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DC Stationary charger Schematic

Level 3 EVSE

System is split in 2 units:

PFC: carries out the AC/DC | AcioC ] | bce
initial conversion and ™" /< Conveien]  CEomecior] |, | (owesees] | e ] |
_ ooy | ,
ensu.res low EMI and | G ] peer | o e ) Vehicle
maximum power factor. |
May implement galvanic Q&U@
isolation | -
DC/DC: adjusts PFC et ] o]

voltage to the level
required by each car.
There is galvanic isolation

~oweu || power |

Info from Texas Instruments and Infineon
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Topologies

PFC operates at relatively e e g it e
oo i T
low freq (ca. 40 kHz). | oc | T e [l
) . of ‘l!_ _ Link :;’.E‘FI _J. % Filter oo
Topologies: T ] | ol T [ —
1 | =g S = ‘_,':15; B o—1p
. eee — — | == = o [ ]
- Vienna rectifier: very e TH ] ) e | _ﬁ—v
commonly used i g T
T o U _J/’:?”t
- Multipulse rectifier }{ " b ~J’F N
DC/DC converter: can - )
work up to 150-200 kHz. _ Goaoses | B3 WS [5 ]
Resonant topologies to ,_ o Gl [ agzaeez o]
allow switching at Zero T T T8 ¥ [z (877 |
Volt / Zero Amp IIER 7 LBy
:

- L LC Resonant tank with a capacitor and a inductor (LC) and a transformer (L)

- Phase Shift Full Bridge
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Ferrite/Inductive Functions

Galvanic
isolation
Common mode
Transformer for Power transformer. choke: big
gate driver Large shapes E71, toroid ferrite
Inductor for PFC . .

: EP7 ferrite cores E100 stacked cores in 3Nx or
with large gap more expensive
ferrite core or Resonant inductor Nanocrystalline
Powder cores with gap / multigap

Common mode :’errlze cores or f f
choke: big toroid — e Transformer for
ferrite cores in 3Nx or — acoc — gatefdrn_:er
more expensive T el Sensor EP7 ferrite cores

-\ -
N

Nanocrystalline

o o.c c R )
Gate Driver and galvanic isolation

Some funtions are made with
other materials (nanocrystalline, Mool
powder cores...) than ferrite, but

still ferrite would be possible.

{([A)))

Internal power supply

Low chance for ferrite: dark back

Communication
to user

High chance: light background —————— rumanachine < SO o cor-cnc user

Interface -
and encryption

EE—— (HMI)

Communication
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High Frequency

N

3F56 2.5 vH: J

~
L

3F46 0.38..3.0 MH:

N

POWER

Transformer

Wide Temperature

N
s

3C97 60..140°C
re

3C95A 2s..120C
>

—
Z

3F36 05..1 MHz

3C95 »s..100°C

Transformer

3C92 s540/460 mT 1| 3C94 350 kw/m?
rd I ~
P I o W
3C92A 570/480 mT | 3C96 300 kw/m?
L - I ~ N (11
I 3C98 250 kW/m3 ((T)l
’ : NS
(CTTTTT T T ) | ~
i d nducor IR ™
—————— 7————————————/ \
] x RED = sampies gvgilable A
ngh BS RED dottedlz still in RD LOW LOSS
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LF (<300kHz) power materials evolution (3C9.)

Min at

100°C
Pv @ 100 kHz,
200 mT,

Min at
different
temperature

High Bsat
1200 A/m,
100"C

CHILISIN ELECTRONICS CORP.
Total Solution Provider for Power, EMI and RF.

3C90
Pv: 450

3C91
Min 60°C

3C92
460 mT

3C9%4
Pv: 350

3C92
Pv: 350
Bsat

3C93
Min 140°C

3C95
25-100°C

I ]

\
[ Y s
I~ I

13C99 , | 3C92A
' 350mT | 480 m

‘g FERROXCUBE

by
Y
| LY

——— —

3C96 - !3C98 .
Pv- 300

' Pv:250 7
I — — _ _,"
(I
Wi
¢
.
— N
3C97  3C95A .
60-140°C | 25-100°C
| &
s
!’J
Stop promote

Promote, production rea
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3C98 - Premium material low frequency NE

P

v 3C96 — reference material for power
conversion used in transformer and
inductors below 400 kHz with optimal
working temperature at 100°C

v'3C98 — new best-in-class material
with lowest losses under high flux
conditions

High efficiency,
operation up to
400 kHz, high

densi - —

chiss Flodum , 25 *C; 10 kHz 0.25 mT 2500 & 2% 2000 + 20K
Frequency power
I — ", 100 *C; 25 ihiz; 200 mT 5500 5500 D
- 28 *C; 10 kHz; 1200 Afm 5310 500 .
100 *C; 18 iz | 200 Aim 40 440 " )
100 *C; 100 lz; 100 mT 40 40
P 100 *C; 100 kiHz; 200 mT 50 300 KA i
100 *C; 500 kiHz 50 mT 250 250
T. =230 =240 "C
P DC; 25 °C B 5 Cim
Diensicy 4850 4800 kgim!




i e [ FERROXCUBE
3C95 &3C97 - Low power loss, wide temperature range

v'3C95 - reference material for broad
temperature range applications (25 - 100°C)

v'3C97 - premium material optimized for
higher temperature range (60 - 140 °C)

- Automotive / Solar
- Energy Star compliant equipment
- Mobile/handheld devices

Power losses vs, temperature (100 kHz, 200 mT)

K 3C96 / ED

Optimal working

un
E

Py [kKWfm3]
=
2

™)
1 A

3C95

Wide range of working conditions 2 ,,flat”

g

g

8

0 25 50 75 100 125 150
Temperature [°C]
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3C92 - high saturation low loss ferrite material

Best choice for output chokes in buck converters and inverter reactors, where the main property is
High Flux density

Property Conditions 3C92 3C94 Unit
pi 25°C | 10kHz | 0.25mT | 1500420% | 2300 +20%
MHa 100°C 25 kHz 200 mT = 5000 = 5500
25°C =540 ~ 470
Bsat 10 kHz 1.2 kA/m mT
100°C = 460 = 380
100 100 =50 =50
Pv 100°C kw/m3 )
100 200 =350 ~ 350 *Storage Energy: I°L
o] 25°C DC = =5 Qm
-}
Tc > 280 >220 °C <
. . B*xV
Density = 4800 = 4800 kg/m3 .I!r - L —
100 — l-LE' 2 l-LE'
pHA ——— —— 100 °C-
80 f.,\ \\ ~ Increase of > 25 % for
25 % ~ .
60 \\ \\ 3C92 —=3C92A 1 the current | gives an
40 3C94—S— SN increase of > 50 % for
20 \\h\it for storage energy: (I12L)
0
1500 2000 2500 3000 3500

H (A/m)
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3C99 - Premium high temperature power material

3C99 SPECIFICATION

[ FERROXCUBE

NEW

Power losses at 400 kHz 50 mT /

450

A medium frequency power material with high Curie
temperature, optimized for 200°C working temperature.
SYMBOL | CONDITIONS VALUE UNIT
i 25°C; 10kHz; 0.25mT 800 + 20%
pa 200°C; 10kHz, 200mT = 4000
B 25°C; 10kHz; 1200A/m | =500 mT
100°C; 10kHz; 1200A/m | =450
200°C; 10kHz, 1200A/m | = 320
Py 200°C; 25kHz, 200mT =140 kW /m?
200°C; 100kHz; 100mT =140
200°C; 400kHz; 50mT =220
pDC 2500 =8 Om
Te 2 300 °C
density = 4800 kg/m3

400 \\ /
- 350 ’
= 300
- 250 i
E 200 -
- —
? 150
=
-
—
E 100 ——
50
a T T T T T T T T 1
a 25 50 75 100 135 150 175 200 235
Temperature [*C]
—— 3083 —i— 3054 ——3C57 —#—3C59
B at 10 kHz 1200 A/m
600
550 Ci1R
T  soo
£
z T~
=} 380
400
E \\\\350
® 350 ¥
= \.\
=
2 300
-
5 250 \ =
™
200 \
150
100 T T
25 50 75 100 125 150 175 200 225
Temperature [*C]
——3C53 3Co4 —— 3097 —4—3Co0
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Power loss vs temperature 3C9.

Materials comparision
100kHz 200mT

700
650
600
550

500

: \v/
l Ze

Pv [kW/m3]
D
(9]
o

300
250

200
20 40 60 80 100 120

temperature [°C]

3C91, 3C92, 3C94, 3C96, Not flat losses materials
3C95 and 3C97 - Flat losses materials

[ FERROXCUBE

140

160

180

—e—3(C91
—e—3C92
—e—3C94
—0—3C95
—e—3C96
—e—3C97
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3Cxx material selector

Low loss Wide High Temp | Low Temp | High Bsat
100C Temp

3C91
3C92
3C94
3C95
3C96
3C97
3C98
3C99
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High Frequency power materials
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High frequency materials
10 r—————
4F1 |
35 3F5e LTTM
'E 35MHZ 3.5 MH:z
- 3F4 3E45 3F46 Early Lab
'; 1-3 43MHz | 13 MHz No samples
gﬂ MHz Flat loss
© 1 >40mm <40mm
'5) 3F35 3F36 Samples
E e 0 3-1 on stock
2 3F3 Mez = MHz
g‘ 0205 | 3C96 Flat loss
L 0.4 MHz
Y= Samples on
stock,
Production
ready
0.1 ——
Stop promote Promote, Not (R Only Big
production ready available ! projects

T
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3F36 - Flat MnZn material for power conversion

Optimized for 300 — 1000 kHz
Flat power loss
Flat permeability

« High Bsat
CONDITIONS UNIT JF36 IF35 IF3
== = 5
Hi 25°C; 10kHz; 0.25mT 1600 £ 20% 1;‘;‘; 231[2;
[VE] 100%C; 25kHz; 200mT = 2400 = 2400 = 4000
B 25°C; 10kHz; 1200A/m mT =520 = 500 =440
100%C; 10kHz; 200A/m =420 =40 =370
Pv 100°C; 400kHz; 50mT kwW/m?® =&l = B0 =140
100°C; 500kHz; 50mT =00 = an =220
100°C; 500kHz; 100mT =700 = 700 = 1200
poc 25C m =12 =10 =2
TC "c 2230 = 240 =200
density kg/m? = 4750 = 4750 = 4700

Standard range: E13-E55, EFD, EP, EQ, ETD, P, planar E, planar ER, PQ, RM

Py [K¥W/m3]

[-B—3F36 ——3F35 —+—3F3 |
2500

'f“
2000

x/J
i,
™~ H“h““xﬁ,fﬁ:ffjfp

A

000 % 4
u KH'"‘H-\. /I
—Hi-Ag—=E—A—
200
]
0 50 100 150

Temperature [C]

Power loss at 300kHz 100mT ina
function of temperature.

Table and chart refers to typical values for ring T25/15/10

o T T TN
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3F46 - Flat MnZn material for power conversion

Optimized for 1 - 3 MHz, small core size

Qutstanding power loss
Flat pi

| -M-3F46- ——3F45- —+—3F4- |

300 -

250

)
[=]
L= ]

Pv [kWim2]
I
=

100

50

a0 100 150
Temperature ["C]

Fower loss at 3MHz & 10mTas a

function of temperature.

« High Bsat
i 25°C: 10kHZ. 750+ | 750+ | 900= | 900+
H 0.25mT 20% 20% | 20% | 20%
ua m:gj}fnﬂ‘”z; ~1500 | =1500 |=1700 | = 1700
959C- 10KHZ,
B : mT | =520 | =520 | =410 | =410
1200A/m
100°C: 10KHZ.
! = = = =
So0Am 430 430 370 | =250
PV 104105{..:};;?%; kwim? | =150 | =300 | =300 | =600
100°C: IMHz:
11]:rnT ' =50 =120 |[= 150 =220
pDC 959C am =5 =5 | =10 | =10
Tc oc | =280 | =280 | =300 | =220
density kgm? | =4750 | =4750 |=4800 | = 4700

Chart refers to typical values for ring T25M15/10

Standard range: EFD. EP. EQ, P, planar E, planar ER, PQ, RM

@lOleale
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CHILISIN ELECTRONICS CORP.
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Summary
For low frequency power conversion (<300kH=z=)

Start Promote:

[ 3C92, 3C95, 3C96, 3C97 }

(

For High Frequency Power conversion (300kHz

— 3MHZz) Start Promote:
[ 3F36, 3F4, 3F46 }
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High Impedance EMI Wide Temperature
< P
" I 7
4A11 ss0, 100 MH: | L’
(mmm=== = e \ I (mm==m==-- == mmmmmme \
1 3N10 10k, 0.3 MH: ] I : ]
R | A ’
{3N7 7k, 0.5 MHz j : :r __________________ j
REN | Z ’
3NS5 sk, 0.7 MHz J I
3S5 3«8, 545/435mT I | 3E10 10k Te>130°C
Z | ~
3E27 sk, 460/290mT I = WY
= |
3E65 sk, 480/320mT I N =
(AFEEAM - o - F===- ! : 3E12 12k 1e>130°C (i
L S ,. . ~
i S ). I
) & RED = sampies a_lva_lilable - o i
H|gh Bs RED dottedlz still in RD ngh ul
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FXC EMI suppresion materials

Complex permeability versus impedance
«  FXC EMI materials offer
best in class frequency —ui " —Z|
Stablllt}" 100000 30
1 B " F 25 =
+ Both y’ and p” contribute to E
. . 10000 - 202
high impedance P N
: = N - 15 8
+ FXC offers a wide range of 1000 m%
materials: p \ 3
] -5 £
100 +=——— A 0
10 100 f[kHz] 1000 10000

3E12 12k High permeability
3E10 10k Best balance p-freq stability e
— |Z‘ @ x N’ X —— X Ly |
3E27 6K High impedance le
3EB5 5.2k Automotive very high Tc
3C11 4.3k Large cores TX63-TX140
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3E10 - Best Balance Perm-Frequency

10%
E10]
e Optimized for 10 — 3000 kHz
-
* Broad frequency range
I fsi N
* Full range of sizes 3 i ST
10 =
2l
- \ETE . m‘”_z 1! 1§ (MHz 10
Symbol Conditions Unit
" 25°C: <10 kHz, 025 mT 10000+20% Fig. IFEflrlrle!ix permeability as a function of
30
25°C; 10 kHz, 1200 A/m =460 10
Bsat mT (E;
100 °C; 10 kHz, 1200 A/m =270 AT T
4 R
20
25°C; 30 kHz; 0.25 mT =5 x10° f.f \\
tand/p; ]
25°C; 100 kHz; 0.25 mT <20 x10°® ]
/
10
Ts 25°C;10kHz; 15to3mT | <05x 10° T H"
|4
P DC; 25 °C ~05 Om =
Te =130 °C Dm 102 0P o 10°
Fig. 5 Impedance as a function of frequency,
Density = 5000 kg/m® measured on a toroid T25/15/10
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3E65 - High temperature Common Mode EMI NEW

«  Optimized for 10kHz — 10 MHz w | [ /_

3EGS
* Broad frequency range ok i
15000
* Full range of sizes =
. . 10000
e Operating temp up to 155 °C (Curie temperature > AN
) o? k
165 C) ! : \‘\ 5000
L]
. . 3 1
* Magnetic flux density 480 mT . \
102 g
3E65 SPECIFICATIONS 10? o e = * T =
A meadium parmeability materal with low losses and Fig. | Complex permeability as a function of Fig. 2 Initial permeability as a function of
high Te, optimized for usa In wideband transformers as fraquency temperature
wall as EMI-supprassion filters.
100d
SYMBOL | CONDITIONS VALUE UNIT . 3E6S
1 25 °C; =10 kHz: 5200 + 20% .
0.25 mT
B 25 °C: 10 kHz: - 480 mT e
1200 Afm = 500 Temp 25
100 =C: 10 kHz; = 320 g s —0
1200 Afm ™ 400 S— T
tandy |25 °C: 100 kHz; <10 x 1078 300 —1a0
0.25 mT _
200 Temp 150
tandhy |25 =C: 200 kHz: < 25 % 108 -
0.25 mT
1]
p DC; 25 °C =0.5 om o L o
Tc > 165 °C brequeney it
re I.IE'I'IC'[ Zl
density = 4900 kg/m?
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CHILISIN ELECTRONICS CORP.
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Summary
For low fregency EMC Start Promote:

' ™
3E10, 3E12, 3E27, 3E65, 3C11
N _
For high fregeuncy EMC Promote:
p
4A11 (4S2), 3S4

-

A
D)
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