Infineon ltaly

s.r.l .
ATV division




(iﬁﬂ]eon
Need for clean

Hybrid and Full  Electric vehicles allow pollution reduction C this
make them the new generation of transportation

Traction and power distribution networks
are highly impacted by this evolution
HV battery in hybrid/electric vehicles allow
traction as well as services to run out of
the battery for a medium/long time.

LV Battery 12Vbus

Traction Network
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System Specification

Power distribution network: exploiting the energy
of a HV Dbattery for traction and services
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LV Battery 12vbus | U While the traction inverter is directly
: supplied by the HV battery , all services ina
| car today still run outofa 12V battery ,

therefore a HV-DC/DC converter is needed
to supply this battery line

Power Distribution Network

Traction Network

System has been designed considering these ranges
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System design: converter topology choice

1. Galvanic isolated topology
2. Soft switching
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Controller board

and isolation
LLC ZCS Topology
A Behaves as current generator A intrinsically protected @ short circuit at the output.
A ZCS has the advantages of using IGBT with co - packed fast diode;

A Simplified output filtering uses only capacitors
A No need to control the DC  current through  transformer, resonance Cap solves it.
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System design: control

strategy
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Error amplifier and OV
Grounded on the LV side

protection
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LLC DC/DC board , prototype picture
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Resonant Inductor at primary side (lnflneon

BOard LaYOUt Resonant Capacitor tank
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Layout is optmised for system testing and debugging .
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System design: main BOM components

Output  Flter

Magnetics and Resonant
Tank

Mathlab  routine has been
implemented in order to design
main parameters

Transformer

Resonant inductor

Resonant Capacitor

Synchronous rectification

Primary switching section

2016 -01-07

Altis made with only Organic Conductive Polymer capacitor, 4mF in
total A no need for output inductor

A System volume and cost are reduced

A SR MOSFET voltage rating = 60V~ -80V C higher power density and
cheaper system

A Resonant inductor at primary side reduces size and weight; resonant
capacitors also take care of balancing the magnetizing current

A Resonant inductor and capacitor values have been optimized vs. load
and input voltage variation

AMagnetizing inductance Lm = abut 6 times resonant inductor value
ATransformer ratio is 16:1+1; Isec. = 170Arms
Avariable frequency from 60kHz to 125kHz

ALr = 128uH
Alrms~15A
ASystem Resonant freq.: 125kHz

ACr=12,6nF
A3kV
ACOG (low ESR)

ARds-on =2,4m W max, 80V
A3x each leg in parallel

A650V 1 40A IGBTs
Avce sat = 1,80V @125C
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Simulation results
om 70k to 120kHz at Vin=350V
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Simulation at Vin=350V, Vout =12V and different power output
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Measurements : Operating Frequency vs Input @
Voltage and load

kHz FSW Vs Vin at lo=100A kHz FSw vs lo at Vin=350V
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Low switching frequency variation vs.input voltage and load changes
Good matching with simulation
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Operation at nominal  input voltage : infineon
400V i 100A =

Tekksequt @ Trigger

.Primary current

Capacitor voltghe , 1
&} 500vid j i

b . . . . . . . . SeCCente . tap Current iy . . . . . . - . . .

. . . 100A/d . I . . Z Z

‘@ so00V ]{4.00}15 2.50G5/5 e 5
@ 5S00mv @& so0mv 1M punti 50.0 UJ[ 1 Apr 2[]15]
(o valore Media Min Max Dev std ] 07:21:04
@ RMSc 234mv Amp. segnale insufficiente

Clean sinusoidal voltage across resonance capacitors , some
ringing noise visible ont r a n s f o seomday scurrent

2016 -01-07 Copyright © Infineon Technologies AG 2016. All rights reserved.



Operation at nominal  input voltage : infineon
400V i 150A =

TekEsequt =~ ———— " . Trigger

. . . Primary current : : :
e g oo g 2BAM e

Capaéito voltage :

C SRR R R SR S  Sec:Center §dap current”

: : . : : T : : 100A/d )

‘@) 1.00kv ]{4.00}15 2.50G5/5 e 5
@ 5S00mv @& so0mv 1M punti 40.0 UJ[ 1 Apr 2[]15]
[ valore Media Min Max Dev std ] 07:22:44
!RMSC 357my 368m 37.8m I84m 14.6m

Frequency , capacitors voltage and Primary/ Secondary currents increase
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Operational waveforms at 400V -180A

Tek Arres. _ _ _ — i —

. . 1 _ Primary Cu:rrent

“¥'Sec.Centery tp current:
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@ 100V ' | " (4.00us © 2.50G5/5 ® . .7
@ 500mv @ 500mv 1M punti 9.80 V J[24 Lug 2015]
o valore Media Min Max Dev std 107:15:53

@ Frequenza  105.1kHz 103.6k 97.92k 105.4k 1.940k )

Very close to resonance (~110kHz), waveforms are almost sinusoidal .
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A In a LLC converter the secondary current and primary switching voltage are not in phase and their
phase rotation depends on the | oad, this effect
control the secondary side switches.

Secondary side synchronous rectification

A Adedicated IC reading the VDS voltage across the Synch Rectification Fets solves this problem
AUIRS1170S U Typical application schematic
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