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General description

The “"EVAL_600W_LLC_12V_CFD7" - evaluation board shows how to design a half-bridge LLC stage of a
server SMPS with the target to meet 80+ Titanium Standard efficiency requirements. For this purpose the
following components have been used: latest 600 V CoolMOS™ CFD7 SJ MOSFET

technology (IPP60R170CFD7) on the primary side and OptiMOS™ 40 V low voltage power MOSFET
(BSCO10NO04LS) in the synchronous rectification secondary stage, in combination with quasi-resonant
CoolSET™ (ICE2QR2280Z), EiceDRIVER™ Compact 2EDL hi-low side driver (2EDLOS5NO6PF), 2EDN
EiceDRIVER™ low side gate Driver (2EDN7524F) and analog LLC controller (ICE2HSO01G).

Summary of features:
> Output voltage: 12 V
> Output current: 50 A
»  Peak efficiency @ 50% load >97.4%

»  Efficiency @ 10% load >94%

The following variants are available:

» 600 W 12 V LLC analog version with CoolIMOS™ CFD7, EVAL 600W 12V LLC CDF7

> Control card kit ,from analog to digital® can be ordered additionally KIT 600W LLC DI CTRL
> Additional analog control card KIT 600W LLC AN CTRL
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https://www.infineon.com/cms/en/product/power/mosfet/500v-900v-coolmos-n-channel-power-mosfet/coolmos-family-selection-guide/600v-coolmos-cfd7/
https://www.infineon.com/cms/en/product/power/mosfet/500v-900v-coolmos-n-channel-power-mosfet/coolmos-family-selection-guide/600v-coolmos-cfd7/
https://www.infineon.com/cms/en/product/power/mosfet/500v-900v-coolmos-n-channel-power-mosfet/coolmos-family-selection-guide/600v-coolmos-cfd7/
https://www.infineon.com/dgdl/Infineon-IPP60R170CFD7-DS-v02_00-EN.pdf?fileId=5546d4625e763904015ea3d82d3331b1
http://www.infineon.com/cms/en/product/power/power-mosfet/20v-300v-n-channel-power-mosfet/40v-75v-n-channel-power-mosfet/BSC010N04LS/productType.html?productType=db3a3044353fd87f013551a8816e094a
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/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/2EDL05N06PF/productType.html?productType=db3a30443e36c802013e3c260fb915fd
http://www.infineon.com/cms/en/product/power/motor-control-and-gate-driver-ics/non-isolated-gate-driver-ics-and-controllers/2EDN7524F/productType.html?productType=5546d4624cb7f111014d66f8aabc4fdc
http://www.infineon.com/cms/en/product/power/ac-dc-power-conversion/ac-dc-pwm-pfc-controller/llc-resonant-mode-controller/ICE2HS01G/productType.html?productType=db3a30432a40a650012a4583f22b2b4f
https://www.infineon.com/cms/de/product/evaluation-boards/EVAL_600W_12V_LLC_P7/productType.html?productType=5546d4625b3ca4ec015b57bce77703f2
https://www.infineon.com/cms/de/product/evaluation-boards/KIT_600W_LLC_DI_CTRL/productType.html?productType=5546d4625c54d85b015c6447d709271b
https://www.infineon.com/cms/de/product/evaluation-boards/KIT_600W_LLC_AN_CTRL/productType.html?productType=5546d4625debb399015e141d1ae15875

Example of system understanding: Infineon
demo solution for Titanium HV DC-DC stage

Half-bridge LLC with

synchronous rectification in
center tap configuration

350-410 V.

V.

n

Vv

in_nom

Vv

out_nom

Transformer
turns ratio
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380 Vpc
12 V¢
50 A
600 W
157 kHz
90 kHz
210 kHz
16:1

66 nF
15.5 uH
195 uH

(infineon

Primary HV MOSFETs

»  CoolMOS™ IPP60R170CFD7
Reduced gate charge (Qq)

> Reduced E

> High body diode ruggedness

SR MOSFETs
OptiMOS™ BSCO10NO0O4LS

)

)
)

New generation

Best FOM Rps(on X Qq
Best FOM Rps(on) X Qoss

HB gate driver IC
2EDLO5NO6PF
Non isolated LS gate drive
2EDN7524F
LLC controller
Analog ICE2HS01G

Bias QR flyback
controller

ICE2QR2280Z

SR MOSFETs
BSCO10NO4LS

RM12 core

|
Resonant inductor Transformer
PQ35/35 core

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Control card boards

Infineon’s 600 W LLC evaluation board delivered with analog control, digital control
card kit online available

Analog Digital (on request)
With ICE2HSO01G With XMC4200-Q48K256 AB
) Resonant mode controller for half-bridge LLC resonant ) ARM® Cortex®-M4, 80 MHz, incl. single cycle DSP MAC and
converter with synchronous rectification drives floating point unit (FPU)

8-channel DMA + dedicated DMA for USB
USB 2.0 full-speed device

CPU Frequency: 80 MHz

eFlash: 256 kB including hardware ECC
40 kB SRAM

Package: PG-LQFP-48

» Driving signal for synchronous rectification which support
full operation of half-bridge LLC resonant converter

20-pin DSO package

30 kHz to 1 MHz switching frequency

50% duty cycle for both primary and secondary gate drives
Adjustable dead time with high accuracy

N
R N

Order code: KIT _600W LLC AN CTRL Order code: KIT _600W LLC DI CTRL

e % S e
n ]}03
G [}27

w— 28 w0 2_ap "B.n b4
o mEE s
o
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https://www.infineon.com/cms/en/product/evaluation-boards/kit_600w_llc_an_ctrl/
https://www.infineon.com/cms/en/product/evaluation-boards/KIT_600W_LLC_DI_CTRL/productType.html?productType=5546d4625c54d85b015c6447d709271b

PCB boards layout: main power board and (infineon
control and bias daughter boards

BIAS EQle

> Power density>20 W/inch3

Controller board | Bias -boardf
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Main power board schematic
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Bias board schematic
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Analog control board schematic
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Automated efficiency measurement

Combination of converter design (resonant tank,
transformer) and proper HV device election

Proper selection of SR LV device and secondary side

design

n [%]
98

(Bi

)

97,5

97

=
h‘

-
f:—"’ """'--__
/ -

- =

-
S

96,5
96

- T
- "‘"-...._h_
- -
J-" Ty,

95,5

/J' 80+ Titanium SMPS: minimum
‘.'r efficiency requirement for the HV DCDC

95

! stage

94,5
94

93,5

93

' ‘Load Currént [A] ' '
20 30 40 50

60

2017-12-05

Output voltage: 12 V-
Output current: 50 A

0.1% total accuracy

Copyright © Infineon Technologies AG 2017. All rights reserved.
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Design procedure: Input data

Vin_ nom
N =
2 ‘Vout_ nom
M min = K min(Q; m, Fx) — \r}-°Vo_min
a:
N 'Vo_max

M max = K ma(Q, m, ) =

Vin_ m%



Resonant tank components and related @
resonant frequencies

) N=Vi, nom/ (2XV,)=380/(2%12)~ 16

» L.=195 puH
» L,=15.5 pH
» L.=L,/L=12.5
» C.=66 nF
fo = L =157kHz fp = L =42.7kHz
o7 -JLr-Cr 27 -J(Lr+Lm)-Cr
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Gain curves

—5A

—15A
—25A
—35A
—50A

frequency [Hz]
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Energy related calculations (in’f?neon,
(Ref. IPP60R170CFD7 device parameters)

I ag _min = 242 __ NV =0.672 A
7T 272' fsw_max' Ln
1
Enres_min — E : (Lm + Lr) : Izmag_min — 9511UJ
1 = ENres _min > ENcap  max
Encap_max = E . (ZCO(er)) 'V2DS_max ~ 9 IU\J
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QOSSI Imag,pkl tdead,minr tecs relationship

t
IQz(t) = Im, pk'(l——) Vit < tecs C
tecs fecs = f (Rg,tot,Vgs, th, &
IQZ(t) =0 YVt > fecs Cod

)

1
1
1 tdead,min l

———éﬁ I ICHB(t)dt — E . Im, pk © tecs + Im, pk ° (tdead, min—tecs) - 2 : QOSS, @ 400V
L0

VBULK

tecs tdead,min
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Time related calculations (in’f?neon,
(Ref. IPP60R170CFD7 device parameters)

Imag_min:2.\/§° n.VO 20672A
7T 272' fsw_max' Ln
Imag_max:2.\/§‘ n.VO 2166A
7T 272' . fsw_min' Ln
tE‘CS 2 * 0SS,
tdead, min = — + Q i ~ 130 NnSec
2 Im ag, max
tECS 2 * 0SS,
tdead, max — — + Q i ~ 311 NnsSec

2 Im ag, min



Main transformer structure:

infineon

PQ35/35 core with TDK PC95 ferrite material

Insert piece of tape after the insulation of N2—N3. Wind N1b. Refold tape, block and connect the wires to pin

Positioning coilformer — pin side Botiom view Electrical diagram

B

=

it i

Smooth the inner part

R S| > er foil pre ic
i) cordinct . of|8| Output [Winding| . Jleer\::i:? - il Copper foil preparation
vind:| LondUetor [Tiims gl pin layer " [layer| ¢, | Ref. | engeh [ length otes
M mm. mm.

- g(2\>)<(I6it.|zo 0 " =3 5 5 Re|8 20| / 2 wires in 1 sleeve.

“Ref.3 8 + Re| 8 |20]| /
Insulnlx\tuon: Cj .t[urns o )clyister adhesive tape Ref.6 tinned Taping the exits with 3 turn of
N2 |Copper foil] g kapton ref.9
N; 050x0.20 | . |+ B AR A P

R d o A ARay :
Insulation: 1 turns of polyester adhesive tape Ref.6 + 1 piece as showed in pictures 4\
- 9%"'6“120 0 " * 8 1 2 wires in 1 sleeve. & s

\I:{);f..’; 8 4-5 Re| 8|20 / Don't need correspondence
Insulation: 3 turns of polyester adhesive tape Ref.6

finish

®

'\)

Solder the exits A—B—C ref. 5 on
copper foil ref.4

ed part

145

Insulate the foil with tape ref.7 and
the welding with tape ref.6

02| 21.07.15

Inserted label and pictures C. Picciani D. Di_Ciorgio
01]24.01.14 Release C. Picciani D. Di_Giorgio
REV[APPR DATE| REF. MOD.| DESCRIPTION OF MODIFICATION EDITING CHECKING AND APPROVAL

DESCRIPTION | Trasformatore PQ35/35 600W LLC

converter (130705

Mod

DOCUMENT TYPE

[ CODE [ REVISION | RELEASE DATE [ PAGE

A0 0509 |

P.F.

[ 8065.0703.001 | 02 | 240114 | 102

2017-12-05
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Resonant choke:
RM12 core, material N87

2017-12-05

infineon

conduct N R Winding | N, of Tube Assembling
Wind. anductar or ¥ Itput n n . O tes
ind ype windings | U Pl Layer | Layer | Color| Ref LT.CE‘.}" Note * Serial nurnber
N1 , Litz 0 o] /4849 9 ' S /S / Perpendicular crossing on
et 4 9 10+11 Red | 6 | 20 fape rers (5
Insulation: 2 turns polyester tape Ref.5 ‘
i
‘_{ R
2/
|
S
ﬂ.‘..
Fix core/coilformer with
N 5
- ) ref. 748
Z )
=/
—f~ooe
4 \_/[
: ]
x
Bill of materials 149) £ -
= = — —
Ref.| Description ICE ~ - T
7 | Coil Former RM12 12pins (B65816—C1512-T1 Epcos matvalox420 E45329) L i n
2 | Ferrite core RM12 gap 1.1mm [B65815-R87 Epcos) Ur T
3 Hl\ull2lclar"lr: [ “ 816 :‘«23{027 l?pcc‘s"lm _ i : Varnish with ref.10 ‘-— 5x5 38—-‘
4 | Litz wire 120x0.100mm G1 [155°C E125660 or equivalent) )
3 | Polyester adhesive tape H=16mm thickness 0.06mm (P31 E178430 or equivalent) max 4
6 | Tube glass/silicone @1.5mm 4KV 20mm (G 500 E311983 or equivalent)
7 | Activator for epoxy resin (IN1005 or equivalent) Dimensions in milimeter
8 | Epoxy resin (36T or equivalent) o
W " B R o it
g | PVC label 24x12mm oHS complian
10 | Insulating varnish ¢ (AC43 E317427 or equivalent)
11 | Polyestere label 4.7x14mm (7816 MH16417 or equivalent) Electrical test
- - - — : N Test type Test conditions Limits
Winding retation Bottom View Electrical draving f— Inductance THB40 10411 & 10 klz — 100 mv from 119 to 161 uH
Reference
\\“\. 8.2 S
- :
T 7@ Nt sl j
- | 2 \C. 02 [ 21.07.15 Inzeried new label C_Ficciant 0. DI Giorgio
N 1011 3 E,—-—"' 01]23.01.04 Relecse C__Piceidni D. Di_Giorgio
\;’____-J REV | Appr. date | Ref. Mod | Modification description Editing Checked and Approved

EANSFOPMER

DESCRIFTICN | Inductance RM12 LLC resonant choke (130521)

Mod. DOCUMENT TYPE

CODE [ REVISION [ EMISSION DATE [ PAGE

AQ 05.09

P.F.

| 8017.0901.012 |

02 |

23.01.14 [1 6t 1
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Evaluation board infineon
EVAL 600W 12V LLC CFD7 (lneon
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