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About this document

Scope and purpose

The aim of this guide is to present the scope, the implementation, the algorithm and a demonstration of the
TLE9893_2QKW62S_BL_AND_APP examples code for the TLE989x Infineon Embedded Power ICs based on Arm®
Cortex® M3. This example code can be found in the Keil pVision Pack Installer.

The full functionalities and characteristics of the embedded power devices are described in the datasheets and
user’s manual. Please refer to these documents for more detailed information. Furthermore, a low level (line-by-
line) description of the code is not the aim of this document, although occasionally some code blocks might be
reported if necessary to the comprehension.

Note: The following information is given as a hint for the implementation of the system only and shall not
be regarded as a description or warranty of a certain functionality, condition or quality of the

referred devices or presented software example.

Intended audience

Design engineers, system engineers, embedded power designers
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1 Introduction

This AppNote describes the concept of the two examples
e BL_AND_APP_BOOTLOADER_EXAMPLE
e BL_AND_APP_APPLICATION_EXAMPLE

This set of examples demonstrates the concept of bootloader (BL) and application (App) and how the two Flash
blocks of the device can be used to realize this concept.

In this set of examples, two separate projects are setup, one for the bootloader and one for the application. Both
executables for both bootloader and application are loaded in different flash memories. The bootloader is in
FLASHO, the application is in FLASH1 (cached).

On power on reset, the Bootloader is executed, and within an endless main loop, a tick count is incremented. If
the tick reaches 100.000, the pin P0.1 is toggled and the LED is switched on or off. Then the tick count is
reinitialized to 0.

If MONL1 is pressed while the bootloader is being executed, the bootloader configures the required settings and
then starts the application.

The application also has an endless loop with a tick counter. The counter is incremented, and if the tick reaches
100.000, pin P0.2 is toggled and the LED is switched on or off. Then the tick count is reinitialized to 0.

If MON2 is pressed while application is being executed, the device will reset and it starts execution of bootloader.

Note: the LED at P0.2 blinks faster when the application is executed, compared to the blinking of LED when
bootloader is executed. This is because the application is executed from FLASH1 with the Cache enabled. The
faster blinking of the LED shows the performance increase due to the cache.

Application Note 20f11 1.1
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Bootloader
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4
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__NVIC_SystemReset()

Figure 1 TLE9893_2QKW62S_BL_AND_APP example concept
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2 Hardware

This chapter shows how to run the TLE9893_2QKW62S_BL_AND_APP examples with the TLE988x/TLE989x
evaluation board. For this the project must be opened and compiled.

Figure 2 shows the TLE988x/TLE989x evaluation board. The application code must be loaded via a debugger (e.g.
ULINK or J-Link) to the board. The board must be powered with 12V (red and black connections).
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Figure 2 TLE988x/TLE989X evaluation board
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This chapter shows the process to follow to get a working bootloader and application example set.

Implementation

3.1 Get the example via the Pack Installer for Keil

Open the Pack Installer within the Keil IDE. See Figure 3 below.

Choose the appropriate device (here TLE9893_2QKW62S) on the left-hand side. On the right-hand side, select the
tab Examples, where you can access the TLE9893_2QKW62S_AND_AND_APP_BOOTLOADER and
TLE9893_2QKW62S_BL_AND_APP_APPLICATION examples.

Clicking on “Copy” will copy the examples on your computer and open them.

Both examples need to be flashed to the target.

@ Pack Installer - C:\Keil_v3\ARM\Pack - m] X
File Packs Window Help
Device:  Infineon - TLE9893_20KW625
ﬂ Devices Boards ﬂ ﬂ Packs Examples ﬂ
Search: - X |7 Show examples from installed Packs anly
Device /| Summary Example Action Description
=+ # Infinecn 3533 Devices j TLES293_20KWE25_ADC1_POTI_SWTRG (TLEQS&x . | Copy Reading the Poti voltage via an ADC1 measurement and di
HTE CYW208xx 3 Devices 4 ! CD!I Simple blinking LED
+713 iIMOTION 2 Devices TLES293_20KWE25_BL AND _APP_APPLICATION ... Bootloader and Application example set: Application part
+°1§ PSoC 60 2 Devices TLES293_20KWE25_BL AND_APP_BOOTLOADER .. Bootloader and Application example set: Application part
+- % PSoC 61 33 Devices " ) ! CD!I The CAM Driver demo is intended to allow evaluation of thy
+-I% PSoC 62 33 Devices TLE9893_20KWE25_CCU7_PWM (TLE988x/TLESSS.., ! Copy Generating 3 different PWM signals with CCU7
+*T§ PSoC 63 27 Devices TLESES3_20KW625_GETTING_STARTED (TLES88x/... ! Copy Getting started Project with all components
=% PSoC 64 6 Devices TLE9893_20KWE2S_MVM_PROG_UCODE (TLESES... | Copy Writing a page to user code flash area
+°T§ PSoC 4300H G Devices TLE9893_20KWE25_NVM_PROG_UDATA (TLESSSx... | 4 Copy Writing a page to user data flash area
=-*1§ TLDA0xx Series 1 Device TLEG293_2QKWE25_PMU_SLEEP_EXTRG (TLE388x... ! Copy Entering sleep mede and wakeup via external MOM1 trigge
=-*T§ TLE9®xx Series A7 Devices TLE9293 20KWE2S_PMU_STOP_EXTRG (TLES28x/ ... ! Copy Entering stop mede and wakeup via external GPIO trigger
+-“1§ TLE984x Series 7 Devices TLE9293 20KWE25_S5C0_LOOPBACK S5C1 (TLES.. ! Copy Sending magic value via 55C0 and loopback to S5C1 (SPI)
+. 715 TLE985x Series 7 Devices TLE9893_20KWE2S_T20_RELOAD_INTIRG (TLES8S..| 4 Copy Blinking a LED via T20
+- I3 TLE986x Series 7 Devices TLE9293_2C0KWE2S_UART_PRINTF (TLE982x/TLES... ! Copy Using printf to write via UART debug pin
+- 15 TLE98Tx Series 14 Devices TLE9293_2C0KWE2S_UART_TRAMNSCEIVER (TLE9ES... ! Copy Sends and receives data via jlink pins using the uart,
#-T5 TLE98Bx Series 3 Devices
=T TLE98Gx Series 9 Devices -
+- T3 TLESE91 3 Devices
=% TLEG893 5 Devices
8 TLE9BI3QKWERS ARM Cortex-M3, 60 MHz, 31 kB RAM...
£ TLE9893 20KWE2S ARM Cortex-M3, 60 MHz, 31 kB RAM...
6 TLE9893_2aTAG2 ARM Cortex-M3, 60 MHz. 31 kB RAM...
8 TLE9893_20TAG2S ARM Cortex-M3, 60 MHz. 31 kB RAM...
£3 TLE9893_20TWE2S ARM Cortex-M3, 60 MHz, 31 kB RAM...
43 TLESB93_20KW625_internal | ARM Cortex-M3, 60 MHz, 31 kB RAM...
=t XMC1000 113 Devices JRa ||| KNl |

Figure 3 Keil Pack Installer

3.2

In order to see the configured settings, start the tool Config Wizard. It is available within the Keil IDE through a
shortcut in the Tools menu.

Configuration

The Config Wizard opens and shows an overall status of the current pin configuration.
Settings in the bootloader project:

e PO0.lisused and configured as output

e MON1 Rising edge interrupt is configured

Settings in the application project:

e P0.2isused and configured as output

11
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MONL1 Rising edge interrupt is configured

3.3

The executables for both  projects
TLE9893_2QKW62S_BL_AND_APP_BOOTLOADER

will

be
will

flashed
be

Settings for loading both examples to the device

in d

loaded

flash
FLASHO,

memories.
while

ifferent
to

TLE9893_2QKW62S_BL_AND_APP_APPLICATION will be programmed to FLASH1 memory.

Following settings are required to flash the both executable to correct memory segment (Keil uVision).

Settings in the bootloader project:

KA Options for Target ‘TLE9893_20KWE2S'

Device Target lOLrtpl.rt] Ligting] User ] C/Ce= {ACG}] Asm ] Linker] Debug] Util'rties]

Infineon TLES833_2QKWE25

Code Generation

ARM Compiler:

|Use default compiler version 6 j

Mal (MHz): [<undefined:
Operating system: | None J ™ Use MicroLIB [
System Viewer File:
[ie889csvd J
I Use Custom File
Read/Only Memory Areas Read/Write Memory Areas
default  offchip Start Size Startup default  offchip Start Size MNolnit
I~ ROM1 . r RAM1: I
roeomz[ [ - I N
o[ [ roemx[ [
on-chig on-chip
¥ (ROM1; |0<11000000 [Gx6000 & M IRami 018000000 [02000 [T
[T IROMZ: |(x12002000 |C«3ECOD . W IRAMZ: |(x13002000 |0w5CO0 I~
,Tl Cancel | Defaults | Help

Figure 4 settings for TLE9893_2QKW62S_BL_AND_APP_BOOTLOADER in Keil uVision

Settings in the application project:

KA Options for Target 'TLE9893_2QKWE2S'

Device Target ]Output] Listing] User ] C/C++ {ACG}} Asm ] Linker] Debug] Util'rties]

Infineon TLES833_2QKWE25

Code Generation

ARM Compiler:

|L|se default compiler version & j

Mal (MHz): |<undefined:
Operating system: | None J [ Use MicroLIB [
System Viewer File:
[1e585¢ svd =
I™ Use Custom File
Read/Only Memory Areas ReadWrite Memory Areas
default  offchip Start Size Startup defaut  offchip Start Size Nalnit
r oromt:| [ roerw:| [ ¢
r oeomz| [ - N L
r oeromx[ [ roRm[ [ ¢
Saechic on-chip
™ IRom1: [<11000000  [Gxs000 r W  IRAM1. 218000000  [0x2000 -
M IROMZ2: [012002000 [nGEDB0 @ M IRaM2: [13002000 [wSCO0
oK | Cancel | Defaults | Help

Figure 5 settings for TLE9893_2QKW62S_BL_AND_APP_APPLICATION in Keil uVision
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In IAR, a custom linker file has to be added which only uses FLASHO (bootloader) or only FLASH1 (application).
This is already done in the examples; the linker files can be seen in “Options for node” --> “Linker”. An example
of the bootloader can be seen in the figure below.

| Category: Factory Settings |

General Options
| |Static Analysis
Runtime Checking
| C/C++ Compiler
Assembler
Qutput Converter
Custom Build
Build Actions
Debugger
Simulator
CADI
CMSIS DAP Configuration file symbol definitions: {one per line)
| GDEB Server |
i I-et |
J-Link/1-Trace
TI Stellaris
Mu-Link
PE micro
ST-LINK
Third-Party Driver
TI MSPFET
TIXDS

Hdefine
Carfi

Diagnostics

Checksum Encodings Extra Options

Linker configuration file
Ovenide default
|ER \TLES833_2QKWE2S_BL_AND_APP_BOOTLOADER jcf

Edit...

| ()3 Cancel |

Figure 6 settings for TLE9893_2QKW62S_BL_AND_APP_BOOTLOADER in IAR

In this example have to be flashed one after other, order does not matter. It important that while flashing the
second example “Erase Full Chip” must not be selected to not erase the other example.

Following figure shows this setting in Keil uVision:

Application Note

Cortex JLink/JTrace Target Driver Setup X
Debug ] Trace Fash Download
Download Function RAM for Algorithm
Laan " Erase Full Chip [ Program
"Fi (% FErase Sectors ¥ Verify Start: |D:<1SDDDDDD Size: |« 1000
" Do not Erase [~ Reset and Run
Programming Algorithm
D iption | Device Size | Device Type Address Range
Infineon TLES88x/TLES8Sx ... 24k On-chip Flash 11000000H - 11005FFFH
Infineon TLES88x/TLES8Sx ... 8 On-chip Flash 11006000H - 11007FFFH
Infingon TLES88x/TLES8Sx ... 248k On-chip Flash 12002000H - 1203FFFFH
Start: | Size: |
Add |
OK | Cancel | |

Figure 7 Settings for erasing the device for download in Keil uVision
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3.4 Sample code for bootloader

Figure 8 shows the application code for LED blinking operation and jumping to the application program when
MON1 is pressed. The watchdog service is executed in order to avoid any stall during the execution.

During each loop, the u32 tick value is incremented. If the u32 tick value reaches 100.000 here the
GPIO setP0lState callisexecuted. Thisisan available API call which toggles the pin P0.1 through the enum
argument GPIO STATE TOOGLE. Toggle means that the pinis set to low if it was high and vice versa. Once the
callisdonetheu32 tickvalueisreinitialized to 0.

If MONL1 is pressed, then b_jumpToApplication is set to 1, in case that some checks are done to make sure that
stack pointer and reset handler for application are within valid range of RAMs and FLASH1 respectively.

After that VTOR is re configured to point to the vector table new application. And Finally, program execution is
jumped to the application programmed in FLASH1.

for (::)
{
f*# Main watchdog service *)f

(void) PMU serwviceFailSafeWatchdog():

u32_ tick++:

if (u32_rtick > 100000

{
GPIC setPO25tate (GPIO_STATE TOGGLE) ;
u3z tick = 0;

if (b_jumpTofpplication == true)
{
/* Check if stack pointer is in one of the 2 RAMs and reset handler is within Flashll range */f
if (Address[0] >= RAM START ADRESS &&
Addres=s[0] < RRM END ADDRESS &&
Address[1l] »>= FLASH1 STRRT ADDRESS &&
hddress[1l] < FLASH1 END ADDRESS)
{
f# Service Watchdog */

PMU serviceFailSafeWatchdogSOW():

* Disable all interrupts */
_ disable irgi):

/* point VIOR to new vector table */
CPU->VIOR.req = USER _APPLICATION VIAE ADDRESS;

S*¥Junp to new application */f
BootJumphSHM (| Address[ O ], Address[ 1 ] )} :
élse
{
f# Error hadling in case of wrong stack pointer or reset handler address */
Figure 8 TLE9893_2QKW62S_BL_AND_APP sample code
Application Note 8of11l 1.1
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See the code examples at www.infineon.com
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