EXAMPLE NAME: BUCK_PCC_FIX_FQ_EXAMPLE_XMC42

OVERVIEW: This example implements a Buck Converter in Peak Current Control mode with the
BUCK_PCC_FIX_FQ APP for being used together with the XMC Digital Power Explorer kit.

DESCRIPTION:

This example implements a Buck Converter in Peak Current Control mode for being used together with the XMC
Digital Power Explorer kit. Visit www.infineon.com/xmc_dp_exp. The project is implemented using XMC4200
digital power control card, housing a 32-bit ARM Cortex M4 based microcontroller with Floating Point Unit. In
addition, it also has dedicated control peripherals such as the HRPWM module, including CSG module. CSG is
comprised of an analog comparator and an intelligent DAC capable of creating negative ramps for best slope
compensation. HRPWM peripheral in XMC4200 also provides the ability to generate high resolution PWM (150 ps
resolution). A Versatile Analog-to-Digital (VADC) module for analog signal measurement, is also included making
XMC4200 suitable for applications that require fast calculation such as the Peak Current Control mode.

The current Control loop is implemented by a classic 2 poles 2 zeros filter using floating point values.

The provided filter coefficients have been selected to have the following controller characteristics:

e Switching freq = 200kHz

e Crossover freq = 10kHz

e Phasemargin =50 degrees
e PWM=80MHz

e ADCresolution =12 bits

VADC conversion is being continuously triggered by the Compare Match 2 of the CCU8 (set by default to the
maximum, period value).

Once the output voltage has being measured by the VADC, an interrupt is generated.

Inside the ISR, the 2 poles 2 zeros controller is applied and new value for the DAC slope start is set.
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Note: The example BUCK_PCC_DIGITAL_POWER_EXPLORER_XMC42, also available in DAVE server, implements
similar functionality for the same hardware (XMC Digital Power Explorer Kit). The main difference is that in the
BUCK_PCC_DIGITAL_POWER_EXPLORER_XMC42 project low level APPs are being used for configuring individually
the required peripherals. Compared to using the BUCK_PCC_FIX_FQ APPs, the low level APPs approach has
advantages like the flexibility or the higher performance for the control loop and disadvantages like the higher
complexity in terms of configuration and readability of the code.

REQUIRMENTS:

XMC4200 Digital Power Control Card and XMC Digital Power Explorer Kit
DAVE Version: 4.2.8


http://www.infineon.com/xmc_dp_exp

HOW TO CREATE THE PROJECT:

1. Openthe DAVE CE and use G “Add IDE New Project Wizard” on the toolbar to add a new DAVE Project.

Enter Project Name
Select “Project Type =» DAVE CE Project”

Select Processors Info

% New DAVE Project

[ [ T

=>»XMC4200 Series =» XMC4200-F64X256

DAVE Project

Create a new C/C++ project for Infineen tool chains

Microcontroller Selection Page

Project Mame: |

Use default location
C:/Workspaces/DAVE-4.0.0/EXAMPLE_PROJECTS

Tool Chain:

Project Type:

4 (= Infinean Projects

4 (= ARM-GCC Application
[%4] Easy Start Project
[Z] Simple Main Project

<LE[ DAVE CE Projecd

[%] Empty Project

4 = ARM-GCC Library
El Empty Project

Select the microcontroller for which the project has to be created

4 [V] Microcontrollers
4 XMC4000
> [C] XMC4800 Series
> [C] XMC4T700 Series
> [] XMC4500 Series
> [C] XMC4400 Series
> [C] XMC4300 Series
a [J] XMC4200 Series
[T ¥MC4200-Q48:256

> [] XMC4100 Series
a [] XMC1000

Q| KMC4200-Fo4x256

3

m

Microcontroller Features

Package= LQFPG4

Mext > Finish

@

Show project types and tool chains only if they are supported on the platform

ROM= 256 KB Flash

RAM= 40 KB RAM

InOut= 35 digital /0

ADC= 9 ADC Channels, 12-bit

»

Jom,|

Cancel

2.

instance with the following configurations.

Views: APP Dependency Tree and APP Dependency

Use the ® "Add New App" in the toolbar to add 1 instance of BUCK_PCC_FIX_FQ. Configure the APP
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e BUCK_PCC_FIX_FQ_XMC42:

- Buck Converter Configuration tab :

-
-

Buck Cenverter Configuration | PWM Settings | ADC Measurements | Comparator Configuration | Control Settings | Contr

Topology Configuration
[¥] Synchronous converter

MNumber of phases: 1 A
Vout measurement trigger: QEWM Timer (Phase 0 -
Note: Additionally 'Trigger edge selection’ needs to be configured in ADC APP's,
+ _I t Vout +
1¥]
Vin [V]: — e — D
Load
12 -
(( Gate Driver J & Signal conditioning ]
|1
PWM
Generation Vout ref [V]:

33

XMC Loop

- PWM Settings tab :

PWM Settings |ADC Measurements | Comparator Configuration | Control Settings | Control Configuration | Overload Prot * | *

Switching Parameters

PWM frequency [kHz]:

PWM resolution [nsec]:

PWM
Resolution

Max on time [%]:

Passive level of cutput: -
Period
Phase shift between phases [degreks]: * >
Duty
Dead time rising [nsec]: Cycle
Dead time falling [nsec]:
P Max On Time N




- Control Settings tab :

| PWM Settings | ADC Measurements | Comparator Configuration | Control Settings | Control Configuration | Overload Prot * | *

Controller type: Typel (2P27) ~
PWM
Generation
MJLE B,Z“+B,;Z'+By
-2 -7
Min out 'AQZ 'AIZ +1

1

Contrel loop frequency divider: 1

alues (float input)

2637384

0.011802

-2.625583 K (gain): 0.315047

Max out [V]: 3.3

1.751244 Min out [V]: 0.0

-0.751244
Mote: Control loop will be calculated in float.

- Control Configuration tab :

| PWM Settings | ADC Measurements | Comparator Configuration | Control Settings | Control Configuration I Overload Prot *

Control Configurations

Buck Converter | |o

b
Tpwm |fout

Generation

[ soft-Start
Voltage Timing i
Control Loop [usec]:

]

User Code

N

Uzer call back

@M_mnde_callsz




e ADC_SCAN:

- General Settings tab :

General Settings | Interrupt Settings|

Scan Settings

Trigger edge selection: @I Trigger Upon Rising@ -
Gating selection: All Conversion Reguests are Issued -
Priority of scan source: Priority-0 (Lowest Priority) -
Conversion start mode: Wait For Start Mode -

[T] Enable continuous conversion

Class Settings

Conversion mode: 12 Bit Conversion -
Desired sample time [nsecl: 75

Actual sample time [nsec]: 75

Total conversion time [nsec]: | 625

MNote: Total conversion time is always calculated with post calibration enabled.

3. Usethe T "Manual Pin Allocator" found in the toolbar, configure the pins for the VADC, CSG and PWM
outputs.

APP Instance Mame APP Pin Mame Pin Mumber (Paort)
4 BUCK_PCC_FLX_FQ O

#16 (P146)

Yeout pin
a COMP_SLOPE_GEN_O
#52(F10)

CSG COMP INPUT
4 HRPWM_O

#61 (P0.5)
264 (P0.2)

HRPWI OUTO
HRPWM OUT1

4. Generate the code for the configurations made and change main.c accordingly.

5. Build and download to the microcontroller.

HOW TO TEST:

. Create the project
2. Prepare board set up: connect XMC4200 Digital Power Control Card into XMC Digital Power Explorer and
supply power with included power adapter to it. Make sure power on switch is in the "on" position and that
the jumper in power board is in the XMC4000 position



Generate code, compile and flash the application onto the device

Run the application.

Check via oscilloscope the different test points available in XMC Digital Power Explorer. Vout is now
controlled to be stable at 3,3 Vindependent of load switching LEDs next to load switches must turn on when
that particular load is activated.

If changes are needed in APPs configuration, make sure code is generated again before compiling



