2. Rightclick on rx_msg_count and add it to Watch 1. 024002¢080: 00TTUTTTomoweowe—TT

0x4002409C: 00000000 00000000 00000000 ;I

%‘l‘lcall Stack + Locals | Watch 1 | ElMemorvl

Connect another S32K-EVAL board or a CAN test tool:

1. By default, this program sets the S32K board to Node A as in FlexCAN.h: #define NODE_A

Connect a S32K board or Test Tool to J13 CAN_HI and CAN_LO. RUN the program(s).
The S32K EVAL board will output a CAN frame with ID of 0x555.

rx_msg_count is incremented by 1. When 1,000 frames are received, the green LED toggles.

2
3.
4. Ifthe Test Tool sends a CAN frame with ID 0x511, the S32K board with Node_A, A responds with an ID of 0x555:
5
6

Stop the program o. Exit Debug mode. Q

Receive Owverruns: 0 Errors: 0
Mo | Time(sbs) | State = ID(hex) | D.. | Data frex) Ascl |
1 00:00:00.102 555 & A5 11223344556577 .."3DUfw
2 00:00:14.210 5 511 7 ST7EF726BT732021 Works 1
3 00:00:14.211 555 & AS11223344556677 .."3DUfw
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27)

4.

Open project, Build and Program Flash:
1
2
3.
4
5

Open System Viewer CANO:
1.

Connect another S32K-EVAL board or a CAN test tool:
1.

o s~ wD

CAN FD: This works with all debug adapters.

The S32K board must be powered with 12 volts to J16 for this exercise. Jumper J107 must
be set to position 1-2 (towards the S32K) as shown in this photograph: ——)

Do not connect another CAN node to the S32K board yet.
If using OpenSDA connect your PC to the USB connector.
If you are using an external debug adapter connect it to J14 SWD connector.

Select Project/Open Project.
Open the file: C:\00MDK\Boards\NXP\S32K\FlexCAN_FD\FlexCAN_FD.uvprojx.

Choose your debug adapter accordingly: OpenSDA CMSIS-DAP is used here, (©OpensbACMIS-DAP =

| cano n X

Enter Debug mode. @ The Flash memory will be programmed.

L

B-WMB3_ID
[-WMB3_D03
- WMB3_D47
E

Select Peripherals/System Viewer/CANO. This window opens: The CAN_FD Focm
registers are at the bottom as shown here:

TDCOFF 0x05
- TDCFALL 0:0 = Measured 100p delay is in range.
TDCEN 1:1 = TDC is enabled

Click RUN . CANO fills in as it is configured. ~MEDSRD (313 - Seleci 8 ytesper Meseege e,

FDRATE 1:1 = Transmit a frame with bit rate switching ...

The program is sending a CAN message ID =555 Data= A5112233445566 77 |7 Tl

0x03

- FPSEGL 0x07

This message is sent endlessly since there is no other node to set the ACK bit. rmorses |owr
When an ACK bit is received, the program will wait for a message ID. FrRESDIY 00001
S8 FOCRC [}
FD_TXCRC 0x00000000
W FD_MBCRC | 0300

By default, this program sets the S32K board to Node A as in FlexCAN.h:
#define NODE_A

Connect a S32K board or Test Tool to J13 CAN_HI and CAN_LO. RUN the program(s).

The S32K EVAL board will output a CAN frame with ID of 0x555.

If the Test Tool sends a CAN frame with ID 0x511, the S32K board with Node_A, A responds with an ID of 0x555:
rx_msg_count is incremented by 1. When 1,000 frames are received, the green LED toggles.

FDCRC
[Bits 31.0] RO (@ 0x40024C08) CAN FD CRC Register

Stop the program 9 Exit Debug mode. Q
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28) CoreSight™ Definitions: It is useful to have a basic understanding of these
terms:

CoreSight Debug Technology Summary:

1.

Basic CoreSight: 6 hardware breakpoints, Watchpoints and program run/stop. These can be set/unset while the
program is running.

Debug Access Port (DAP): JTAG or SWD modes available. Provides data updated while your program is running.
Used by Watch, Memory, Peripherals and RTX System windows. Works with OpenSDA CMSIS-DAP, any ULINK
and J-Link and OpenSDA P&E.

Serial Wire Viewer (SWV): Non-intrusive data trace. Displays interrupts, variables in graphical Logic Analyzer,
data writes and CPU counters. printf display using no UART (printf is slightly intrusive). ULINK2, ULINKpro and
J-Link. SWYV updates while the program is running.

ETM Instruction Trace: S32K-148 and ULINKpro only. Provides a record of all instructions executed in their

order. ETM is useful for debugging program flow problems and program crashes. ETM also supplies Code
Coverage, Performance Analysis and Execution Profiler.

CoreSight Definitions:

Cortex-MO0 and Cortex-MO0+ may have only features 2) and 4) plus 11), 12) and 13) implemented. Cortex-M3, Cortex-M4
and Cortex-M7 can have all features listed implemented. MTB is normally found on Cortex-MO+. It is possible some
processors have all features except ETM Instruction trace and the trace port. Consult your specific datasheet.

1.
2.

o N o U

10.

11.

12.

13.

JTAG: Provides access to the CoreSight debugging module located on the Cortex processor. It uses 4 to 5 pins.

SWD: Serial Wire Debug is a two pin alternative to JTAG and has about the same capabilities except Boundary Scan
is not possible. SWD is referenced as SW in the pVision Cortex-M Target Driver Setup.

The SWJ box must be selected in ULINK2/ME or ULINKpro. Serial Wire Viewer (SWV) must use SWD because
the JTAG signal TDO shares the same pin as SWO. The SWV data hormally comes out the SWO pin or Trace Port.

JTAG and SWD are functionally equivalent. The signals and protocols are not directly compatible.

DAP: Debug Access Port. This is 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. puVision uses the DAP to update Memory,
Watch, Peripheral and RTOS kernel awareness windows 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.

You do not need to configure or activate DAP. uVision configures DAP when you select a function that uses it.
Do not confuse this with CMSIS_DAP which is an Arm on-board debug adapter standard.

SWV: Serial Wire Viewer: A trace capability providing display of reads, writes, exceptions, PC Samples and printf.
SWO: Serial Wire Output: SWV frames usually come out this one pin output. It shares the JTAG signal TDO.
Trace Port: A 4 bit port that ULINKpro uses to collect ETM frames and optionally SWV (rather than SWO pin).

ITM: Instrumentation Trace Macrocell: As used by pVision, ITM is thirty-two 32 bit memory addresses (Port O
through 31) that when written to, will be output on either the SWO or Trace Port. This is useful for printf type
operations. pVision uses Port O for printf and Port 31 for the RTOS Event Viewer. The data can be saved to a file.

ETM: Embedded Trace Macrocell: Displays all the executed instructions. The ULINKpro provides ETM. ETM
requires a special 20 pin CoreSight connector. ETM also provides Code Coverage and Performance Analysis. ETM
is output on the Trace Port or accessible in the ETB (ETB has no Code Coverage or Performance Analysis).

ETB: Embedded Trace Buffer: A small amount of internal RAM used as an ETM trace buffer. This trace does not
need a specialized debug adapter such as a ULINKpro. ETB runs as fast as the processor and is especially useful for
very fast Cortex-A processors. Not all processors have ETB. See your specific datasheet.

MTB: Micro Trace Buffer. A portion of the device internal user RAM is used for an instruction trace buffer. Only
on Cortex-MO0+ processors. Cortex-M3/M4 and Cortex-M7 processors provide ETM trace instead.

Hardware Breakpoints: The Cortex-MO0+ has 2 breakpoints. The Cortex-M3, M4 and M7 usually have 6. These
can be set/unset on-the-fly without stopping the processor. They are no skid: they do not execute the instruction they
are set on when a match occurs. The CPU is halted before the instruction is executed.

Watchpoints: Both the Cortex-M0, M0+, Cortex-M3, Cortex-M4 and Cortex-M7 can have 2 Watchpoints. These
are conditional breakpoints. They stop the program when a specified value is read and/or written to a specified
address or variable. There also referred to as Access Breaks in Keil documentation.
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29) Document Resources: See www.keil.com/NXP

Books:
1. NEW! Getting Started with MDK 5: Obtain this free book here: www.keil.com/mdk5/
2. Thereis agood selection of books available on ARM:  www.arm.com/support/resources/arm-books/index.php
3. MVision contains a window titled Books. Many documents including data sheets are located there.
4. The Definitive Guide to the Arm Cortex-MO0/MO0+ by Joseph Yiu.  Search the web for retailers.
5. The Definitive Guide to the Arm Cortex-M3/M4 by Joseph Yiu. Search the web for retailers.
6. Embedded Systems: Introduction to Arm Cortex-M Microcontrollers (3 volumes) by Jonathan Valvano
7. MOOC: Massive Open Online Class: University of Texas:  http://users.ece.utexas.edu/~valvano/
Application Notes:
1. NEW! Arm Compiler Qualification Kit: Compiler Safety Certification: www.keil.com/safety
2. Using Cortex-M3 and Cortex-M4 Fault Exceptions www.keil.com/appnotes/files/apnt209.pdf
3. CAN Primer using Keil MCB170: www.keil.com/appnotes/files/apnt 247.pdf
4. Segger emWin GUIBuilder with pVision™ www.keil.com/appnotes/files/apnt 234.pdf
5. Porting mbed Project to Keil MDK™ www.keil.com/appnotes/docs/apnt_207.asp
6. MDK-ARM™ Compiler Optimizations www.keil.com/appnotes/docs/apnt_202.asp
7. GNU tools (GCC) for use with pVision https://launchpad.net/gcc-arm-embedded
8. Barrier Instructions http://infocenter.arm.com/help/topic/com.arm.doc.dai0321a/index.html
9. Cortex-M Processors for Beginners: http://community.arm.com/docs/DOC-8587
10. Lazy Stacking on the Cortex-M4: www.arm.com and search for DAI0298A
11. Cortex Debug Connectors: www.keil.com/coresight/coresight-connectors
12. FlexMemory configuration using MDK www.keil.com/appnotes/files/apnt220.pdf
13. Sending ITM printf to external Windows applications: www.keil.com/appnotes/docs/apnt_240.asp
14. NEW! Migrating Cortex-M3/M4 to Cortex-M7 processors:  www.keil.com/appnotes/docs/apnt 270.asp
15. NEW! ARMvV8-M Architecture Technical Overview www.keil.com/appnotes/files/apnt 291.pdf

16. NEW! Determining Cortex-M CPU Frequency using SWV  www.keil.com/appnotes/docs/apnt_297.asp

Keil Tutorials for NXP Boards: www.keil.com/NXP
1. KL25Z Freedom www.keil.com/appnotes/docs/apnt_232.asp
2. K20D50M Freedom Board www.keil.com/appnotes/docs/apnt_243.asp
3. Kinetis K6ON512 Tower www.keil.com/appnotes/docs/apnt_239.asp
4. Kinetis K60D100M Tower www.keil.com/appnotes/docs/apnt_249.asp
5. Kinetis FRDM-K64F Freedom www.keil.com/appnotes/docs/apnt_287.asp
6. Kinetis K64F120M Tower www.keil.com/appnotes/docs/apnt_288.asp
7. S32K-144 EVB Tutorial: www.keil.com/appnotes/docs/apnt_299.asp
8. S32K-148 EVB using ETM: www.keil.com/appnotes/docs/apnt_305.asp

Useful Arm Websites:

1. NEW! CMSIS 5 Standards: https://github.com/ARM-software/CMSIS 5 and www.keil.com/cmsis/
Forums: www.keil.com/forum http://community.arm.com/groups/tools/content https://developer.arm.com/

Arm University Program: www.arm.com/university. Email: university@arm.com
mbed™: http://mbed.org

> wn
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30) Keil Products and contact information: See www.keil.com/NXP
Keil Microcontroller Development Kit (MDK-ARM™) for NXP processors:
= MDK-Lite™ (Evaluation version) 32K Code and Data Limit - $0
= New MDK-ARM-Essential™ For all Cortex-M series processors - unlimited code limit
= New MDK-Plus™ MiddleWare Level 1. ARM7™, ARM9™, Cortex-M, SecureCore®.
= New MDK-Professional™ MiddleWare Level 2. For details: www.keil.com/mdk5/version520.
For the latest MDK details see: www.keil.com/mdk5/selector/

Keil Middleware includes Network, USB, Graphics and File System. www.keil.com/mdk5/middleware/
USB-JTAG/SWD Debug Adapter (for Flash programming too)
= ULINK2 - (ULINK2 and ME - SWV only - no ETM) ULINK-ME is equivalent to a ULINK2.
= New ULINKplus- Cortex-Mx High performance SWV & power measurement.
= ULINKpro - Cortex-Mx SWV & ETM instruction trace. Code Coverage and Performance Analysis.
= ULINKpro D - Cortex-Mx SWV no ETM trace ULINKpro also works with Arm DS-5.

You can use OpenSDA on the S32K board. For Serial Wire Viewer (SWV), a ULINK2, ULINK-ME or a J-Link
is needed. For ETM support, a ULINKpro is needed. OS-JTAG or OpenSDA do not support either SWV or ETM.

Call Keil Sales for more details on current pricing. All products are available.
For the Arm University program: go to www.arm.com/university Email: university@arm.com
All software products include Technical Support and Updates for 1 year. This can easily be renewed.
Keil RTX™ Real Time Operating System
= RTXis provided free as part of Keil MDK.
= No royalties are required. It hasa BSD or Apache 2.0 license. —_— —
= RTX source code is included with all versions of MDK.

| [DIKEIL
= Kernel Awareness visibility windows are integral to pVision. 1 SIKEIL Developmim
= https://github.com/ARM-software/CMSIS 5 | Ggsd °
For the entire Keil catalog see www.keil.com or contact Keil or your e e 3
local distributor. For NXP support: www.keil.com/NXP = |
For Linux, Android, bare metal (no OS) and other OS support on NXP \ l’e# )

i.MX and Vybrid series processors please see DS-5 and DS-MDK at L8 =
www.arm.com/ds5/ and www.keil.com/ds-mdk.

Getting Started with DS-MDK: www.keil.com/mdk5/ds-mdk/install/

For more information:

Sales In Americas: sales.us@keil.com or 800-348-8051. Europe/Asia: sales.intl@keil.com +49 89/456040-20
Keil Technical Support in USA: support.us@keil.com or 800-348-8051. Outside the US: support.intl@keil.com.
Global Inside Sales Contact Point: Inside-Sales@arm.com Arm Keil World Distributors: www.keil.com/distis
Forums: www.keil.com/forum  http://community.arm.com/groups/tools/content https://developer.arm.com/
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