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ABSTRACT

This thesis presents the study at relationship between signal noise from common mode current
and radiated emission of the switching mode power supply (boost converter). The studying is
conducted by using circuit balancing technique to make the common-mode current cancellation in the
frame ground. This is achieved by balancing (1) de source (2) Transmission path and (3) load terminal
including (4) compensation the high frequency signal path by capacitors. By using this technique, the
common mode current can be reduced in 4 steps difference when comparing with the highest value of
the former common-mode current. An each common-mode current will generate the difference
electromagnetic interference emission. Therefore, the conducted emission and radiated emission are
measured with respect to each value of the common-mode noise. From measurement results, the
relationship between common-mode current and both of the conducted emission and the radiated
emission can be plotted. The rélationship results are linear, the slop of common-mode current to
conducted emission is 11 dB/octave and to radiated emission is 5 dB/octave, respectively. Their

relationship are confirmed by experimental results
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Figure 1
Part Mumber: 0431167281
Frequency Range: Lower & Broadband Frequencies 1-300 MHz (31 material)
Description: 31 ROUND CABLE CORE ASSEMBLY
Application: Suppression Components
Where Used: Cable Component
Part Type: Round Cable Snap-its

Preferred Part: v
Mechanical Specifications
Weight: 33.000 {g)

Part Type Information

Round cable snap-its can =asily aczommodate round cables or bund'ed wires vith diameters from 2.5 mm (.1007) 1o

254 mm (1.000"). Trese assemblies are available in four ferrite materal dasses to suppress differential or

common-mode conductzc EMI from 1 Mz into the GHz region. The polypropyiens cases are meeting the RoHS restrictions
of hazardous substances and have 3 flammaby ratng of UL 94-VO.

-Round cable snap-it assembes are controlled for impedances en'y. Tre impedances listed are typical values. Minimum
mpedancs values are specifisd for the + marked frequencies. The minimum guarantesd impedance is the Ssted impedance
hess 20%.

-Singiz tum impedance tests for the 31, 43 and 44 matera! are perfermed on the 41834 Vecter Impedance Analyzer. The 61
matena’ parts are testzd on the 47814 RF Impedance Ana'yzer. Cores are tested with the shortest practical wire length.
-¥any of the snap-: pans have round core =quvalents. See Round Cable EM! Suppressicn Ceres section of our catalog.
-8’ Dimension is the core Dimension.

-Round Cable Snsg-1 Kits are svailable for =ach of the four suppression materials. 31 Snap-I: Kit (0195000030),
42 Snap-lt Kit {0122000031), 42 Cors and Snap-it Kit {0155000032) and 81 Snap-It Kit (0199000033).

-Explanation of Part Numbers: Digits 1 & 2 = product class and 3& 4 = mazerial grade.
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Mechanical Specifications

Land Patterns

A3 W X Y Z
Dim mm mm nominall inch i
ref
tol inch misc. j E
A 23.70 - 0.832 - - - = - -
s o T o800 L= winding Information
C 30.40 - 1.550 -
o) 11.70 N 0.281 N Tumns ‘Wira 1st Wire 2nd Wire
E e 2 < - Tested Size Length Leméﬂ'n
G - - - -
H - - - - Reel Information
i - . = - Tape Width | Pitch Pans7 " | Pars 13°| Paris 18~
_ _ N mim mm Reel Reel Reel
Electrical Specifications = =
Typical Impedance (£2) _ .- - - -
Package Size
1 MHz 18
Pkg Size

5 MHz 58

10 MHz+ 81 ©

25 MHz+ 144

Connector Plate
100 MHz+ 240
# Holes # Rows

250 MHz 270
Electrical Properties
Legend

+ Tes! requancy

Prafered pans, e SUSJESIEC CNOWE for new deSigNE Nayve SROMET 1232 TMeS and ate mare readily avallabk.
Tne column H{Cé} glvas ior €ach beaa the calcuiated oc CI3s N2lg in o2rsted for 1 tum anc 1 ampere alrect carrent. The actual dc H fed In
ne 3pplication Is tis va'L2 of H tmes e sctual NI tamaere-tum) praauct. For e 2ffact of iz de bias on e Impacance of the b2ad material,
£2€ fgures 18-23 In Ihe applcaticn note How 10 chodse Fernte Components for EMI Suppression.

A % um s cefined 36 & shgle pass througn a Kok,
ZuA - Core Constant

Ay’ EFecove Cross-Sectona Area

A_- neuctance Faclor (52)

NIAWIG - Number of TumsiVi're Slze *or Te2st Coll

Ferrite Material Constants

! o2 Erzcrve Patn Length
vz ' Emzcive Cora Velume
NI - V3le of 3¢ AmpEre-tums

Specific Heat
Thermal Conductivity ....
Coefficient of Linear Expansion................
Tensile SIangth .. aiwwiniissinsies
Compressive Strength ...coeeeeceiiciviiinenn,
Young's Modulus
Hardness (Knoop) .....ecieorievnesienninnneneinns

SPEoiic Gravill ..o ssenamsmsmssisis

The above quoted properties are typical for Fair-Rite

0.25 callgiC

10x10°3 calfsec/cm/°C
8 - 10x10%~C

4.9 kgf/mm?

42 kgfimm?

15x10° kgfimm?

650

= 4.7 glem?®

MnZn and NiZn ferrites.

See next page for further matenal specifications
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A MnZn femite designed spacifically for EMI suppression

applicaticns frem as jow as 1 MHz up o 500 MHz. This material doas
nel have the dimensional resorance limitations asscciated wilh
convenlicnal MnZn ferrite materials.

Round cable EMI suppression cores, round cable snap-its, flat cabls
EMI suppression cores, and flat cable snap-its are all available in
31 material.

Complex Permeability vs. Frequency
lm * R SR 20 WP -0 Aty

4 € [ f——

Y]

1000

e W

100

LA

! f
, e
W0 — s e
0 0 107 Al
Frequency (Hz)
Meaturd? on 3 1710°5mm lord 21
25°C wsing the HP 4284A and the HP 4291A.
Initial Permeability vs. Temperature
5000
T PR S
p, |OQ}
2000 beniond
1000
0 . -
-50 [*] &0 100 150
Temperature{°C)

Measured on a 177108 mm ool at 100xHz,

31 Materlal Spectications:
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Property Uit Symbal Vsl
:ﬂiu‘ 10 peuse Pe -
Flux Dunsity gauss B 200
& Fiuld Surongih eraded H ]
Rusidus| Flux Denaity Pruse B, =00
Coatciva Forca o8t stad H, 035
Loas Fackor 0w+ tanbuy, 20
& Frequancy iz o)
1

It arastity g or0e) | 37 1"
Curie Tomperuturs °C T »>130
Rogisihity oon P 1ot

Percent of Original Impedance vs. Temperature

120

100 |

(%)

80

a0 |-

20 s

.

1 {
| :

20 40 50 E0 W0 120

Tempersture({°C)

Measurad on a 2631000201 vsing tha HPA251A,

Hysteresis Loop

3500

5%

i
x

H {oarsted)

Maasumad on a 17/10%6mm torodd at 10kHz,
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0431167281
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W
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Impedance, reactance, and resistance vs. frequency.
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Impedance vs. frequency with one, two, and
three tumns.
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How to Choose Ferrite Components
for EMI Suppression

Introduction Conducted Limits*

The following pages willfocus on Soft Ferrites usedin the applica- Frequency Class A Class B
tion of electromagnetic interference (EMI) suppression. Although

the end use is an important issue and some applications are | 430 kHz-16 MHz 60 dBuv 50dBuv
mentioned, this technical section is not intended to be a design 1.6 MHz - 30 MHz 70 dBuv 60 dBUV
manual, but rather, an aid to the designer in understanding and

choosing the optimum ferrite material and component for thelr _ Measuredusing a 50-ohm LIS

particular application. Ferrite suppressor cores are simple to Radiated Limits**

use, in either intial designs or retrofits, and are comparatively

economical in both price and space. Ferrite suppressors have 30 MHz - 88 MHz 50 dBUV/m 40 dBuVim
been successfully employed for attenuating EMI in computers 7

and related products, switching power supplies, electronic au- |88 MHz - 216 MHz 53 dBuVim 43 dBuVim
tomotive ignition systems, and garage doors openers, to name 246 MHz - 960 MHz 55 dBuVim 46 dBuVim
justa few,

i abova 080 MHz 64 dBuV/m 54 dBuVim

“Measured at a 3-meter dstance

Use of Ferrite Suppressor Cores W) ,
Figure 1 FCC Radiation Limits for class A & B equipment

The United States was one of the first countries to recognize

the potential problems caused by electromagnetic pollution, As

aresult the FCC was charged with the responsibility of promul-

gating rules and regulations o control and enforce limits on high 250

frequency interference.

Figure 1 shows the current radiation limits as defined by FCC i,
Rules Part15, for class A (industrial) and class B (mass-market) 200
equipment,

Contrary to the times when these regulations were first enforced 150
and designing for EMI protection was often anafterthoughtrather '
thana forethought, amajor portionofteday'scircuitryis incorporat- A
ing EMI safequards in its initial design. Many approaches can be / /
used tocomply with design or specification limits for EMI. Attention 100 /
to basic circuit design, component layout, shielded enclosures AT
and other use of shielding materials may be considered. For ,;,r NI X
reducing or eliminating conducted EMI on printed circuit boards 50 L
in wiring and cables, ferrite components have been used very AU
successfully fordecades. The ferrite core introduces into thacircuit LA N
-
0

e el B

Z R X (D

a frequency variable impedance, see Figure 2. The core will not 0

affect the lower frequency operating signals but does block the i

conduction of the EMI noise frequencies. The Figures 3 and 4

are photographs of a representative sampling of the Fair-Rite Frequency {Hz)

Products Corp. product fine of suppressor cores. Figure2  Impedance, reactance, and resistance vs.
frequency for a ferrite core in 43 material,

107 ¢ 10°
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Figure 3,4 Variety of EMI Suppression Cores including: (1) Beads on Leads, (2) Split Round Cable Suppression Cores and
Cases, (3) Split Flat Cable Suppression Cores and Cases, (4) Printed Circuit (PC) Beads, (5) Round Cable Suppression Cores
(6) Surface-Mount (SM) Beads, (7) on Reel, (8) Wound Beads, (9) Connector Suppression Discs and Plates and

{10) One of our Engineering Kits containing a Large Variety of Samples of EMI Suppressor Cores.

The Magnetics

The permeabilityofaferritematerialis acomplex parametarconsist-
ingofa realand an imaginary part. The real componentrepresents
the reactive portion and the imaginary component represents the
losses. These may be expressed as series components (u,'s,")
or parallel components [1.1",1.1’").

Figure5 isthevector representation of the series equivalent circuit
of a ferrite suppression core; the loss free inductor (L ) is in series
withthe equivalentloss resistor (R ). Thefollowing eq uations relate
the series impedance and the complex permeability:

Z=jul, + R, =jol i~ ") ohm

so that
ol, = oLy, om
R, = oLy, om
where: L = 4rN*10®  (H) is the air core inductance.

C

1
C, = core factor

Theimpedance of a ferrite suppressor core is a combination of the
intrinsic material characteristics u,' and u_', the square of the turns
and of the femrite core. The compl'ex permeabﬂlty components '
and u," vary as a function of frequency. The core geometry and
the nummber of turns are frequency independent contributors to the
overall impedance.

3y
N 2 vz L K,

1

e

| >

il
T
‘1
T

e
&~

Z=R HwL,
=R HoL '
1R z ! R, J
s Z=jwL, Q—._(ﬂl, + 1, )
R‘ .ngu‘ * LIEPPI 1 ]
) o Y Z= joL,(1'-n,")
tand = I—L:-‘L— A i

5 * Lo-_- %&. (H) (CI cm")

Figure 5

Material Selection

Conducted EMIcan occurover a wide range of frequencies, from
as low as 1 MHz to several GHz. To provide protection over such
a wide frequency range a number of ferrite materials will have
to be made available.

Fair-Rite offers a complete line of suppression ferrites that cover
a gamut of frequencies. Starting at 1 MHz MnZn ferrites 73 and
31 are used. Beginning around 20 MHz up to 2007300 MHz the
NiZn materials 43 and 44 and the MgZn 46 material are recom-
mended. For the highest frequencies the NiZn 81 material is the
choice.



Figures 8 through 11 show for these SiX suppression materialsthe
complex permeabilitiesyy’, andp’, asafunction of frequency. Forall
thesematerials atlow frequemlesu ishighestbutasthe frequency
increasesy” becomesthedommantmatervaiparameterv'henoethe
biggestcontnbutor to the overallimpedance. Atthe low frequencies
where ', is highest the suppression core is mostly lnductlve and
rejects EMI signals. At the higher frequencies where u*, becomes
the more significant parameter the impedance will become more
and more resistive and absorbs the conducted EMI.

Table 1 lists Fair-Rite’s suppression materials, suggestedoperating
frequency ranges and the test frequencies for the six suppression
materials. The recommended materials will prowde the h|ghest
combination ofthe primary material characteristics ' and p* ,over
that frequency range.

Table 1
Material ~ Froquency Rang o Test Fraquencles Comments
73 1-25MHz 10-25MHz Small parts only
3 1-300 MHz 10-25-100MHz | Large parts only
43 20- 300 MHz 25 - 100 MHz Wida range of parts
44 20- 300 MHz 25 —100 MHz High rasistivity
4 20- 300 MHz 100 MHz Larga Parts
61 200+ MHz 250 - 500 MHz For VHF designs

Making the material selection is the first step in eliminating con-
ducted EMI problems. To make this material selection it is impera-
tive that the frequency or frequencies of the unwanted noise are
known. This needs not be an exact figure; an approximation will be
sufficient. From the EMI frequency the material can be selected.
[tshould be made clear that several environmental conditions will
have o be addressed before this selection becomes final.

Environmental Conditions

As shovm in Figures 6 through 11, the ', and u*, will vary as a
function of frequency. However, several environmental conditions
will also affect these primary material parameters. The most sig-
nificant ones are temperature and dc bias.

Changes in the combination of u', and y’, due to temperature
is strictly a material characteristic which is not affected by the
core geometry. The graphs in Figures 12 through 17 show the
percentage change in impedance as a function of temperature
when compared to room temperature. These typical changes in
impedance will be applicable for all components made from these
materials. Designers canuse these graphs to evaluate performance
of specific components versus temperature.
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73 Material
10000
s
N,
N
1000 ]
M T
0N
. 'y :
Wey W'y ) 7
y |
oo 1| A | AN
\
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\
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108 10° 107 10°
Frequency (Hz)

Figure6  Complex Permeability vs. Frequency
Measured on a 2673000301 bead using
the HP 4284A and the HP 4291A.

31 Material
10000 T ::
i il
11
I
o 1
™~
1000 = —_———a
11'
Ko W s L
A N T
100 - -
Z
10 I
10° 10° 107 10°
Frequency (Hz)
Figure 7 Complex Permeability vs. Frequency

Measured on a 17/10/6mm toroid using
the HP 4284A and the HP 4291A.
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43 Material 44 Material
1000 552 1000
1 1 ——
N W N HE
N S
% AN S
N . B
100 ’/ S —_ :// NI
K £
Wsy W' [ A o |
i Ha s 1
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5 2
10 = 10 af
/[I
1 1
10° 10° 0 10° 10° 10° 10 100
Frequency (Hz) Frequency (Hz)
Figure 8 Complex Permeability vs, Frequency : 4
=) Figure 9 Complex Permeability vs, Frequen
Measured on a 17/10/6mm toroid using d Mea:ure d orta Y771 g“Smm :o?oi d uc;ng
the FP 42538 amt RPHE A the HP 4284A and the HP 4291A
46 Material 61 Material
1000 == 1000
—Ws — -
N
SENY
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Figure 10 Complex Permeability vs. Frequency Figure 11 Complex Permeability vs. Frequency
Measured on a 17/10/6mm toroid using Measured on a 17/10/6mm toroid using
the HP 4284A and the HP 4291A

the HP 4284A and the HP 4291A,



The dc bias is more complex. The dc bias will affect both the W,
andyu’,, butthisis alsoinfluencedby thecore geometry, specifically
the magnetic path length. Therefore Fair-Rite provides dc bias
information based on a dc H field in oersted for many of its sup-
pression components. For all EMI suppression beads and round
cable suppression cores listed in the catalog a calculated Hvalue
(H=1.256/ ) that is based on a single turn and one Amp direct
current is shown, This calculated value of H should be modified i
more turns are used or if the currentis not 1 A. A 2 Amp current
will of course double the value listed for the part. Once the true dc
H field is calculated, graphs in Figures 18 through 23 will provide
the change inimpedance information for the appropriate material,
fraquency and true H value.

Dcbias curves are included on the Fair-Rite CD-ROM. Also those
components for which the magnetic path length cannot easily be
calculated the dc bias curves are on the CD-ROM as well. Again,
this will provide the designer with a quick evaluation on how the
dc bias affects the performance of these components.

31 Material
120
R
00 == NP ZEPER
_,—/'/17 \\\\\ \\
cd 3
80 \sm\ o
(%) oo\ \
60 O
A\
\
40
20
0
40 -20 0 20 40 60 80 100 120
Temperature(°C)

Figure 13 Percent of Original Impedance vs. Temperature
Measured on a 2631000301 using the HP4291A.
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73 Material
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Temperature(°C)

Figure 12 Percent of Original Impedance vs. Temperature
Measured on a 2673000301 using the HP4291A.

43 Material
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Figure 14 Percent of Original Impedance vs. Temperature
Measured on a 2643000301 using the HP4291A.



44 Material
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Figure 15 Percent of Original Impedance vs, Temperature  Figure 16
Measured on a 2644000301 using the HP4291A,
61 Material
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Figure 17 Percent of Original Impedance vs. Temperature

Measured on a 2661000301 using the HP4291A,
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46 Material

125

100 \Q‘E : ,au;

) N§

108
50

A\

25

0
-40 20 0 20 40 60 80 100 120 140

Temperature(°C)

Percent of Original Impedance vs. Temperature
Measured on a 2646000301 using the HP4291A.

Secondary Material Parameters

Although p’, and ', are the most critical material characteristics
for suppression ap[ﬂications, resistivity and Curie temperature are
ferrite material parameters that should be considered as well.

The Curie temperature is the transition temperature above which
the ferrite loses its magnetic properties. At this temperature the
compenentis no longer performing its intended function. Once the
material cools down below this temperature it will again perform
as before. For all Fair-Rite materials a minimum Curie temperature
is spacified.

As mentioned previously, Fair-Rite manufactures three classes of
ferrite materials, MnZn, NiZn and MgZn ferrites. The manganese
zinc materials have low resistivities whereas the nickel zinc and
magnesium zinc materials have high resistivities. For applications
that use non-insulated wires or for use as connector suppression
plates, aferrite material withthe highest resistivity is recommended.
Fair-Rite’s 44 material is an improved 43 material by providingboth
increased resistivity and Curie temperature. Components in the 44
NiZn material are catalog standard parts for connector plates and
viound parts such as PC beads and wound beads,
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Figure 18  Percent of Original Impedance vs.

Magnetic Field Strength. Measured on a
2673000301 using the HP4231A,
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Figure 20 Percent of Original Impedance vs.

Magnetic Field Sirength. Measured on a
2643000301 using the HP4291A.
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31 Material
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Figure 19 Percent of Original Impedance vs.

Magnetic Field Strength. Measuredon a
2631000301 using the HP4291A.
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Figure 21 Percent of Criginal Impedance vs
Magnetic Field Strength. Measuredon a

2644000301 using the HP 4291A.
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46 Material

Common-Mode Design

If the dc currents are so high that the resulting impedances are
not sufficient to suppress the conducted noise, the common-mode
approach might solve the problem. As shown in Figure 24, in a
common-mode design both current-carrying conductors will pass
L through the same hole in the core. The dc fields will cancel and
\ the common-mode noise that is picked-up on both fines will be
A ke attenuated. It should be pointed out that an EMI signal that is on
\\ N the fine to the load and then returns from the load will not “see”
the core and will not be attenuated.

g =B

L L . o
P Inapplications with alarge direct current ina single conductor, the

solution might be the use of an open magnetic circuit core such
asawound ferrite rod. In automotive designs where the ground is
used as the return path, this often is the only option.

Percont Original Impedance{%:)
/
/ /]
Ll
/]
4

/
,
L/

0 INAAD Whenhighfrequencyoperating signals, typically above 1 MHz, are
0 1| £ & 56 T8 10 susceptible to EMI, the common-mode approach might be used
to solve that problem. In this instance common-mode Is not used

H{oersted) for the current compensation, but rather for the compensation of

. o the high frequency signals. These signal pairs will be not be sup-
Figure 2% 7'Percent of QriglaaHinpeice iy pressed, yet any common-mode EMI will be attenuated. The use

Magnetic Field Strength. Measured ona of round or flat cable cores is a good example of this application
2646000301 using the HP4291A. of this type of common-mode suppression.
61 Material .
- Common-Mode Design
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L Figure 24
0
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Figure 23 Percent of Qriginal Impedance vs.
Magnetic Field Strength. Measured on a
2661000301 using the HP4291A.
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Figure 25 Impedance vs. frequency for a 14/6/28mm
cable core in 43 material wound with one,
two, and three tums,

Core Selection

Once the proper ferrite material for a specific suppression applica-
tion has been decided the required ferrite core is the next step in
solving the EMI problem. The core contribution to the impadance
is expressed in the formula

_ 4N0*

Lo=""5

(H)

1

From this formula it is evident that the impedance is proportional
tothe square of the numberof turns and the core geometry shovin
by the core factor C,. The advantage of the proportionality of N2
i often averlooked and yet can enhance the overall impedance
significantly for a rather minor cost. Figure 25 shows the imped-
ance versus frequency curves for one of Fair-Rite’s 43 material
cable cores wound viith one, two and three turns. By increasing
the number of turns the winding capacitance is increased result-
ing inashiftin the maximum impadance to lower frequencies. I
an improvement of the low frequency impedance performance is
needed, this increase in tums can be very beneficial for the 43
material applications.

The core geometry most often used in suppression applications
is the toroidal core. When the dimensions are in inches, the Lo for
the toroidal core shape is 1.17 N2 H log,, OD/ID 10+ (H). Of the
three core dimensions OD, ID and H (height), the H is the most
significant. This dimension is proportional to the toroidal Lo and
hence of the impedance of the core. Doubling H will double the
volume and also the impedance. Doubling the core volume by
changing the OD and or the ID will only increase the impadance
by approximately 40%.
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Overall the process of selecting a bead or cable core that fits the
Wire or cable is mainly a mechanical evaluation, but the longer
the selected core the higher the impedance for a given volume
of ferrite material.

Suppression Materials

Frequency (MHz)

Figure 26  Available Fair-Rite Supprassion Materials
vs. Frequency

Suppressing Common-Mode Noise

=

Small Currents
———

Large Currents
HF Signals =

fes)
Economical

Figure 27
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Suppressing Differential-Mode Noise

—=—
Small Currents
——
Large Currents
Figure28
Summary

1. Material Selection
The graph in Figure 26 aids in the initial material selection for
suppressing conducted EMI frequencies.

DCbias, core size, operating temperature and resistance require-
ments might affect this choice.

2. Core Selection
To make a final core selection, the type of EMI, common-mode or
differential-mode, will affect the choice of the core configuration.

Figures 27and 28 provide an overview of the available core shape
options for different levels of input currents.
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Abstract

An EMC analysis of a switched mode power supply (SMPS) have been usually using unbalance circuit topologies and the
major factor of disturbance is parasitic capacitance. We have proposed a balanced switching converter circuit, which is an effective
way to reduce the common mode conducted noise. In this paper presents the relationship between common mode current and

radiated field.
Keyword : SMPS, CMI, icy, MOSFET, EMI

1. Introduction

Since their introduction at the end of the 1960’s, of
switching mode power supplies (SMPS) have become
progressively popular, up to the point in which the vast
majority of today’s electronic equipment use this type of
regulator. With regard to the electromagnetic interferences
(EMI), this type of power supply has always been serious
concern because of its conducted and radiated emissions. In a
SMPS the primary source of internal radiated on the cables,
it's usually contained the high frequency. If we can reduce
the common meode current, the radiated noise is proportional
reduced. The common mode noise is mostly occurred due to
circuit is unbalanced [1,3] which is caused by the capacitive
coupling to the frame ground which passes through a heatsink
of the switching devices [4]. In the last few year have
researchers tuned their interests on the electromagnetic
(em) radiation from such devices. The modification of
Buck converter circuit can be done by balancing the common
mode impedance (CMI) method which achieved by source,
transmission line and termination balance. The conventional
Buck converter is modified in three steps condition such that 1
: two switches buck converter with termination balanced, 2 :
two switches buck converter with termination and
transmission line balanced, 3 : two switched converter with
termination, transmission line and source balanced. It’s useful
to find the relationship between common mode current and
radiated field of Buck converter.

2. SMPS model and experimental set up
EMI is the principle loop of the converter section
consisting of the switching semiconductor component (in this
case a MOSFET), the DC source, the inductor, the filtering
capacitor and the load. Its equivalent and geometrical layout
with the dimensions, are in Fig.1

1 |
| |

30cm |
||= -
i

Fig. 1 SMPS geometrical layout

The MOSFET is driven by the electronic control system
represented by equivalent gate voltage Veq = 22 V, which has
rise time and fall time respectively such that T rise = 750 ns
and T fall = 100 ns. The DC source voltage Vdc = 30 V. The
conductors are printed traces on a standard circuit board. The
filtering capacitor C is in parallel to the load.

3. Field calculation

An original technique to calculate the field radiated by
the converter section of a SMPS is developed an amply
discussed, in this paragraph. for readers convenience only, it
will be briefly summarized. The conductors of the SWMPS
circuit are considered to be made up of a number of ideal
radiated dipoles, short enough for the current to be
approximated as constant along the length dl of each dipole.
The expressions for the fields in cylindrical coordinates as
following

o dl 1,0 0¥\ s

Er=25qoﬁ§c059{—g—;?—j 3?3}?} (1a)

- dl o~ . ] Y/ . ! )i

Ay =22 grsing| jor Lo (19
4r B, Ve

where [ is the current. 160 the propagation constant, 7], the

free space intrinsic impedance, @ the azimuth angle. In near
field region the so-called electrostatic term (j/ﬁ(fﬁ) is

predominant. It represents the field of electrostatic charges
physically accumulated at the ends of an isolated dipole. If
two dipoles are connected in series and carry the same current,
the electrostatic charges at the common end have different
signs and this makes their total electrostatic field vanish. In
using equations (1) the electrostatic terms (J""ﬂo]"l) are

evaluated from the dipole’s center and not from its ends
(because in (1) » is the distance between the center of each
dipole and the test point) so their contributions to the total
field do not vanish, mainly when r is small. This gives rise to
unnaturally large electrostatic field that can cause an
overestimation of many dBs. To avoid this error the solutions
to omit the electrostatic terms in (1) altogether and calculate



the electrostatic field directly from the charges where they do
not vanish (e.g. at the filtering capacitor leaders)

4. The experimental and discussion

Each version of Buck converter circuit must be
setup for measurement both a common mode current and
radiated field. The common mode current is measured by high
frequency current probe and display by oscilloscope. For
radiated field measurement, each version of Buck converter is
setup on the non-conductive table in 3 meters semi-anechoic
chamber and the radiated field is pickup by Bi-log antenna in
frequency range from 30 MHz to 1 GHz and display by EMI
receiver as shown in Fig.2

Fig. 2 The diagram of setup for radiated field
measurement

4.1 Test No.1 (Fig. 3)

In this test, we use the circuit as shown in Fig 3 (a),
conventional buck converter topology will have inherent
unbalanced circuit between sending power line and retumn
power line with only one switching device and one inductor
on the sending power line the common-mode noise is
occurring mostly due to circuit is unbalanced which is caused
by the capacitive coupling to the frame ground, which pass
through a heatsink of the switching devices and the parasitic
capacitance at the lead terminal which can see in Fig 3 (a).
Measurement results of radiated EMI and common mode
current of conventional buck converter is shown in Fig 3 (b)
and Fig 3 (c) respectively

Ag

| lem=lcm1+lem2+lcm 3

Fig. 3 (a) Test No. 1 Conventional buck converter
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Fig. 3 (b) Radiated emission from conventional buck converter
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Fig. 3 (¢) Common mode current of conventional buck
converter

Fig. 3 Measurement results of the radiated EMI and common
mode current of conventional buck converter

4.2 Test No.2 (Fig. 4)

Topology modification in conventional buck
converter to two switches balanced buck converter, which is
topology modified for balancing can be applied to achieve the
concepts of common mode impedance balancing and noise
source Balancing. The impedance balancing concept can be
achieved by source, transmission line and termination
balanced as shown in Fig 4 (a), the common mode current will
be cancelled out in the from ground measurement result of the
radiated EMI and common mode current of two switches buck
converter with source, transmission line and termination
balanced is shown in Fig 4 (b), Fig 4 (c¢) respectively

L2
o

o B T
o) Tm.sml_ Lo [] s
+ e |
Co = ) Ca T
s @ 1201
477 o

Fig. 4 (a) Test No. 2 Diagram
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Fig. 4 (¢) Common mode current

Fig. 4 Measurement results of the radiated EMI and common
mode current of two switches buck converter with termination
balanced

4.3 Test No.3 (Fig. 5)

To increases the efficiency of cancellation
mechanism, common mode current paths on sending and
returning transmission line can be added the capacitive paths
across both inductors, where these paths provide for high
frequency current or common-mode current. If these
transmission line capacitor Cr; and Cq, can be selected
properly, the efficiency of cancellation mechanism is more
improved. Experiment results of this improvement are shown
in Fig 5 (b) and Fig 5 (c) respectively . Comparing Fig 5 (b)
with Fig 4 (b). it can be seen that these are approximately 3
dBy/m drops around 58 MHz.
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Fig. 5 (¢) Common mode current

Fig. 5 Measurement results of the radiated EMI and common
mode current of two switches buck converter with termination
and transmission line balanced



4.4 Test No.4 (Fig. 6)

The heatsink are usually used with MOSFET, so the
parasitic capacitance, Cpy is formed between the drain of
MOSFET and the frame ground through its heat sink. These
parasitic capacitances play a major role in production of
common mode noise component. In proposed buck converter,
there are two parasitic capacitances are formed from heatsink
of two MOSFETS Cryyy and Cry, as shown in Fig 4 (a) The
proposed buck converter can be reduced the effect from heat
sink that mounted by MOSFETS.

CTL1
,,,,,, . & =
o et s 8
P | ‘
c TT Cou = Csy Cm%
i e lem 1
=y | HeaSink | g D Load
oL — y A
L ] &

Fig. 6 (a) Test No. 4 Diagram
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Fig. 6 Measurement results of the radiated EMI and common
mode current of two switches buck converter with termination,
transmission line and source balanced

The reduction can be achieved by add the
compensation capacitor to build the sub-circuit of MOSFET-
heatsink as shown in Fig. 6 (a) There are two loops of
common-mode currently upper loop is icy; and lower loop is
icmz bath of the currents are opposite in direction. If the sub-
circuit can be correctly proportioned to equalize the
impedance, the common-mode current icag and icyg will be
cancelled out in the heat sink. The experimental results of this
idea are shown the radiated emission EMI and common mode
current measurement in Fig. 6 (b) and Fig. 6 (c) respectively.
In case of radiated emission EMI comparing between
conventional buck converter and two switches balanced buck
converter that has been proposed in this paper, we can see that
the radiated EMI is greatly reduced due to decreasing the
common mode current in the circuit. It is shown that the
radiated emission EMI in mostly switching mode power
supply is dominated by the common mode noise current so
that if the common-mode noise current in general switching
mode power supply can be greatly reduced, it is not only to
reduce the conducted EMI but also it is always greatly reduced
the radiated emission EML.

From Fig. 3 to Fig. 6 we can find the relation of radiated
field to the common mode current as the relation ratio is
defined by deviation of radiated field divided by deviation of
common mode current, that is equation 2 as shown in Fig. 7

Relation ratio = %]E =2dB [ m | mA (2)
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Fig. 7 The relationship between i, and radiated field
measurement results to compare with calculated results

The radiated emission from SMPS circuit are
calculated using Equation 1(a) — (c) and is plotted in Fig. 7.
The measured results and calculated results are different each
other, because the calculated results used for free-space
condition. In the other way the measured results was
conducted on semi-anechoic chamber with consist of several
unknown parasitic parameter. Usually the Equation 1 (a) — (c)
use for antenna-like structure so the calculated of radiated
emission by using this equation base on differential mode and
common mode emission, which grater than this research
causing only common mode current.

5. Conclusion

In this paper, the relationship of common mode current
base on measured and radiated emission is presented. The
SMPS is used as radiated source. The standard current probe is
used for measured common mode current is attached on the
signal line and used for predicting the radiated emission. The
configuration of SMPS is replaced by antenna like structure
model , then the common mode current base on conducted
emission testing is fed in to the antenna model for predicting.
This method show that it is possible to predict the radiated
emission using common mode current measurement. For
evaluation the performance of prediction result, the standard
procedure of radiated emission testing are compared to the
measured result and shown that it in good agreement for each
other.
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