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Motivation

Mixed-Signal Virtual Prototyping:
- Eases taking into the operation of power converter on application level
- Improves T2M - early start w/o real HW available
- development of control algorithm
- productive SW development
— Prevent malfunctions and laboratory equipment damage
— Enables exact reproducibility, corner cases can be analyzed to it limits
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Unidirectional Series-Parallel Resonant LLC DC/DC Converter (1)
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Nominal Minimum Maximum
DC Bus Voltage [V] 380 360 400
Battery Voltage [V] 280 250 420
Load Power [W] 3300 400 3700
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Unidirectional Series-Parallel Resonant LLC DC/DC Converter (2)
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LLC Board
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Unidirectional Series-Parallel Resonant LLC DC/DC Converter (3)

>y  Low voltage testbench

ud |
»  LLC Demonstrator full mounted
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Unidirectional Series-Parallel Resonant LLC DC/DC Converter (4)
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Input voltage 60 V., R oap 23,5 Q, Switching frequency 120 kHz
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Unidirectional Series-Parallel Resonant LLC DC/DC Converter (5) (iﬁﬁneon
Selection of HF Transformer

HF Transformer is crucial component for operation of LLC converter, since it directly influences switching
frequency range (PWM and selection of power switches), determines a transfer function of system

and implicitly influences the efficiency of overall system
LLC Transfer Function (Gain vs. Frequency)
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Equivalent ac circuit with the leakage inductance in consideration.

LLC Transfer Function
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If L, = 0 (no external inductance), primary stray inductance is

used as resonant inductance (but the secondary stray B
inductance has to be taken into the account as well)
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Overview &_/

— Mixed-Signal Virtual-Prototype

— Processor Model (AURIX™)
- SystemC TLM2

— LLC Resonant Converter
- SystemC AMS

— HW/SW Co-Debugging

Virtual Prototype

AD
Processor LLC

AURIX™ Resonant
Converter

Ctrl sw
Base SW

SW nC-HW
Debug Debug

Supply
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Overall System Model

i_param_reader_for_LLC

Parameter Reader
AURIX_sampling_time = sc_core::sc_time(0.1, sc_core::SC_US) sampling_time = sc_core::sc_time(0.1, sc_core::SC_US)
ved_trace_ref = "aurix_reference.ved"
enable_replay = false
tc39x_t lic_t i_level_pcb2aurix
L_aunx tes9x top GiGlo s_G4G1 GIG1i i Vo S VPripch Vo =
AURIX_TC39X_TOP @@.o s _G2G3 e | LLC_TOP Pro s _IPri_pch Wi
nRet uC.6 nRst uC nRstuCi VSec o s_VSec_pcb VSec_i
nit_soc targ_soc - - - - Is.co  s_ISec_pcb 1Sec_i
e oy g . i T [ IPimns o s_IPriTrans_pcb PiTans i

AURIX_samping_time = p AURIX_samping_time samping_time = p.sampling_time
ved_trace_ref = p.ved_trace_ref
enable_replay = p enable_replay

s_FmNtc_Trans

s_FmNtc_Sec
s_FmNtc_Pri

s_IPriTrans
s_ISec
s_VSec
s_IPn
s_WPri
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Model of Unidirectional Series-Parallel Resonant LLC DC/DC Converter
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Switching Bridge LLC tank, Transformer = Rectifier /
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Infineon/Synopsys AURIX™ Processor Model & Integration of
Processor Model
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ECU VP/Multi ECU VP

AURIX GenX VP

o [ o

1

Pa:'al:m:m value e I----------------
~ + Core_System
— Clock and External ASIC Scripts and
+ & Analog Reset Gen Models Utilities
o AN_14
« cosimPath VSec i String
w direction out String [in, out]
- domainName b String
» = AN_22
FELEIIEIEE L1100 10110010000010101101 ~
/f method called by constructor - i 1039
FELIITEL AT I IEEI R 1 1101000010 10000101 - 1_aUnx_[eJ-x
void aurix_tc39x::construct() =
{

s5.1i_aurix_c-»register_port(VPri_i, ™
s5.1i_aurix_c-»register_port(IPri_i, "
s.i_aurix_c-»register_port(vsec_i, ™

s.1i_aurix_c
4

» "I0Stubs/Analog/ANG");
» "I0Stubs/Analog/AN3E");
i", "IOStubs/Analog/AN14");
i", "IOStubs/Analog/AN22");
_o", "GPIO/IO_Pee_2");
s.i "G2G3_c", "GPIO/IO_P32_3");
s.i_aurix_c->register_port(FmNtc_Pri_i, "FmNtc_Pri_i", "GPIO/IO_P11_13");

->register_port(ISe c:iJ "
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Software and Hardware Debugging

Software debugging
(e.g. Lauterbach Trace32)
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Waveform debugging L4

Hardware debugging e.g. GDB [
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Conclusions &—/

- Virtual Prototyping approach is sucesfully implemented on application level for
isolated unidirectional DC/DC converter
- HW is sucesfully modeled
- Control algorithm is sucesfully implemented and tested
- iLLD's are implemented and tested
- Overall system is taken into the operation
- Feedback is given to developers of AURIX™ Processor Model
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