o _.
(Infineon
Di Domenico Francesco (IFAT PMM ACDC AE)
Zechner Florian (IFAT PMM ACDC AE)



mailto:Francesco.DiDomenico@infineon.com?subject=EVAL_600W_12V_LLC_C7
mailto:Francesco.DiDomenico@infineon.com?subject=EVAL_600W_12V_LLC_C7
mailto:Francesco.DiDomenico@infineon.com?subject=EVAL_600W_12V_LLC_C7
mailto:Francesco.DiDomenico@infineon.com?subject=EVAL_600W_12V_LLC_C7
mailto:Francesco.DiDomenico@infineon.com?subject=EVAL_600W_12V_LLC_C7
mailto:Florian.Zechner@infineon.com?subject=EVAL_600W_12V_LLC_C7

(infineon.

Table of Contents

General Description
Efficiency Results

Design Concept



(infineon

Table of Contents

a Efficiency Results
e Design Concept

General Description

04.04.2017 Copyright © Infineon Technologies AG 2017. All rights reserved.



(infineon

General

Description:

The “EVAL_3KW_2LLC_P7_47" - Evaluation Board shows how to design a dual phase LLC system
solution of a Server SMPS with the target to meet 80+ Titanium Standard efficiency requirements.
On this purpose there has been applied latest CoolIMOS™ technology IPP60R037P7 600V Power
MOSFET on the primary side and OptiMOS™ Low Voltage Power MOSFET in
SuperSO8 BSC093N15NS5 in the synchronous rectification secondary stage, in combination with QR
CoolSET™ ICE2QR2280Z, 1EDI60ON12AF EiceDRIVER™ high voltage, high speed driver ICs for HV
MOSFETs, Low Side Gate Driver 2EDN7524R for SR MOSFETs and digital LLC Controller XMC4400.

Summary of Features:

> Output voltage: 44 - 58 VDC

> Output current max: 55A

»  Peak efficiency @ 50% load > 98.4%

»  Efficiency @ 10% load > 97%

The following variants are available:
> EVAL_3kW_2LLC_P7 version with CoolMOS™ P7 TO-247, IPW60R037P7

Ordercode: EVAL_3KW_2LLC_P7_47
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http://www.infineon.com/dgdl/Infineon-BSC093N15NS5-DS-v02_00-EN.pdf?fileId=5546d462503812bb01507033a3fa1175
http://www.infineon.com/cms/en/product/power/ac-dc-power-conversion/ac-dc-integrated-power-stage-coolset/ac-dc-quasi-resonant-coolset/ICE2QR2280Z/productType.html?productType=db3a30432a7fedfc012a8d813a9d0477
http://www.infineon.com/cms/en/product/power/ac-dc-power-conversion/ac-dc-integrated-power-stage-coolset/ac-dc-quasi-resonant-coolset/ICE2QR2280Z/productType.html?productType=db3a30432a7fedfc012a8d813a9d0477
http://www.infineon.com/cms/en/product/power/ac-dc-power-conversion/ac-dc-integrated-power-stage-coolset/ac-dc-quasi-resonant-coolset/ICE2QR2280Z/productType.html?productType=db3a30432a7fedfc012a8d813a9d0477
http://www.infineon.com/cms/en/product/power/ac-dc-power-conversion/ac-dc-integrated-power-stage-coolset/ac-dc-quasi-resonant-coolset/ICE2QR2280Z/productType.html?productType=db3a30432a7fedfc012a8d813a9d0477
http://www.infineon.com/cms/en/product/power/ac-dc-power-conversion/ac-dc-integrated-power-stage-coolset/ac-dc-quasi-resonant-coolset/ICE2QR2280Z/productType.html?productType=db3a30432a7fedfc012a8d813a9d0477
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/1EDI60N12AF/productType.html?productType=db3a3044426a54fb01426c0d4c181378
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/1EDI60N12AF/productType.html?productType=db3a3044426a54fb01426c0d4c181378
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/1EDI60N12AF/productType.html?productType=db3a3044426a54fb01426c0d4c181378
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/1EDI60N12AF/productType.html?productType=db3a3044426a54fb01426c0d4c181378
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/1EDI60N12AF/productType.html?productType=db3a3044426a54fb01426c0d4c181378
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/1EDI60N12AF/productType.html?productType=db3a3044426a54fb01426c0d4c181378
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/1EDI60N12AF/productType.html?productType=db3a3044426a54fb01426c0d4c181378
http://www.infineon.com/cms/en/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/eicedriver-high-voltage-gate-driver-ics-and-boards/channel.html?channel=ff80808112ab681d0112ab6a30e70442
http://www.infineon.com/cms/en/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/eicedriver-high-voltage-gate-driver-ics-and-boards/channel.html?channel=ff80808112ab681d0112ab6a30e70442
http://www.infineon.com/cms/en/product/power/power-mosfet/channel.html?channel=db3a304319c6f18c011a14e5341b25f1
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/non-isolated-gate-driver-ics-and-controllers/eicedriver-2edn-gate-driver-for-discrete-mosfets/channel.html?channel=5546d4624cb7f111014d334aeae60252
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/non-isolated-gate-driver-ics-and-controllers/eicedriver-2edn-gate-driver-for-discrete-mosfets/channel.html?channel=5546d4624cb7f111014d334aeae60252
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/non-isolated-gate-driver-ics-and-controllers/eicedriver-2edn-gate-driver-for-discrete-mosfets/channel.html?channel=5546d4624cb7f111014d334aeae60252
http://www.infineon.com/cms/de/product/power/motor-control-and-gate-driver-ics/non-isolated-gate-driver-ics-and-controllers/eicedriver-2edn-gate-driver-for-discrete-mosfets/channel.html?channel=5546d4624cb7f111014d334aeae60252
http://www.infineon.com/cms/de/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc4000-industrial-microcontroller-arm-registered-cortex-registered-m4/XMC4400-F64K512+AB/productType.html?productType=db3a30443784920501380a7855016dcb
http://www.infineon.com/cms/de/product/microcontroller/32-bit-industrial-microcontroller-based-on-arm-registered-cortex-registered-m/32-bit-xmc4000-industrial-microcontroller-arm-registered-cortex-registered-m4/XMC4400-F64K512+AB/productType.html?productType=db3a30443784920501380a7855016dcb

Example of System Understanding: Infineon Cinfineon
Demo Solution for Titanium HV DC/DC stage

Half Bridge LLC with synchronous Primary HV MOSFETs SR MOSFETs

rectification in center tap
configuration

Vin_nom 38OVDC
Vout 44 - 58 V-
I, 55 A

P, 3 kW

C. 66 nF

L, 12 uH

L., 62 uH

04.04.2017

» CoolMOS™ IPP60R037P7 »  OptiMOS™ BSCO093N15NS5
Reduced Gate Charge (Qg) »  New generation

»  Reduced E > Best FOM Rpgon) X Qq

»  High body diode ruggedness > Best FOM Rpgon) X Qoss

Transformer Resonant inductor
SP-PQ 40/40 core SP-PQ 35/35 core

LLC controller Bias QR Flyback HV MOSFETs
Digital XMC4400 controller IPW60R037P7 TO-247
ICE2QR2280Z

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Control Board Digital

Infineon ' s solution to control the 3kW dual phase LLC Evaluation Board

Digital

XMC4400-F64K512 AB

Summary of Features:

> ARM® Cortex™-M4, 120MHz, incl. single cycle DSP MAC and
floating point unit (FPU)

8-channel DMA + dedicated DMAs for USB and Ethernet
USB 2.0 full-speed on-the-go

CPU Frequency: 120MHz

eFlash: 512kB including hardware ECC

80kB SRAM

Package: PG-LQFP-64

vV v v v v

Target Applications:
Motor control

Position detection

10 devices

HMI

Solar inverters

SMPS

Sense & control systems = N ¢
PLC NP PPP PP
UPS FIclrrpr
Light networks

VvV VY VY VY VY v v v
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Main Power Board Schematic_ 2

D,I'A'I'_E B ;FII'DPW GabH

ENGH. | s

Ll E -ARNEEA,
[TIEWTSICR HOW- | TRTE TRWHER mu‘§| [Caedas [ moom wmerowecan: | Dhest o e
04.04.2017 Copyright © Infineon Technologies AG 2017. All rights reserved.

(infineon



Digital Control Board Schematic

POWER SUPPLY
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Bias Board Schematic
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Connection instruction

LLC 3kWV #4

5350 - 400 VRS -i-
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i

Automated Efficiency Measurement

Combination of converter design (resonant tank, Proper selection of SR LV device and secondary side
transformer) and proper HV device election design

3kW Dual Phase LLC Efficiency

(without Bias & fans absorption)

Efficiency

98,00% - P

96,00% Peak n:
98.5% at I_,,=29A

94,00%

e==3kW Dual
Phase LLC

92,00%

90,00%

88,00% -

86,00%

84,00%

82,00%

@ Vin_nom=380VDC,

0.1% Total Accuracy - 54 3VDC
out_nom=54.

80'00% | I ] | I I | | | | I I | | | | I I } I I I | | | I I | I | |
5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55
Load Current [A]
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Design Concept

input

BN
resonenttan | 5%

primary ' secondary
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Two Daughter Boards
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




