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Scope and pupose

This document introduces a complete Infineohechnologies AGystem solution for 88300 WDGDC converter
from 400 V to 51.5 V achieving 98.1 percent peak efficiency. The converter (EVAL_3KNB KDY is a
Half-Bridge (HB) LLC with fubridge rectification, split resonant capacitor and clamping diodes on the primary
side. The EVAL_3K3W_LHB CFD"has been designed following the requirements of telecom and battery
charging applications: wide range input (holdp time) and wide range output from3t5 V up to 59.5 V.

This document describes the converter hardwat€igure 3 and the design parameters of the full Infineon
solution including 600 ¥ | | F - CFBHBO V OptiMEB, an innovative magnetic construction and a ndve
cooling concept.

The main Infineon components used in the 3300 W LLC HB are:
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Figure1 3300 W LLC HB
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Background and system description

1 "7, =EALI OH> ; H> MSMN?G >?M=LCJNC

The trend in SMPS in recent years has been toward increased power density with optimized-igist.
efficiency is a key parameter irchieving thisincreasing power density because theeat dissipation must be
minimized. Furthermore, higher efficiency directly impacts the ownership cost during the lifetime of the
converter. Toward this goal, fully resonant topologies such as the LLC are often considered to be the best
approach in these power and voltage ranges.

Theoutstanding efficiency showrin Figure 2can only be achieved by using a®¥ CoolMOS CFIY in TO247
package together with 8& OptiMOE 5 SRs The outstanding performance of these semiconductor
technologies, the innovative @oling concept solution and the stacked magnetic construction enables power
density in the range of 4 W/cm? (66 W/in3).

The board was designed as a testing platform, with easy access to probe points, and easy
reworking/replacement of components. The powelensity can be largely improved; and even more in an
enclosed design, which further improves the cooling capability of the proposed solution.
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Figure 2  Measured efficiency of the 3300 W LLC HB at 400 V input and 51.5 V output

The3300WLLC HBEDGDC convertehas beendesignedwith Infineon power semiconductors as well as
Infineon drivers and controllersThe Infineorcomponentsused in the3300WLLC HBare:

1 18 mY 600 V CoolMOS CFD7IPWS0RD18CFDYin the HV HB

1 3.7 ni 80 V OptiMOIS5 in Super SEB packaggBSCB7NSONSD) in the LV bridge

1 2EDS8265HKafety isolated, 1IEDI20N12AF and 2EDF72t6FC M1 F; N? > A; N? >LCP?LM ©
1 ICE5QSAGR Flyback controller witkexternal 4.5Y 800 V CoolMQ$% 0 % ©) 0 5f@ the dyxilignd x e
supply[1]

XMC4200 microcontroller for control implementatioiXiMC4200-64k256 AB

Medium-power Schottky diode BAT165

1 IFX91041EJV33 DC/DC sthpwn voltage regul&or
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Background and system description

1 SmartRectifier controller IR1161LPBF for the control of the SRs

This documentdescribesthe system anchardwareof the 3300 W LLC HV, as well as the design specification
requirementsand the main test results. For further information on Infineon semicductors see thdnfineon
website, as well as the Infineogvaluation boardsearchtool, and the different websks for the different
implemented components:

1 CoolMO$lpower MOSFETS
OptiMO$ power MOSFETSs
Gate driver ICs
QRCO0ISEE

XME microcontrollers

= =4 4 -

11 3SMN?G >?M=LCJNCI H

The EVAL KBW_LLC HBCFD#esign consists of an LLC HB with SR infuitlge configuration, with split
capacitor and clamping diodes on the primary sideigure 3.

The control is implementedvith an XMC4200 Infineon microcontroller, wth includes voltage reguladn
functionality, burst mode operation, outpuOver-Current Protection (OCP)Qver-\oltage Protection (OVP),
UnderVoltage Protection (UVP), Und#&foltage Lockout (UVLO), sedtart, SR control, adaptive deatimes
(bridge andSRs) and serial communication interfacBurther detaik about the digital control implementation
and additional functionalitiesof the LLC controwith the XM@4000family can be found iq2].

4B? =1 HP?LN?L A Mttaetod @yt (31.5 V)vkhdmddrangevtapability, also tailored for 48 V
battery charger systems working within the 59.5 V to 43.5 V range. The converter is operated at a nominal input
voltage of 400 V, whereas it can regulate down to 360 V at fadl (at nominal 51.5 V output voltage) providing
room for holdup time whenever the design is part of a full A converter.
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Figure 3 3300 W LLC HEEVAL3K3W _LLC HB_CFD7simplified diagram showing the main Infineon
semiconductors used
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Background and system description

At the nominal input anl output voltages the converter operates at nearly fixed frequency (resonance). Above
the resonance the switching frequency increases and the switching and core losses become dominant. On the
other hand, under resonance the rms currents and their relateddes increase. Consequently the overall
efficiency of the converter tends to decrease, moving away from the nominal conversion raigufe 4and

Figure 5.

The switching frequency of the converteanges from 45 kHz up to 250 kHz. The maximum efficiency is
achieved around 70 kHz, which corresponds to the resonant tank natural frequency at the nominal input 400 V
and output 51.5 V voltages.

Peak efficiency vs output voltage

98.30

98.16 T
98.20

—50%

98.10
—40%

98.00 =—MAX @ 50%

97.90

Resonance

97.80

97.70

Efficiency (%)

97.60

Above resonance Under resonance

97.50
97.40
97.30
43.5 45.5 47.5 49.5 515 53.5 55.5 57.5 59.5
Vout (V)

Figure 4  Estimated efficiency of the 3300 W LLC HB at different output voltages and fixed nominal
input 400 V. The maximum efficiency is achieved around the resonance operation. Above
resonance the switching losses become dominant. Under resonance the conduction losses
dominate.

Peak efiiciency vs input voltage

Figure 5 Estimated efficiency of the 3300 W LLC HB at different input voltages and fixed nominal
output 51.5 V. In a full-power supply the converter operates most of the time with the
nominal input voltage. During hold -up time condition s only the input voltage drops below
nominal.
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