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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_CCU7_PWM 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

In the TLE9893_2QKW62S_CCU7_PWM example, three signals are modulated and output via the GPIO pins P1.2,
P1.0 and P0.9. Three respectively inverted signals are modulated and output via the GPIO pins P0.3, P1.1 and
P0.8. The timer T12 is configured with a period time of 50us. The choosen operation mode is edge-aligned.

Table 1 shows the configured channels and their corresponding output pins. The channel 2 is only applicable
on 64-pin devices.

Channel DC CCTx COUTT7x
Cho 50% P1.2 P0.3
Chi 25% P1.0 P1.1
Ch2 80% P0.9 P0.8

Table 1 Overview about the configured channel

Figure 1 shows the configured CCU7 signals and their expected output flow for a 50us time period.

CCU7 Output signals

CCT0
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Figure 1 Overview of all output signals from Config Wizard
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The channel 0 is configured with two compare values CC70A, for a duty cycle of 25%, and C70B, for a duty cycle
of 75%.

Figure 2 shows the expected output for the channel 0:

- The blue line represents the signal with the compare values defined above at the pin P1.2: the signal
starts with low level until 25% of the 50us time period (= 12.5us) and stays high until the duty cycle of
75% (= 37.5us) is reached.

- Theyellow line represents the corresponding inverted signal at the pin P0.3.

50 us time period

Figure 2 Capture of signal on pin P1.2 and its corresponding inverted signal on pin P0.3
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The channel 1 is configured with two compare values CC71A, for a duty cycle of 50%, and C71B, for a duty cycle
of 75%.

Figure 3 shows the expected output for the channel 1:

- The blue line represents the signal with the compare values defined above at the pin P1.0: the signal
starts with low level until 50% of the 50us time period (= 25us) and stays high until the duty cycle of
75% (= 37.5us) is reached.

- Theyellow line represents the corresponding inverted signal at the pin P1.1.

50 ps time period

Figure 3 Capture of signal on pin P1.0 and its corresponding inverted signal on pin P1.1
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The channel 2 is configured with two compare values CC72A, for a duty cycle of 10%, and C72B, for a duty cycle
of 90%.

Figure 4 shows the expected output for the channel 2:

- The blue line represents the signal with the compare values defined above at the pin P0.9: the signal
starts with low level until 10% of the 50us time period (= 5us) and stays high until the duty cycle of 90%
(=45us) is reached.

- Theyellow line represents the corresponding inverted signal at the pin P0.8.

This signal is shown for the 64-pin devices only.

50 ps time period

Figure 4 Capture of signal on pin P0.9 and its corresponding inverted signal on pin P0.8
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2 Hardware

This chapter shows how to run the TLE989X_2QKW62S_CCU7_PWM example with the TLE988X/TLE989x
evaluation board. For this the project must be opened and compiled.

Figure 5 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 5 TLE988X/TLE989X evaluation board
The modulated output signals can be tapped on the GPIO pins P1.2, P1.0 and P0.9.

The modulated corresponding inverted signals can be tapped on the GPIO pins P0.3, P1.1 and P0.8.
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3 Implementation

This chapter shows the process to follow to get a working TLE9893_2QKW62S_CCU7_PWM example.

3.1

Open the Pack Installer within the Keil IDE. See Figure 6 below.

Get the example via the Pack Installer for Keil

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_CCU7_PWM example.

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

@ Pack Installer - C:\Keil_v5\ARM\PACK o O X
File Packs Window Help
Device: Infineon - TLE9893QKW62S
4| Devices | Boards ] [« Packs ' Examples b
Search: - X [V Show examples from installed Packs only
Device Summary Example Action Description
= ¥ Infineon 201 Devices _A_j TLE9893_2QKW62S_ADC1_POTI_SWTRG (TLE9... ! Copy Reading the Poti voltage via an ADC1 measurement and displaying it on {|
+-“1 iIMOTION 1 Device [LESSoSRanerrersS - Simple blinking LED
=115 TLESSxx Series 47 Devices TLE9893_2QKW62S_CCU7_PWM (TLE988x/TL erating 3 different PWM signals with CCU7
#12 TLE984x Series 8 Devices TLE9893_ZURWwozs™e = = op Getting started Project with all components
+ “1$ TLE985x Series 7 Devices TLE9893_2QKW62S5_NVM_PROG_UCODE (TLE... i Copy Writing a page to user code flash area
# 1§ TLE986x Series 7 Devices TLE9893_2QKW62S_NVM_PROG_UDATA (TLES... i Copy Writing a page to user data flash area
+-“13 TLE987x Series 14 Devices TLE9893_2QKW62S_PMU_SLEEP_EXTRG (TLES... | € Copy Entering sleep mode and wakeup via external MON1 trigger
# %5 TLE988x Series 3 Devices TLE9893_2QKW62S_PMU_STOP_EXTRG (TLE9S... 2 Copy Entering stop mode and wakeup via external GPIO trigger
=-“1% TLE98Ox Series 8 Devices TLE9893_2QKW62S_SSCO_LOOPBACK_SSC1 (T... 2 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 i TLE9893_2QKW62S_UART_PRINTF (TLE988x/TL... ! Copy Using printf to write via UART debug pin
] ARM Cortex-M3, 60 MHz TLE9893_2QKW62S_UART_TRANSCEIVER (TLES...| € Copy Sends and receives data via jlink pins using the uart.
TLE9893_2QKW62S | ARM Cortex-M3, 60 MHz
@ TLE9893 2QTA62 | ARM Cortex-M3, 60 MHz
TLE9893_2QTA62S | ARM Cortex-M3, 60 MHz
€8 TLE9893 2QTW62S | ARM Cortex-M3, 60 MHz
g ot | B 0
Figure 6 Keil Pack Installer
. .
3.2 Configuration

In order to see the configured pins, start the tool Config Wizard
shortcut in the Tools menu.

The Config Wizard opens and shows an overall status of the curre
P1.0 and P0.9 are configured to output the modulated signals.
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[ Config Wizard C:A\Users\

Infineon

Toolbox CONFig Wizard

File Extras
Pin Overview BSL SCU PMU Interrupt GFIOs MON ADCI CSA/CSC ADC2 SDADC CCU7 BDRV BEMFC CANTRX GFTi2 SSC Timer 2x UART DMA

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

- T2 T+ _% _H ________
I 2 4z 8 8 8 5 8 58G
3 &8 5 = 58 3§ > s =

|1 moset 8 ¢ @ & & & & & g ¢ | T
Details... |2 MON2 (*) | Input
Export... 3: MON1 Input

|4 FIFO (*) | Input

| Vs | Input

I |

VDH

|7 VsD

|B CP1L 41: P0.9 (*)| CCU7 CC72

|9 CP1iH 40: P0.8 (")| CCU7 COUT72

|10 vCP |

|11 CP2H 38: P0.6 (*)| Input

|12 cP2L 37: PO.5 (*)| Input

|13 SH1 36: R0k |

|15 SH2 4P | o

|16. GH2 § 33: PO.1 | Input

& 5 d 3 3 @ 3 5 5 £ £ 8 8
B = @ B B 8 F = S < IS

CCU7 COUT71  26: PL.1

PMU RESET

CCu7 CC70

—
g
(v
[y
3
(V]

Input

Figure 7 Config Wizard pin overview

In order to configure the CCU7 module for the TLE9893_2QKW62S_CCU7_PWM example, select the CCU7 tab.
Figure 8 shows the available settings for the CCU7 module.
The Timer T12 is used and configured in the blue box Timer, Clock (see Figure 9).

The behavior of the modulation is set in the pink box Modulation Configuration. For this example, all CC7X and
their corresponding COUTTX signals are configured with the compare A/B registers (C7XA/B State Bit).
Additionally, the level of the output after a compare can be set.

The output pins are configured in the yellow box Pin Select (see Figure 10).
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The configured result (time behavior and output signals) is displayed on the right-hand side of the CCU7

module.

File Extras

Infi - .
Toolbox  CoONfig Wizard

0]

%]

Timer, Clock

T2 T13 T4 TI5 [

€cu7 Clock

- Individual Deadtime

e T —
=
Use CCU6 compatible mode fo... O
Clock Select fCCU7: No prescaler selected =]
Add. 1/256 prescaler [m)
T12 Clock 60MHZ
Max. Period 1092.25u8
Operation Mode Edge-aligned B
Single Shot Disabled B
Trigger External Run Select Disabled B
T12 Period Duration 50 ] [time tus] -
#- Capture/Compare Modes
= Compare Values
CC70A Compare Value o [z E] [quty qcle %] [+
€708 Compare Value 75 ] [auty qcle %] [+
CC71A Compare Value o s ] [uty qcle %] [+
€718 Compare Value 75 ] [auty qcle %] [+
CCT72A Compare Value e |10 =] |duty oycle [%] [+
C72B Compare Value 90 =] |duty oycle [%] [+
= - Register Value Summary
Deadtime Configuration
= \
Clock Select fCCU7: No prescaler selected -
Deadtime Clock 60MHz
Max. Deadtime (based on Dea... 4.25

#- General Deadtime for all Signals (O
®

PMU Interrupt GPIOs MOM ADCl CSA/CSC ADC2 SDADC CCU7 BDRV BEMFC CANTRX GPT12 SSC Timer 2x UART DMA

Modulation Configuration
signal Modulated by Deadtime
DT Ch InpLt | CPOAVE State Bit |
ccro & 0T cho O3 before Cmp[*| [Low  [*] w/a
couT70 B oT cho O3 after Cmp nfa

DT Chi Input [C71A/8 State Bit|¥]
cc7L M ot ch1 O3 efore Cmp nfa

couts1 B oDTCm O3 after Cmp [tow T+ wa

DT ch2 Input [C72A/B State Bit[]
ccr2 & 0T ch2 O3 before Cmp[*| [Low _ [*] w/a
couT72 M oT ch2 O3 after Cmp ﬂ nfa

O3 aftercmp_[*| [ow -] O

#hnel/T13.. Passive State  Passive Level  Invert Signal

T12
ccoa

O show T13 graph
O show T14 graph
O show T15 graph
O show T16 graph

Pin Select, Hall,

Pin Select  Hall

p, MCM Configuration, Debugging

‘Control - Multi-Channel Mode Debug Behavior Input Monitoring

B \

=-inputs,

- Channels

- Timer

Outputs

Connection to BDRV needs to be
selected in BDRV Tab!

Interrupts

Timer Compare Match Interrupts Other Interrupts Gating

Tem Value

-
=

ceria 2
cerza /
% >

CCU7 Output signals

cero
coutra

cer
coutrt

cerz
coutrz

Figure 8 Config Wizard, module CCU7

Figure 9 shows the timer T12 settings in the blue box Timer, Clock:

- The operation mode is edge-aligned.

- TheT12 period time is set to 50us.

- Each of the three signals are modulated based on two compare values (see Table 1).

90f 14
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Timer, Clock

TiZ2 T13 T14 T15 T16 CCU7 Clock

Ttem Value
Use CCUG compatible mode fo... O
Clock Select |fCCU?: No prescaler selected |v|
Add. 1/256 prescaler O
T12 Clock 60MHzZ
Max. Period
Operation Mode C |Edge-aligned ) ]
Single Shot \Disabled [+
Trigger External Run Select Disabled Jﬁ
T12 Period Duration 50 ] [time [us] -

+- Capture/Compare Modes
-+ Compare Values

CC70A Compare Value 25 F | duty cycle %N = |
C70B Compare Value |75 F [duty oyde [%] [+

CC71A Compare Value e |50 F |duty cyde [%] |+|

C71B Compare Value |75 F |duty cyde [%] |+|

CC72A Compare Value e |10 F |duty oyce [%] [,

C72B Compare Value 90 F | duty cycle 2L~ |
+- Register Value Summary

‘ 2|

Figure 9 Module CCU7, Settings timer T12

infineon

Figure 10 shows the pin selection in the yellow box, in the tab Pin Select for the three modulated signals CC70,
CC71 and CC72, as well as their corresponding inverted signals COUT70, COUT71 and COUT72. They are set to a

physical GPIO pin. See the Table 1 for more details.

Pin Select, Hall, Trap, MCM Configuration, Debugging

Pin Select Hall Trap Control Multi-Channel Mode Debug Behavior Input Monitoring

Item Value

- Inputs
+- Channels
+- Timer

= Outputs

[p1.2 N\ [~]

COUT70 [Fo.2 ) [~]

CCT1 [pro 7 [~]
i

B ———_ g

Figure 10 Module CCU7, Settings Pin Select

Finally, save your configuration to take these changes into account (File -> Save).
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33 Sample code

Figure 11 shows the application code of the TLE9893_2QKW62S_CCU7_PWM example.

Basically, the only thing left to be done in the application code is to start the configured Timer T12 with the API
callcCU7_startT12 () online 89 before the code jumps to an endless loop.

85 Clear bridge driver status flags
86 BDRV—>STSL,LR reqg = OxXFFFFFFFFU;

87

88 Start timer T12

89 u,U'f _startTl2():

S0

91 for (:>)

92 {

93 /* Main watchdog service

g4 (void) PMU serviceFailSafeWatchdog():
95 | }

96 | }

Figure 11 TLE9893_2QKW62S_CCU7_PWM application code
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References

See the code examples at www.infineon.com
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