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TLE9893_2QKW62S_UART_TRANSCEIVER

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_UART_TRANSCEIVER example 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 codeblocks 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

A command menu is written to the standard output (see Figure 1). A user-defined stdout target as well as a

user-defined stdin target is implemented in the UART module. The redirection is established via the compiler-
[/O-STDOUT RTE and compiler-1/O-STDIN RTE settings.

Ef COM11 - PuTTY

Figure 1 Command menu

The pin P1.1 used as output is one debug pin on the USB device. The pin P1.2 used as input is another debug
pin on the USB device.

Figure 2 shows the transmission of the ack command including the echo which can be seen on the UART

transmit and receive buffer registers. The ACK response can be seen on the transmit buffer register immediately
after the ack command is received.

Signals Waves
Time

TXBUF_REG([31:0]
RXBUF REG[31:0]

Figure 2 Transmission of ack command

The TLE9893_2QKW62S_UART_TRANSCEIVER example has implemented three commands for demonstration
purpose:

e cid - returns the chip ID (demonstrates scenario request & response with individual data)
e ack-returns an acknowledgement (demonstrates scenario request & acks request without data)
e nak - keeps silent (demonstrates scenario request & no response)

e anyother command will be ignored and an error response is sent out.
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Figure 3 shows the execution of all those described commands and their appropriate expected response.

2@ COM1T - PuTTY

Figure 3 All commands executed with their expected response
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2 Hardware

This chapter shows how to run the TLE9893_2QKW62S_UART_TRANSCEIVER example 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 4 TLE988X/TLE989X evaluation board

The output pin P1.1 and the input pin P1.2 can be tapped on the red arrow.

Alternatively, a USB connection can be established to a local PC, which emulates a virtual COM port. The
relevant COM device number can be identified via the Device Manager on Windows systems or the dmesg tool
on Unix based operating systems.
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In order to show the output on a command console, free tools like Putty or TeraTerm can be used. The UART1
in this example is configured with:

- atransmission baud rate of 115200,

8 data bits,

1 stop bit,

no parity and no flow control.
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3

This chapter shows the process to follow to get a working TLE9893_2QKW62S_UART_TRANSCEIVER example.

Implementation

3.1 Get the example via the Pack Installer for Keil

Open the Pack Installer within the Keil IDE. See Figure 5 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_UART_TRANSCEIVER example.

Clicking on “Copy” will copy the example on your computer and open it.

@ Pack Installer - C:\Keil_v5\ARM\PACK = O X
File Packs Window Help
Device: Infineon - TLE9893QKW62S
ﬂ Devices Boards }J ﬂ Packs Examples M
Search: - X [V Show examples from installed Packs only
Device Summary Example Action Description
= ¥ Infineon 201 Devices :j TLE9893_2QKW62S_ADC1_POTI_SWTRG (TLE9... | € Copy Reading the Poti voltage via an ADC1 measurement and displaying it on {|
+-% iIMOTION 1 Device TLE9893_2QKW62S_BLINKY_SIMPLE (TLE988x/... € Copy Simple blinking LED
=13 TLESSxx Series 47 Devices TLE9893_2QKW62S_CCU7_PWM (TLE988x/TLE... 2 Copy Generating 3 different PWM signals with CCU7
#-“1% TLE984x Series 8 Devices TLE9893_2QKW62S_GETTING_STARTED (TLE9S... 2 Copy Getting started Project with all components
+ 13 TLE985x Series 7 Devices TLE9893_2QKW62S_NVM_PROG_UCODE (TLE... 2 Copy Writing a page to user code flash area
# 1§ TLE986x Series 7 Devices TLE9893_2QKW62S_NVM_PROG_UDATA (TLES... 2 Copy Writing a page to user data flash area
+-“1 TLE987x Series 14 Devices TLE9893_2QKW62S_PMU_SLEEP_EXTRG (TLES... | € Copy Entering sleep mode and wakeup via external MON1 trigger
+ “15 TLE988x Series 3 Devices TLE9893_2QKW62S_PMU_STOP_EXTRG (TLE9S... 2 Copy Entering stop mode and wakeup via external GPIO trigger
=% TLE989x Series 8 Devices TLE9893_2QKW62S_SSCO_LOOPBACK_SSC1 (T... ! Copy Sending magic value via SSC0 and loopback to SSC1
+-% TLE9891 3 Devices TLE9893_2QKW62S_T20_RELOAD_INTTRG (TLE... € Copy Blinking a LED via T20
=13 TLE9893 5 Devices TL = - Using printf to write via UART debug pin
ARM Cortex-M3, 60 MHz <' TLE9893_2QKW62S_UART_TRANSCEIVER (TLES...| € Copy Sends 8y receives data via jlink pins using the uart.
TLE9893_2QKW62S | ARM Cortex-M3, 60 MHz T—
£ TLE9893 2QTA62 | ARM Cortex-M3, 60 MHz
TLE9893_2QTA62S | ARM Cortex-M3, 60 MHz
TLE9893_2QTW62S | ARM Cortex-M3, 60 MHz
i s e | B ol

Figure 5 Keil Pack Installer

In order to redirect the stdout functions - the printf call in the example, adjust the runtime environment setting
for the compiler within the Keil IDE. Select the option “User” under Compiler ->1/0 -> STDOUT (see Figure 6).

In order to redirect the stdin functions - the stdin_getchar call in the example, adjust the runtime environment
setting for the compiler within the Keil IDE. Select the option “User” under Compiler ->1/0 -> STDIN (see Figure
6).

In the TLE9893_2QKW62S_UART_TRANSCEIVER example, the debug output and the debug input are shown.
Therefore, the stdout and stdin is set. In case stderr or file access is necessary, this can be set in the Manage
Run-Time Environment window as well.

6 of 15 11

2022-10-13



restricted

TLE9893_2QKW62S_UART_TRANSCEIVER

infineon

Manage Run-Time Environment X
Software Component Sel, Variant Version  Description
’ CMSIS Cortex Microcontroller Software Interface Components
. CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Specifications
=€ Compiler ARM Compiler 1.6.0 Compiler Extensions for ARM Compiler 5 and ARM Compiler 6
¥ Event Recorder I_ DAP 1.4.0 Event Recording and Component Viewer via Debug Access Port (DAP)
=] ’ _ Retarget Input/Output
¥ File [ File System 1.20 Use retargeting together with the File System component
v CTDEEE — Breakpoint v|1.20 Stop program execution at a breakpoint when using STDERR
¥ STDIN (v v 120 Retrieve STDIN from a user specified input source (USART, Keyboard or other)
@ STDOUT [v v 1120 Redirect STDOUT to a user defined output target (USART, Graphics Display or other)
¢TIV | Breakpoint v|1.20 Stop program execution at a breakpoint when using TTY
23] . Device Startup, System Setup
2] . File System MDK-Plus v 6.13.8 File Access on various storage devices
H . Graphics MDK-Plus v 6.10.8 User Interface on graphical LCD displays
] . MNetwork MDK-Plus v | 7.140 1Pv4 Networking using Ethernet or Serial protocols
2] ’ use MDK-Plus v 16.14.1 USE Communication with various device classes
| J 4
Validation Output Description
Resolve | |Select Packs| | Details ok | cancel | Help

Figure 6 RTE settings for stdout and stdin

Within the runtime environment settings at the device folder tree, the correct set of the device design step must
be approved. The design step is written on the device. By default, AA is selected. (see Figure 7).

Manage Run-Time Environment X
Software Component Sel. Variant Version  Description
’ CMSIS Cortex Microcontroller Software Interface Components
€ CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Specifications
® 4 Compiler ARM Compiler 1.6.0 Compiler Extensions for ARM Compiler 5 and ARM Compiler 6
=] ’ Device Startup, System Setup
¥ Config\Wizard v 0.0.0 Infineon ConfigWizard Configuration File
001 |Select if target device is AA-Step
Uevic e 0.01 Select if target device is AB-Step
¥ Startup (Internal) [ 031 System Startup for Infineon TLES88x/TLE989x device series
@ Startup v 0.3.1 System Startup for Infineon TLES88x/TLE989x device series
@ € TLELb
3] ’ File System MDK-Plus v 16.13.8 File Access on various storage devices
R Graphics MDK-Plus v |6.10.8 User Interface on graphical LCD displays
@ € Network MDK-Plus v |7.14.0 IPv4 Networking using Ethernet or Serial protocols
3] ’ USB MDK-Plus ~ 16,141 USB Communication with various device classes
Figure 7 RTE settings for design step
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3.2 Configuration

In order to see the configured output pin for the UART, start the tool Config Wizard can be started. It is available
within the Keil IDE through a shortcut in the Tools menu.

The Config Wizard opens and shows an overall status of the current pin configuration. In Figure 8, the pin P1.1is
configured as the debug output and the pin P1.2 is configured as the debug input.

Infineon
Toolbox

Config Wizard ®

File Extras

Pin Overview BSL SCUand Cache PMU Interrupt GPIOs MON ADCL CSA/CSC ADC2 SDADC CCU7 BDRV BEMFC CANTRX GPT12 SSC Timer 2x UART DMA

NOTE: The pins designated with an asterisk (*) are available only in the 64-pin variants.

nnnnn

Input

Detalls... Input

Export.. 3t MONL Input

4: FIFO (%) Tnput
5: VS Input
6: VDH
7:VSD
8: CPIL

41: P0.9 (¥)  Input

9: CP1H

10: VCP

11: CP2H

12: CP2L

|
|
|
|
|
|
( 1|
40: P0.8 [”)l
39: P0.7 ml
38: PO.5 (*)l

37: P05 (%)

Input
Input
Input

Input

36: P0.4 (%)

13: SHL Tnput

14: GHL Tnput

|
|
I
|
|
|
|
|
|
|
|
|
|
|
15: SH2 Input
Iui: GH2 Input

Hichi

29: P14 (*)

26! PL1
|
30: T™MS

31: P0.10

32: PO.0

Eo@® @ 8 4 @ mox ull o r~

1
2

PMURESET

[a)
2
=
=
5
3

Tput
Tput

UARTL RXD

NS
Figure 8 Config Wizard pin overview

In order to configure the UART module for the TLE9893_2QKW62S_UART_TRANSCEIVER example, select the
UART tab.

Enable the UART1 module. Next, select the 8-bit UART mode with variable baudrate. The baudrate is set to
115200 in the blue box Baudrate Generator Settings. This is one of the common speed settings for the UART.

In the pink box Transmission Settings, select the pin P1.1.
In the green box Reception Settings, select the pin P1.2 and set the radio box Enable receiver of serial port.

In the yellow box Interrupt, enable both receive interrupt radio boxes and rewrite an intuitive name for the
interrupt service routine, here uart_receive.
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See Figure 9 Config Wizard, module UART for more details.

Infi . .
oot Config Wizard o
File Extras

Pin Overview BSL SCUand Cache PMU Interrupt GPIOs MON ADCl CSA/CSC ADC2 SDADC CCU7 BDRV BEMFC CANTRX GFT12 SSC Timer 2x UART DMA

RTO UARTL
< ® Enable UART1
——— —"RT 1 Diagr
Mode Selection @S—mt UART, variable baudrate ‘-| >
e

Enable STDIN / STDOUT =] fPER = 40 MHz
[~ UARTI Configuration
Prescaler
~Baudrate Generator Settings
BNICT
< Baudrate Value 115200 Baud S hd
--m —
Baudrate Value [19200 Baud = BR = 115273 Baud
Effective Baudrate [Baud] 115273
Deviation Error [%6] 0.06
Rece] il
< #™T Input Selection [P12 N I*] Mo TTTTTTTTTTT T om s T o m e K
NEzble Receter of Serial Fort B~ i Mode 1: 8-bit UART, Variable Baudrate
Receiver Mode | RXBUF is updated if IS.RI = 1 "‘ 1 '
I !
i !
i RECEPTION i
Transmit Start Trigger Selection ‘Wmte to TXBUF : :
I !
Enable TXD.L In} 0 B  Serial Reception Enabled l RXD-P1.2
[« : Output Selection P11 ! '
i !
= i MSB LsB :
Interugt— e GIITITITL) "
o Receive Interrupt ] ! '
! RB8 RXDATA !
Node Selection [UART_INPO_NVIC_RQn \ =] ' '
! !
E
nable Receive Interrupt ) / ' '
Nagallback Iuartjecelve | '
K L ! !
Transmit Interrup; ! '
n \ TRANSMISSION !
Node Selection [UART_INPO_NVIC_IRQn =] | !
Enable Transmit Interrupt O i Transmit Start: ~ Write to TXBUF ! TXD-P1.1
! !
Callback place_your_function_callback_here : : >
End Of Sync Interrupt m] : :
Mode Selection [UART_INPO_NVIC_IRQn =] i MSB LSB :
! '
Enable End of Sync Interrupt O 0 TXBUF | 1 I ‘ ‘ | | ‘ ‘ | | !
v c ! I
Callback  [place_your_function_callback_here ; B8 TXDATA :
Sync Error Interrupt m} ! !
! !
Mode Selection [UART_INPO_NVIC_IRQn =] g :
Enable Sync Error Interrupt
Callback place_your_function_callback_here
Figure 9 Config Wizard, module UART1
Finally, save your configuration to take these changes into account (File -> Save).
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33 Sample code

Figure 10 shows the application code of the TLE9893_2QKW62S_UART_TRANSCEIVER example.

Within the endless loop, the handleCommand () method is called when the b _cmdTrigger value is true.
The value will become true when a full command is received. This is set by the uart receive () interrupt
service routine (see Figure 11).

104 for (::)

105 [ |

106 /* Main watchdog service

107 (void) PMU serviceFailSafeWatchdog():
108

109 f* Check for activated command handler trigger */
110 if (b cmdTrigger == true)

111 = {

112 /* Handle new command */

113 handleCommand () :

119 | }

115 | }

116 :

Figure 10 Main loop in the application code

The uart receive () interrupt service routine (see Figure 11) is called when a new byte is received and
available in the uart receive buffer.

First, to avoid buffer overflows, the already received bytes without a newline character are checked against the
maximum allowed BUFFER_SIZE. If the maximum is reached, the boolean b _cmdTrigger is set to true
without receiving a newline or getting the pending character.

Otherwise the pending character is received and echoed to the stdout (to see the entered characters on the
console). Next the received character is checked for a newline. If so the booleanb cmdTrigger is set to true.

Finally, the receive counter is incremented before the interrupt service routine is finished.

10 of 15 11
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165 /* UART receive ISR */

166 void uart_receive()

167 [ {

168 | /* Check for buffer overflow

169 if (u8_readCnt < BUFFER SIZE)

170 {

171 /* Receive byte from P1.2 */

172 u8 buffer[u8 readCnt] = (uint8) stdin getchar():
173

174 /* Echo byte to stdout to show character on console
175 printf ("%c", u8 buffer[u8 readCnt]):

176

177 /* Check if received character was a newline */
178 ' if (u8 buffer[u8 readCnt] == 0x0d)

179 [ {

180 | /* Add a final 0x00 to the string buffer

181 u8_buffer[u8 readCnt] = 0x00;

182

183 /* Trigger command handler */

184 b _cmdTrigger = true;

185 } }

186 /* Increment receive counter for new character
187 u8_readCnt++;

188 | }

189 else

190 [ {

191 /* Receive buffer is full -> handle command without newline */
192 b _cmdTrigger = true;

193 | }

Figure 11 uart_receive() interrupt service routine

Once a full command is received, the b cmdTrigger value is set to true and the handleCommand ()
method is called (see Figure 12).

Initally no character is received and the u8_readCnt is 0. In that case only the command menu is written to
the stdout.

If a command is available (u8 readCnt is not 0), the command will be interpreted. In this example three
commands are implemented: cid, ack, nak:

- The ‘cid’ command reads out the device chip identifier and sends it back to the stdout.
- The‘ack’ command returns an acknowlegdement to the stdout.
- The ‘nak’ command just accepts the command and returns nothing.

In case the command cannot be interpreted, an error is written to the stdout.

Once the command is interpreted and handled, the command menu is written to the stdout, the u8 readCnt
issetto0andtheb cmdTrigger issetto false. The system is now waiting for a new command again.

110f 15 11
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118 /* Command handler */

119 void handleCommand()

120 [H{

121 /* Declare and initiate chip ID value */

122 uint32 u32_chipld = 0;

123

124 /* Check for initial call - only the menu must be printed */
125 if (u8_readCnt != 0)

126 [ {

127 /* Check for 'cid' command */

128 if (strcmp((void *) u8 buffer, "cid") == 0)
129 [ {

130 /* Read unique chip ID */

131 user cid get (&u32_chipld):

132 /* Send out chip ID via stdout */

133 printf("\n --> CHIP ID Ox%x\n", u32 chipld):
134 }

135 /* Otherwise check for 'ack' command */

136 else if (strcmp((void *) u8_buffer, "ack") == 0)
137 = {

138 /* Send out acknowledgement via stdout */
139 printf("\n --> SEND ACKnowledgement\n"):;

140 }

141 /* Otherwise check for 'nak' command */

142 else if (strcmp((void *) u8 buffer, "nak") == 0)
143 [H {

144 }

145 /* Otherwise unknown command */

146 else

147 [H {

148 /* Send error message via stdout */

149 printf ("\n --> ERROR: command unknown\n"):;
150 }

151 }

152 |

153 /* Print a fancy simple command menu */

154 printf("\n*** Command menu ***\n");

155 printf (" <cid> - sends chip id\n"):

156 printf (" <ack> - sends ack\n"):;

157 printf (" <nak> - keeps silent\n"):;

158 printf ("Enter a command:> ")

159 /* Reset u8 readCnt for new command */

160 ug_readCnt = 0;

16l /* Deactivate command handler until new one is received */
162 b _cmdTrigger = false;

163 | }

Figure 12 Command handler
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See the code examples at www.infineon.com
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