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ABSTRACT

Within a background of VAC product offering and technical support by VAC,
this paper illustrates how EMC performance can realize significant
improvements in many situations.

Here we plan to use a Picoscope 3206B along with a few self-built
accessories to quickly judge the improvement offered by a particular
experimental configuration right at the designers own workstation.

We will also examine a few case studies where VAC's technical team
improved cost and/or performance of ferrite based EMI filters by filter-order
reduction based on broad-band feature of nanocrystalline CMC cores.

Additionally, we plan to demonstrate VAC's “CMC QuickDim” simulation
program which predicts the impedance to expect from a given CMC design
combination of Core + Turns + Wire + Current + Imbalance.
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VAC Supports EMI Compliant Designs
*  VAC Overview
»  Common Mode Chokes
= Standard CMC Products
*  Nanocrystalline Cores for CMC
*  Analysis of Customer’s data
*  CMC_Quick-dim3.0 Simulations
*  Custom CMC designs
*  Analysis of Customer’s product
*  Samples
Series production

»  EMI Shielding products
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The Company / Portrait

Today VACUUMSCHMELZE
manufactures a broad spectrum
of high quality materials & parts,
components and systems for
numerous markets, from Swiss
watch manufacturers to the
aircraft industry.

Materials & Parts

34%

The use of VACUUMSCHMELZE-
products is widespread. Many of us
use them every day — without even - permanent Magnets
knowing it. 2%

Cores &
Components

40%

The Company / Portrait

VACUUMSCHMELZE is one of the world's leading manufacturers
of advanced magnetic materials and value added products.

In 1914 the first vacuum melting furnace laid the foundation
for today's VACUUMSCHMELZE. Melting alloys under vacuum
went into production on an industrial scale in 1923.

This initial operation located in Hanau, Germany,
grew into a company active on a global basis,

+ with 4 500 employees

* in more than 40 countries

+ with annual sales of approx. 350 million Euro

VACUUMSCHNELZE

VAC Products
FOR EMI APPLICATIONS

Cores for Common Mode Chokes

Shielding Metals




11/1/2012

VACUUMSCHNELZE VACUUMSCHNELZE

Standard CMC Products www.vacuumschmelze.com
A BRIEF OVERVIEW TOUR

A tour of VAC's website
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« equal no. of turns wound in opposite direction.

only slight attenuation of symmetrical currents.

« strong ,common-mode" damping against asymmetric
currents.

« pand B, must be safe against unbalanced currents.
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Cores for CMC

melting furnace

A discussion of why Nanocrystalline VP500F is the best core material for
CMC application.

!/ induction coil

liquid metal 4— ceramic nozzle
1300°C 500kg

casting wheel O
10°C

cooling rate:
1.000.000 Kelvin/s

/N

amorphous metallic strip,
17 - 25 um
speed: 100 km/h (60 mph)

VATROPERM core for
cm"m Mwe mkes VACUUMSCHMELTE VACUUMSCHMELTE
ore production 3
Materials for Common Mode Chokes
3 Co — based NiFe MnZn Nano-
Material amorphous Permalloys Ferrite crystalline
approx. approx.
Material basis 70 % Co Bobel Mn zn 735 9% Fe
15000
Permeability | 1 max (10 kHz) >90 000 <20000 15000 100 000
5Wikg 14 Wikg 17 Wkg 3Wikg
Losses P e, . (25 kHz, 200 mT, 100T)
06T 08T 048T 127
Saturation Induction B g
210T 400 T 220T >600C
Curie Temperalure Te
Testing, Upper Cont. Operation T et % T 120 T <100T >120C
Heat treatment Casing, packing, (272l (s CEEETED RSV o
Raw Material Amorphous strip Core winding Faoeis s {ransport
17 18
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EMC properties EMC properties
VITROPERM = broadband loss spectrum, high damping already at ,low* VITROPERY
frequencies, low no. of turns....
70 T 1T UL
60 r Nanocrystalline e pEan
VITROPERM
e [ i s VITROPERM =
2 N =60 L—T TR better damping in same volume Similar damping in smaller volume
3 LN <> 5\\ \\ ping ping
g /N‘”O\/”_ N \\\ TT I T TT T T T T T T T T T T T T TTTIT T T T
H N=30 Lt \ [ IR0 [ | 11 (IR TTI 111 + \yw;;vg@r:;m; 11
£ 30 P el H 4+ — = | umoresu soe Y e RN A R R TR ki
“sommN=3x10 | F
g i T\ \ H TR/ T A SO MR AT YL IR
< 2 el LU L L N ow_ |y P Ak N-22,0camm |
/\ \ 5 [ (R TIT  ANA o ‘§W,LU\MW [T BNV N T R R T
10 Mnzn-Ferite | || |coresizes: H e N | # [ FEONE\CT e e
N =40 30x20x10 mm: VITROPERM 2T T T T TN e LML L LIty L LI
Ll 34x20.5:12.5 mm: Ferrite i 1 e 11 it AT 1 I \NERATAI
o L) Lol 11 | LU
0,01 01 10 10,0 10 100 1000 10000 100000 0 100 1000 10000 100000
Frequency (MHz) Frequency [kHz] Frequency [kHz]
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Function of the RFI - filter Magnetic properties Z=wL=2T1f Yo 1, Ape N2/ I,
} T ‘H VITROPERM = high p over entire frequency range
N
s n o ‘ H 1000000
H
3 o | i Co - Amorphous.
§ 1w m Nanocrystalline
M i el (VITROPERM)
w0 ol N = 100000
. 111/ AR £
"u R P o § ool =1 3 NiFe
Freauercy ) H I~ H (70 um)
— e e crson ‘ N Vo ™ ) Hs E
ol ] g e 1 . 5
. R ' s & e /
set =L ST . Il Mn-Zn Ferite:
H o b ey = (ierrt T38)
H —
& 1000 + + + t
" . 0,1 1 10 100 1000 10000
Frequency, f [kHz]
[e—— 22
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Magnetic properties B = lo M leom N/ lge Magnetic properties
VITROPERM = high B, and extended T - range (> 120 °C) VITROPERM = excellent thermal stability, easy design
14
‘ 30000 T T T T 75%
Nanocrystaliine f =100 kHz Nanocrystalline f =100 kHz
E 127 Fe735CUsND;Siss B (VITROPERM)
(VITROPERM) 25000 [ | Ferrite N30 0%
1, P — ‘ z
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g — Y
S 06 E &<
s & 5E
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® 02 \ 5000 / | (VITROPERM) 50% 3
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0 0 L 75%
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Insertion loss curve - theoretical aspects
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Analysis of Customer’s data

A couple of case studies
Broadband CMC reduced multi-stage filter by one stage.

(Conducted Emission / Bearing current / Susceptibility)

180ct2012
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Example 1: 90 W adapter

Original filter: 2 —stage filter, 2 ferrite CMC (CMC1 OD=13 mm, CMC2 OD = 15 mm), 1 DMC (Fe
powder OD = 15 mm)

I ome & b omc 6 G ove
L — — — L
w|L 1 %F NL{Z ] 0] e
side - = side
S | T A
—— I na S
==
VAC solution: 1 stage filter, 1 CMC (nanocrystalline core W902 OD = 12 mm), 1 DMC (Fe
powder OD = 15 mm)
& ome & b cme o G
t e = v ¥ s e s 1 t
o A B 2% L .
side side
S I .
= =T
= 29
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VITROPERM
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120
‘ ‘ ‘ ‘ ‘ ‘ Application: 250 W — SMPS for Telecom

100+t Rated voltage: 230V
B Yl Current: 1A
F e Switching frequency:  100kHz
e Upper plot : noise level without filter
e il Lower plots: same filter result with L1 options:
& a) Feriite choke with core 25x15x10 mm

2 (- m=18g, N =2x22 tums., L =2x6 mH R

b) VITROPERM-choke; with core 16x12,5x6
m=9g, N=2x32tums, L=2x24mH

10 100
Frequency [MHz]

 Material - The Key to Progress 180ct2012

Example 1: 90 W Adapter for Notebook
Input:  100-240V ; 50-60 Hz ; 1.5A

Ouput:  19Vdc ; 4.74A
(90 Watt)

180ct2012
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Filtersample

Original 2-stage filter

30

s- The Key to Progress
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Example 1: 90 W adapter: aE - curve measurement with VAC solution Example 1: 90 W adapter: noise measurement

90W-Adapter
Detektor quasipeak, Adapter about & cm atiove Aluminium plte
55 measurement it ohic load (abaut &5 Ohm)

T
© - - CISPR 22, class B (ITE)

aE [dB]

— Veasurement of 2-stage ferrie fiter i T
—— Simulation W902 (12'8%4.5), L=78.8mH, fg=27kHz, N=50, Cw=7.TpF, dT=18K ,:‘Z-stage filter (2 ferrite CMC) '2‘1 stage fiter (1 nanocrystaline CVC) |
5 Simulation W02 (12+8*4.5), L=36.5mH, fg=27kHz, N=33, Cw=7.3pF, dT=8K [with DMC ) [with DMC ‘ |
—— Selected proposal: W802 with N=2x40 (0.4mm-wire), CW=11.9pF, Ls=28nH, T T
dT=15K, L2 short (real | |
1 t

level (quasipeak) [dBuV]

1.000 10.000 100.000 1.000.000 10.000.000 100.000.000
frequency [Hz]

g

31 f IkHz] 32
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Example 2: 350 W SMPS Example 2: 350 W SMPS
Original filter: . et l e re l L
2 —stage filter, 2 ferrite CMC _. _. T
(CMC1 OD=18 mm, CMC2 Load .L T .L line -
_ side a— a— side
0D =25 mm) N . T . T N
|__igmeaagm % -
VAC solution: cme As Az Ar
1 stage filter, 1 CMC R e - T -
(nanocrystalline core W838 Load ® _L 1- _L line -
0D =19 mm) side - side
N L] N
) =]|’_: L=
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Example 3: 180 W SMPS for LCD TV / monitor
Original filter: e x oy ek o .
3ferite CMC —— 1| —— —
2DMC rectier =T — | — ||= Meins
=5 Chokes ° SN o ° _|—| N
e o oy ome o o
C— o ———E
VAC solution: . L I ® L ® | vans
2 Vitroperm CMC """ =T - T —
° ° L] N
1 DMC — ] — -
=3 Chokes I
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Example 3: 180 W SMPS for LCD TV / monitor - modified components

original EMIFiItEraVthEETieNelV (e

2DMC cx

(24

Example 4: Solar Inverter

VACUUMSCHNELZE

Original filter: o et o e ower o
2 ferrite CMC — e . A
2cx Inter- L f el L f . .TI.
6 mediate | == — ||= _ AC,
oy circuit ° . ,Tams
VAC solution: c, . vnRCchJAchRM 5
L
1 Vitroperm CMC T I T
L]
Tex Inter- —
4 ¢ mediate | T I = I AC, mains
¥ circuit o N
Iz

Analysis of Customer’s product

A discussion of LISN

and

A demo of measurement for conducted mission
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Subpart B - Unintentional Radiators

Section 15.101 Equipment authorization of unintentional radiators.

Section 15.102 CPU boards and power supplies used in personal computers
Section 15.103 Exempted devices.

Section 15.105 Information to the user.

Section 15.107 Conducted limits

Section 15.109 Radiated emission limits.

Section 15.111 Antenna power conducted limits for receivers.

Section 15.113 Power line carrier systems.

Section 15.115 TV interface devices, including cable system terminal devices.
Section 15.117 TV broadcast receivers.

ed Materials - The Key t Pr
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Q
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Radiated
Emission Test—-l
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Test Points for Conducted Emission
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() Except for Class A digital devices, for equipment that is designed to be connected to the
public utility (AC) power line, the radio frequency voltage that is conducted back onto the AC power line
on any frequency or frequencies within the band 150 KHz to 30 MHz shall not exceed the limits in the
following table. as measured using a 50 jtH/50 ohms line impedance stabilization network (LISN;
Compliance with the provisions of this paragraph shall be based on the measurement of the radio
frequency voltage between each power line and ground at the power terminal. The lower limit applies at

the band edges
Frequency of Emission (MHz) Conducted Limit (dBuV)
Quasi-peak Average
661056 " 561046 "
56 46
60 50

" Decreases with the logarithm of the frequency.

VACUUMSCHNELZ

(W) Clas al device. A digital device that is marketed for use in a connercial, industrial or
business environment, exclusive of a device which is marketed for use by the general public or is
intended to be used in the home.

i) Class B digital device. A digital device that is marketed for use in a residential environment
notwithstanding use in commercial. business and industrial environments. Examples of such devices
include, but are not limited to, personal computers, caleulators, and similar electronic devices that are
marketed for use by the general public. Note: The responsible party may also qualify a device intended
to be marketed in a commercial. business or industrial environment as a Class B device. and in fact is
encouraged to do so, provided the device complies with the technical specifications for a Class B digital
device. In the event that a particular type of device has been found to repeatedly cause harmful
interference to radio commmunications, the Commission may classify such a digital device as a Class B

digital device. regardless of its intended use

VA

(b) For a Class A digital device that is designed to be connected to the public utility (AC) power
line. the radio frequency voltage that is conducted back onto the AC power line on any frequency or
frequencies within the band 150 kHz to 30 MHz shall not exceed the limits in the following table, as
measured using a 50 WH/S0 oluns LISN. Compliance with the provisions of this paragraph shall be based

i the measurement of the radio frequency voltage between each power line and ground at the power
terminal. The lower limit applies at the boundary befween the frequency ranges.

Frequency of Emission (MHz) Conducted Limit (dBuv)
Quasi-peak Average

7 66

73 60

VACUUMSCHNELZE

to M
uuT 1 50

50 Q 0.25 pF
Signal
Port
1000 Q 5Q

to Mains

8.0 uF

Gnd

Gnd
Line Impedance Stabilization Network

(LISN)

(k) Digital device. (Previously defined as a computing device). An unintentional radiator
(device or system) that generates and uses timing signals or pulses at a rate in excess of 9,000 pulses
(cycles) per second and uses digital techniques; inclusive of telephone equipment that uses digital

techniques or any device or system that generates and uses radio frequency energy for the purpose of
ti transformations,

performing data processing fimetions, such as electronic
recording, filing. sorting, storage, retrieval, or transfer. A radio frequency device that is specifically

subject to an emanation requirement in any other FCC Rule Part or an intentional radiator subject to
Subpart C of this Part that contains a digital device is not subject to the standards for digital devices,

provided the digital device is used only to enable operation of the radiio frequency device and the digital
device does not control additional functions or capabilities. Note: Computer terminals and peripherals
that are intended to be connected to a computer are digital devices.
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Improvised Line Impedance
Stabilization Network
(LISN)

Mains

to UUT
Line (blk)

Line (blk) YY)
- (blk) Y Y

J~:251r 0

Ch A (blu)

P

£ Test Point

1000
3 ohms
“ Gnd (grn)
Gd
000
st Point < ohms

50 ohms

0.250F
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OUTPUT VOLTAGE OR CURRENT PHASE B INPUT GURRENT.
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PHASE C INPUT CURRENT
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PWM
EMI SOURCE

Optimizing your CMC

Calculate emission limits in terms of rf currents.

floton Measure actual rf currents.
Flux
+350V
Estimate voltage of noise generator.
Determine impedance to limit rf current.
-350V
J‘-— 333 uS=3kHz
24 mS=42Hz ign CMC for proper i

he Key to Progress
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Calculate emission limits in terms of rf currents.

I lirvit,

Z required| T

E e Zusy Emit
(50 Qtyp)

=150 kHz-500kHz
Eime=79 dBUV = 8913U.V =.0089 \Volts
Eime 0089 it

- =178 pA max

Zusy 50 chms

limit—

C - Advanced Materials - The Key to P
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E LISN

Z known = zero (no filtering present) therefore:

Enolsegenerator = E LISN

150 kHz

[ 0.891 volts |

500 kHz

[ 285 volts |

E noise generator

AC - Advanced Materials - The Key o Pr
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Select/design CMC for proper impedance.

RATING: 127 AVPS, 480V, 3¢ 1_pm 4

N1
Design: 2 g5
Core: quad stack TE0006-L2102-WA463

(1027625 wromRysTALNE VITROPERV S00F) 3 — 6
Winding: 7 tums itz 3x8042:4 nm N3

Impedance tests at 5 Vims:
150 kHz: 6865 ohns at 9.4°

250 kHz: 6960 ohrrs at -30.2°
500 kHz: 3540 ohrrs at -69.4°

Other tests:

Indudance at 10kHz: 13.86 mH
DCR: 1.33 millohrs

Hipot at 2500 Vims: OK

WT: 421G

C - Advanced Materials - The Key to Pr

Measure actual rf currents.

BExtracted data from test report
150kHz 500 kHz

Pesk Reading 102 BV 9 dBLY
Probe Insertion Loss
G oon +17.0dB +10.1dB
Adual measurement 119 dBV 109.1 dBuV
onvettovols 0891 Volts| [ .285Volts |

vanced Material - The Key to Progress

Time
o Z usw
@

E
Total impedance needed = — 2 FHY — 7

I limit.
150 kHz 500 kHz
Zoue BLY 285V
T 178 A 178 pA
Z o =_ 5060 ohms 1601 ohms
less known Z's _50 ohms 50 ohms
Z requres= 5010 ohms 1551 ohms
L inccatea 54 mH 0.51 mH

inductive reactance (X 1):=2TfL

vanced Material - The Key to Progress

vanced Material - The Key to Progress
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CMC_Quick-dim3.0 Simulations Simulates important parameters of CMC which are based on VAC's
- ' nanocrystalline VITROPERM®-cores. Comparison of different calculated

A demonstration of QuickDim 3.0 designs lead to the optimum solution.
and frequency characteristic
Discussion of CM, DM, and Imbalance current has on CMC selection, Temperature rise

winding capacitance

Remarks about Amperage rating and environmental condition. Self resonance
DCR,

winding factor

unbalanced current limitation

ced Materals - The Key o
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I " i ey wre——— e
I system: Rw = 50 Ohm)| unbalanced curent = OmA DO g encopsto| st e [
= N - el
3 45 ._\ = ETT [
Iy = o miva et B 1
E1- ) nel 10, < osrom
) otz E| .
3 A
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¢ @ 30 by
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. 825 Winding: Componentdesgn|GonaT
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52 P
g L=0) 121 0=0y oo o
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£ AL S e i
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2 E| 100 kMz_ 64 ' oo 404
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ROROS Winding- Custom CMC designs
core type: [Ws23 v no. of windings: |2 i{ one Windung layer

no.of cores:[I Al (stacked) no.oftumei [0 =] [ 2xestuns A discussion of CMC CheckList
no. of strands: [1 =

material: |VPS00F wire diameter & ¢, [mm]: (0.9 h =AWGE10
bility u: =10k i i i
permeability i: [B0000  (f=10kHz) Component Design: A demonstration about Common Mode Current impact on CMC selection
dimensions (hare core) encapsulation: desian: [upright [
outer-@& [mm): |25 plast, hous, '2—
inner-@ [mmlk |20 GOl

heigth [mmi: [15— operational conditions:

and

load current o [AL [
range: | i system: unbalanced current (bias ) ly; [mAJ: [0
af .
start frequency [kHzl: [1 Rw(QEs0 j ambient temperature T, [°C]: [60
end frequency [MHz): [100 forced cooling: Top max [°CE: [15

Johannes Beichir [24.112008]

65
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VAC CMC CHECKLIST

CMC Design Checklist Aug 2008
WUASCHAELZE
NOTE: The yellow fields are mandatory. Additional informations should be added in the white fields.
Company name: Contact person:
Address: Tel.:
O New project E-Mail:
] Replacement for:
Application | 1 SMPS/UPS: Date:
(please specify in =
ore cetaiy | 1 Drivesfinverter D)
= i
O Welding
[ Other.
Expected annual| Year1 | Year2 | Year3 | Yeard Target price [€]:
usage [pes Product life cycle [years]:
Sample quantity:| ___________pes sample date:
QM-Requirement: | (750 9000  [1TS16949 [ Others:

CMC CHECKLIST (concluded)

Additional Specifications

Environmental demands: | Vibration: Humnidity: Du:

Leakage inductance [pH]: Copper resistance Re, [Q]:

Casing i Core N/ d,

Further comments:

Draft of filter schematic:

VACUUMSCHNELZE

VACUUMSCHNELZE

CMC CHECKLIST (cont'd)

Eilter Design:

Filter: 1-stage O 2stagel]  multi-stage[] (No. of stages: )

Schematic: | draft on page 201 separate attachment ]

Important Operational Characteristics

System voltage [V]:
Working voltage” [V]:
Pollution degree (typically 2):

(No.of windings) x Load current (nom.
Max. load current [A]: for __sec
Switching frequency [kHz]:

@ 10 kiiz| Max. amb. temperature [°CJ:
@ 100 kHz| Max. operating temp. [°C]:

Nominal inductance [mH]:

Nominal impedance [Q]:| ____ @ ___ khz Convection: |
Max. unbalanced current / @f<50kHz Fan:| O ___[mis]
max. Common Mode Current_[mA]: @___MHz Heat sink: | ___[KW]]

Max. dimensions: W x D x H [mm]:

Pinning already fixed ?|Jyes [Ino

Electrical standards: | [ EN 61800 [JEN50178  CJUL Cother.

0 none

T eomneciod lomans 7 nol conneciod o mans.

Samples

Photos of a few custom CMC'’s

Discussion of “Customer-Specific” products

VACUUMSCHNELZE

VACUUMSCHNELZE
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Series production

A discussion about PPAP, agency audit (eg UL), FEMA, etc

C - Advanced Materals - The Key i

EMI Shielding products

Vacoperm 70 (crystalline NiFe)
* Stamped parts
* Sheets
Vitrovac 6025R (amorphous CoFe)
* Amorphous Strip
* Adhesive back strip
Vitroperm sheet (nanocrystalline SiFe)

* Annealed parts

VACUUMSCHMELZE

Shielding

Magnetic Shielding Foils
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