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ABSTRACT

This thesis presents the input impedance measurement technique of a switching mode
power supply (SMPS) by the insertion loss approach. The insertion loss approach with the
assumption condition is described. The input impedance of switching mode power supply for
electromagnetic interference filter design is proposed. The common mode input impedance and
the differential mode input impedance of switching mode power supply are the key parameters
which can be used to design the EMI filter effectively. In addition, the calculating impedance will
be very useful for the EMI filter design and analysis comparing with corner frequency method.
The result can be confirmed by differential mode and common mode experiments based on Cuk

converter 60 W. as an EMI source.
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IQLJSTJ x p:n
RIJSN + 4 in
RL.ISN / / Z.ﬂmm
RLISN /! Z shunt + Zl'n

IL

<,

n

4

— l+ LISN in

z

shunt

Z!n

~ 1+
Z.rhunt

Twhues@edu Tnuaaas

|Z | 2 |Z spme | X 1L | (3.14)

shunt
el I3
AT nanev3Taut s (Resonance Method)
‘ ] 4 (L] = = a,
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Quality Factor

¥ [}
TasusnAuda Quality Factor Wuazdtnudadadiuvesndesuf
azeugegalinates de ludrvesdamilonii uazdufuilsey dondenuigydeldluas

YBIRNIATUN U [12]

P Maximum Energy Stored
Energy Dissipated per Cycle

0=2 (3.15)
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1 o [] . »
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A = 4 . H a
4 1 = V21 seSinanszuagegail Inasudamilsniuag

wassuAgydeluddumu de 1aunm 7, =27/ w, =1/
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1 3.12 29953 Tmuuuduunvum

=
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v
Iy=——=IRoC=1Q, 62
wC
SIndunTsA 3.21 402 3.22 &ummmﬁqﬂ'lﬁ"h

L 1 (3.23)
& I I
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Current Probe
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419 Q= -——I” 9INUUMIAT Source Resistance 910 R=Quw,L
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Z, fedufunuduoenveuniesadadayan

I, e nszuad Tnaru Insusedyano

L s anileninlyugiives wsusenszug

L fs ﬁ":mummmmwmowssmmmn’mq (RF coupling)

w

M fo samumileniisau

(3.26)
(3.27

nndueupld 316 fesamsssduyedmsasaeiasBuiuaudTag

5015 ¥ Insunszue 2 472

Zya

\f

Ml

= ~
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_ MV Z, (3349
X . in
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—jwMZ,,
Zﬂg o+ ijp

A o r ﬂ' H
dlodmualt K = ( )ﬂummﬂmmim%uﬁumiﬁ 335

KV
Zx 4 = g Zin (3.35)

P2

4 o i v & ) i v 4 A
e ¥, i wmed duiu kv, Fudludindidmivlungnamid uazdionsy
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»
PINTUITABNIAMA KV 18mn

KV, = RMVP,L‘:R“ (3.36)
& A o o
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g KV _ R, . (37
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o va oa s =
AN MNITANINIG Uﬂllﬂu"ﬂﬂﬁ'}ﬁuhl Z x NNTUNETN 3.38

o Kla RV plyn z (3.38)
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911t MICROMETALS, iron powder cores

wa Fy
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GENERAL MATERIAL PROPERT(ES INTRODUCTION
Material Referance Material Relative Colar
Mix No. Permeability Density Cost Code
- () (gfomry
-2 10 5.0 2.7 Red/Clear
sl 35 6.5 5.0 Yellow/Red
-14 14 5.2 36 Black/Red
-18 55 6.6 14 GreenRed
=26, 73 7.0 1.0 Yellow/White
-30+ 22 -6.0 i.4 GreenfGray
34 13 6.2 1.5 Gray/Blue
<35 33 6.3 1.4 Yellow/Gray
-38 a5 7.1 1.1 Gray/8lack
40 60 6.9 1.0 Green/Yellow
-45 100 7.2 26 Black/Bfack
-52 75 7.0 1.2 Green/Blue

* The -30 Malevia) was Coveloped as & kowa cost, lower loes allonmalg 0 the 26 Matacial. Simlady, the -34 & -35 Metesials wera
doveloped to neplaca the -33 Material. The -28 & -33 Materials e ot Isted in s catalog but are 5N avellahie.

FORE LOSS COMPARISON (mW/cm?) PERMEABILITY WITH DC BIAS
*,  Materiai 60 Hz tkHz 10kHz 50kHz 100kHz 500kHz HDC = 50 Ostiteds
% . MixNo. @5060G @1500G @500G @225G §I40C @50G So e peffective
- -z 19 ** 32 32 48 19 12 100 10.0
-8 45 64 59 50 35 28 91 316
L £ 2 19 ** 32 32 29 21 17 100 14.9
-18 48 72 70 63 46 37 74 49.7
«26 32. &0 75 . 89 83 139 51 38.3
-30 37 80 120 149 129 129 ] 20.0
-34 29 61 87 100 82 78 84 27.7
-35 13 73 109 137 19 123 84 227
-38 31 57 72 99 103 217 31 434
40 249 62 " 93 130 127 223 62 372
-45 26 49 a0 69 61 92 46 46.0
-52 30 56 68 72 58 63 39 44.3
** Low trequency core loss i3 extrapolated from data measured at high frequancy .

Auatiaveaunumimanlums iausn

MATERIAL APPLICATIONS,
Typlcal Application 2 -3 14 -18 -26 -30 -34 -35 -38 -a0 -45 52
Light Dimmer Chokes X XX X
[50 Hz Dilerential-mode EMI Line Chokes X X X X %
es: < z or {Buck/Boost) X X X X x X X
[ C Chokes: 250kHZ or ligher EUN (Buck/Boost XX X X X X X
Pawer Factor Cormrection Chokes: <50kHz X XX X X
Power Factor Comrection Chokes: 250kHZ X X X X ' X X X i
Resonant inductors: 250kHz . X X
MATERIAL DESCRIPTION .- . .
-2/-14 Materials The low permeability of these -34/-35 Materials An inexpensive altemate fo the
materials will result in lower aperating AC (flux den- -8 material for applications where high frequen
sity than with other matedals with no additional core loss is not critical.  Good linearity with higi
gap-loss. The -14 Material is similar to -2 Materiaf bias: -

with slightly higher permeability. -
=38 Material A higher permeability aliernate to -26
-8 Material This material has low core loss and Material. A fow cost material best used at line fre-
0od linearity under high bids conditions. A good quency.
igh frequency material. The highest cost material. -
. ’ -40 Material The least expensive material. U has
=18 Matérial This material has low core koss similar characteristics ?:lﬂe similar to the very popular -26
to the -B Material with higher permeability and a Material. Popular in large sizes.
Tower cost. Good DC saturation characteristics.
3 X -45 Material The highest permeability material. A

- terial The post popular material. It is a cost- high meability alternate to 52 Material with
Jectr al pr n;g{t,gcdaﬁ‘l that is useful in a slightly higher core losses.
| v of power conversidn and line filier )
applications. ¥ Drdiort dernnd 4 s memeE . -52 Material This material has lower core loss at
. high frequency and the same pemcability as the -25
-3C Material The good lincarity, tow cost, and rela- Material. [t is very popular for high frequency choke
tively low permeability of this material make it pop- designs,

ular in large-sizes for high powear UPS chokes.
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The Comparison of the Input Impedance
Measurement of SMPS between the Resonance
Method and the Insertion Loss Method

K. Kiatgamjorn', V. Tarateeraseth’, W. Khan-ngern

King Mongkut’s Institute of Technology Ladkrabang (KMITL),
Research Center for Communications and Information Technelogy {(ReCCIT),
Faculty of Engineering, Bangkok, Thailand, E-mail: kkveerac@kmitl.ac.th
2Srinakharinwirot University, Faculty of Engineering, Ongkharak, Thailand, E-mail: vuttipon@swu.ac.th

Abstract- This paper addresses the comparison of the
input impedance measurement between the resonance
method and the insertion loss method. The result of the
input impedance from the measurement can be used to
effectively design the EMI filter or to analyze the stability
problem of the system when EMI filter is connected.

. INTRODUCTION

The input impedance of the switched mode power supplies
(SMPS) is essential in its power line electromagnetic
interference (EMI) filter design, and when ignored, the system
may be not mect EMI regulation. To meet EMI regulation, the
EMI filters are one of the most popular applied by industries to
suppress EMI problems. According to, the EMI filter
performance depends not only on itself. But the selections of
the appropriate EMI filter components are also importance to
designs EMI filter. The input impedance characteristic (Z ,, ) of
the SMPS is a key parameter to design the EMI filter
effectively. However, it should be noted that the transfer
function of the system is effected when the EMI filter is
inserted into the system. Therefore, the stability issue may be
occurred.

Figure 1. The input impedance measurement setup of SMPS.

There are many paper is presented the methed to measure
the input impedance of SMPS [I], [2] and [3]. This paper is
focused on the measurement of the input impedance of the
SMPS and comparison between the resonance method and the

insertion loss (IL) method. Two methods to measure the input
impedance use the same equipments: the spectrum analyzer
and the current probe.The input impedance of SMPS
measurement setup is shown in Fig. 1.

Schoeider [1] proposed the resonance method to measure
the input impedance. This method assumes the SMPS is a
Norton circuit with reactive source impedance and employs the
quality factor (Q) to solve the input impedance.

Shih [2] proposed the insertion loss method to address the
input impedance of SMPS and verified the experimental results
by mathmatical expression.

II. THE INPUT IMPEDANCE OF SMPS

The three wires system (line, neutral and ground) can be
separated as common mode and differential mode. The
impedance between the shorted line-neutral terminals and the
ground terminal, is defined as a common mode input
impedance, While the differential mode input impedance is the
impedance between line terminal and neutral terminal. The
common mode input impedance and the differential mode
input impedance diagrams of SMPS are showed in Fig. 2 (2)
and (b), respectively.

Una Line

O—
Nevrel | smps SMPS
Zin Ziy @
o Graund O—NBUW

Figure 2, Definition of input impedance
(a) common mode (b} differential made.

A The Inpz Impedance Measurement Using the Insertion Loss
Method
The input impedance characteristic (Z,, ) of SMPS can be
fined out by insertion loss method. The insertion loss is defined
as a tatio of voltages across R, before and after the filter

clement is inserted. The definition of insertion loss is expressed
in equation (1).
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v without filter
IL = 20 log ( V . with filter
Figs. 3 - 4 show the conducted emission model and
deriving IZ h] by the insertion loss method, respectively.

O

LISN

Za
Rim Vin

Figure 3. The conducted emission model.

SMPS

LISN ... SMES
g..n. Zy, )
R Yl
(@)
LISN SMPS

Zin
2 Vi

{b)

i

Figure 4. Iz iﬂ|l:>y the ingertion loss method.

@z scries

is inserted for common moede input impedance measurement.

M Z oy 18 inserted for differentia! mode input irmpedance measurement.

By the ingertion loss method can be separated for two

cases. In the first case, the Z . is added with the condition
that |Z | Ryqy and |Z .| > [Z ] This assumption
only uses for measuring common mode input impedance.

R.I'.ISN
RLBN + Zh

R.IM
RUSN + Zh + Zurlu

XV,

iL =

XV

Z

Terfes

RLISN-*—ZII

4

Zﬁ
Since |IL] is normally much greater than 1, then

Izurfnl
72|
In the case 2, |Z, | & Ry assuming by added a shunt

12|~ @

component with [Z .| <|Z,|, the insertion loss can be
simplified as follows:
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R
RLISN + Z!n
Ron /1 2

Shuwt XV
R lZp+2, "

xV,
IL =

ahuxnt

Ry 12,
Z

shunt

Zy
V4

ahuxt

Pl

1+

Similar to the first case |Z, | can be approximated by
(3)

B. The Input Impedance Measurement Using the Resonance
Method

Common mode emission is caused by parasitic capacitance
to chassis. The charging and discharging of insulator
capacitance are the culprit for common mode electromagnetic
interference (EMI). Differential mode emission is generated by
diode reverse-recovery phenomena. The resonance of
conducted EMI can be determined the input impedance of
SMPS by assuming that the SMPS is a Norton circuit with
reactive impedance as shown in Fig. 5. First, the Norton
current source can be obtained by shons circuit at the load side.
Second, the resistive and capacitive impedance of SMPS can
be achieved by resonating the load side with added inductor,
and the Q of source may be found at the single frequency. The
Q of the circuit is defined as

|Z 50 | = |2 pume | % |ZL]

shent

SMPS

Current Probe
Added Inductor

0
) T R
T

s

A

Figure 5. The schematic of resonance method,

'II.
= — 4

Y I ()

Where I, is the current when adding the inductor at the load
side,
I, is the short circuit current.

The input resistance of SMPS as shown in equation (5)

R = Qwl )

Then, the input capacitance as shown in equation (6)

ECTI-CON 2007
The 2007 ECTI International Conference

92



= = ().

1. TESTSETUP AND EXPERIMENTAL RESULTS

The device under test (DUT) 250 W power supply, input:
200240 VAC, 3.5 A, output 15 VDC, 3.4 A.

Fig. 6 (a) shows the test setup for common mode input
impedance measurement of SMPS by the insertion loss method
while Fig. 6 (b) shows the test setup for differential mode input
impedance of SMPS by the insertion loss method, respectively
[11.

OO KO

i
" Lo P
= wa 100 KO l
@
1UuF=
0 DEE BMPS
T&n
T o

Figure 6. The test setup of the insertion loss method.
(a) The common mode input impedance measurement.
(b) The differeatial mode input impedance measurement.

) ,."i.‘:,, = Current Prabe
Ac‘“’"_____ Lish T:\“F :: oy SWPS
GM___ awrt |

| 3 Il

(=)

g

—] — T
TR "l

Gm_ 2.7 nF

L Crarerd Proba l

(b}

Figure 7, The setup of the resonance method.
(a) Common mode input impedance measurement,
{b) Differential mode inpat impedance measurement.

To measwre the common mode input impedance of SMPS
by the insertion loss method two the common mode choke
“Z qeries " is added two 50 L resistors are shown as a equivalent
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resistor (R |1qy ) of Line Impedance Stabilization Network

(LISN) are paralleled (25 ). The commen mode input
impedance of SMPS are derived by equation (2).

Similarly, the case of the differential mode input
impedance of SMPS adds the parallel “Z ... " to SMPS. The
Z g i5 the series combination of a 1 Q resistor and 1 pF
capacitor.

Fig. 7. shows the setup of the resonance method. Fig. 7 (2)
shows the common mode setup and Fig. 7 (b) shows the
differential mode setup.

The experimental results of C,and R ; for common mode

and differential mode are shown in Figs. 8-9. In Fig. 8 is the
derivation of resonance method for common mode input
impedance of SMPS (C,and R}, by equations (4)-(6). The
average of R is 46 k2, C o is 0.71 nF.

Fig 9 is the derivation of resonance method for differential

mode input impedance of SMPS (diode “on™) and the average
of R jpyand C p are 320 k€2 and 0.1 nF, respectively.

The R and C j of the differential mode input impedance is

the high source impedance, that is the characteristics of diode
reverse-recovery-generated EMI and the low source impedance
component is more correctly modeled as a series RL circuit, Its
values ranged from 0.5 to 1 pH and 0.5 Q [4]. Fig. [l shows
the correct differential mode input impedance model.

Cammon mode Rp versoa fteqnency

Rusistans {13)

(b)
Figure 8, Common mode input impedance of SMPS by resonance method,

(2) The commen mode parallel resistor (RPCM)ofSMPS.
(b} The common mode parallel cepacitor (Cpm)ofSMPS.
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Differential mode Rp versus Frequency

Resistance (71)
3000000 »

Frequency (Hz)

®)
Figure 9. Differential mode input impedance of SMPS
by resonance method.

(8) The differeatial mode parallel resistor (R pDM yof SMPS
(b) The differentinl mode parallel capacitor (C pbnp ) of SMPS.

H4S

- y -;E;* '_-;I-l:g‘h- ,{ﬁ@

portroriandy,

[-+— ftommmco Mottt ~# - Fercstion Losa hdoitad |

®)
Figure 10. The comparison of the input impedance of SMPS.
(a) The common mode comparison.
(b) The differential mode comparison.

The input- impedance using the resonance method (R ey,

Fig. 10. For the insertion loss method, the attenuation for each
frequency (150 kHz-30 MHz) is measured, then calculating the
Z,, of the SMPS as a dash line shown in Fig. 10 (a). The
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differential mode input impedance comparison between the
resonance method and the insertion loss method is shown in
Fig. 10 (b). The differential mode input impedance of SMPS
has the low value both the resonance method and the insettion
loss method. The input impedance values are in the same
results about 300 kHz-900 kHz and different after 1 MHz. The
common mode input impedance of SMPS has the low value
both the resonance method and the insertion loss method. The
input impedance values are different before 900 kHz and in the
same results about 900 kHz-10 MHz.

D5t ol

2f {line) 10

discharge frequency

Fiéure 8. The correct differential mode input impedance modet

IV. CONCLUSION

The insertion loss method and the resonance method are
verified to be the simple and effective choice to measure the
characteristic of the input impedance of SMPS. The phase of
the input impedance can be found by Hilbert transform [5]. For
the insertion loss method may be found the input impedance as
the voltage source series with input impedance while the
resonance method may be found the input impedance as the
current source paralleled with the input impedance.

The experimental results are in the same trend in some
frequency range of input impedance values, both common
mode and differential mode. The insertion loss method, the
input impedance values are calculated by attenuation of the
EMI of SMPS, which can use these data to calculate the input
impedance of SMPS at all frequency range (150 kHz -
30 MHz).

In the other band, for the resonance method, the input
impedance (R , and C ) is calculated and averaged the values

from 150 kHz-30 MHz. The high source impedance (diode
“off”} can calculate by equations (4) - (6) However, the low
source impedance (diode “on™) as the series RL circuit must
be selected from 0.5 to 1 pH and roughly 0.5 €} that makes the
error of the differential mode input impedance of SMPS.
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The Analysis of Integrated Inductor Technique for Common Mode and Differential Mode

of EMI Filter Design
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Abstract

This paper presents the analysis technique to integrate the
common-mode inductor with the differential-mode inductor. The
volume of proposed integrated inductor is desipned to achieve the
equaled volume of that common mode inductor. There ere three types
of EMI filter besed on winding patterns. Winding technique are the
conventional common-mode choke (CM), inteprated common-inode
choke (ICM) and proposed integrated common-mode choke (PICM).

The electromagnetic interference of these differential-mode
inductor and common-mode inductor are analyzed. The proposed
integrated inductor can be applied to the new EMI filter. The result
can be proved by simulation and experiment.

Keywords: EMI filter, CM, ICM, PICM
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Abstract- This paper proposes the input impedance
measurement technique of a switching moede power
supply (SMPS) by the insertion loss approach. The
insertion loss approach with the assumption condition
is described, The common mode and the differential
mode impedance are the key parameters which can be
used to design the EMI filter effectively.

I. INTRODUCTION

The input impedance of the SMPS is essential
in its power line electromagnetic interference (EMI)
filter design, and when ignored, the system may not
meet EMI regulation. To meet EMI regulation, the
EMI filter is one of the most popular applied by
industries to suppress EMI problems. According to,
the EMI filter performance depends not only on
itself, but the selection of the appropriate EMI filter
components is also importance to designs EMI

filter. The input impedance characteristic (Z,, ) of

the SMPS is a key parameter to design the EMI
filter effectively [1}-[4]. However, it should be
noted that the transfer function of the system is
affected when the EMI filter is inserted into the
system. Therefore, the stability issue may be
occurred. N

The next section describes the input impedance
of the SMPS. The optimized operating condition is
described. The test setup with SMPS as the
equipment under test is presented. The common
mode (CM) and differential mode (DM) impedance
are focused and analyzed. The EMI measuring
experiment shows the effectiveness of the EMI
filter design to confirm the benefit of the predicted

input impedance.

II. THEINPUT IMPEDANCE OF SMPS

The three wires system (line, neutral and ground)
can be separated as common mode and differential
mode operating shown in Figure 1. The impedance
between the path of line-neutral terminals and the
ground terminal is defined as a common mode input
impedance. While the differential mode input

978-1-4244-2101-5/08/$25.00 ©2008 IEEE

impedance is the impedance between line terminal
and neutral terminal. The common mode input
impedance and the differential mode input
impedance diagrams of SMPS are shown in Fig. 2
(a) and (b), respectively.

Lina Line
0—.—-——-——-—-
0—4
SMPS SMPS
Zin—> LY e
O——Mq 0—

Figure 1. Definition of input impedance
(&) common mode (b) differential mode.
The input impedance characteristic (Z;, ) of the

SMPS can be found out by insertion loss approach.
The insertion loss is defined as a ratio of voltages

across R ;¢ before and after the filter element is
inserted. The definition of insertion loss 1s

expressed in equation (1).
Vv . without filter

IL =201 (1)
o ( v _with filter

Figures. 2-3 show the conducted emission
model and deriving |Z . |by the insertion loss

approach, respectively.

LISN SMPS
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| SR Ve
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| I -

...........

(a)
__LISN___ e SMPS__
1 1 1 =
; : Ny B
| : P 2 :
E Rusu E zshunt i Vin E
s z = e
: ! : ;
___________ (b) | IOy

Figure 3. Iz hlt‘ortheinsertionlwsuppmach
(B)Z. 4o 18 imserted for CM imput impedance meastrement.
() Z gy 18 inserted for DM input impedance measurement.
The insertion loss approach can be divided into
two cases. In the first case, Z . is added with the
that |Z.|> and
IZ miml > IZ in' . This assumption uses only for

condition R ron

measuring common mode input impedance as the
following equation.

Rimny
Rosy + 24,
R

load

RLISN + Zin + Zren'a.r

xV,

in

IiL =

xV,

Z.urln

14 —fered
RLISN + Zm

Z seriay

1
+ Zz

~
—

in

Since |IL| is normally much greater than 1,
then

|Z sertes|
L]
The second case, [Z | € Rygy assuming by
added a shunt component with |Z | < |Z |, the
insertion loss can be simplified as follows:

|Z | > @

II- 1050
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RUSN
RLISN + Z in
RLISN / /Z shunt
RUSN "/Zslmnt + Zrn

xV,
IL =

xV,

n

R /1Z,

1+
z

shunt

Z
1+
Z

in

Pl

shunt

It is similar to the first case ]Zml can be
approximated by

|Z | 2 | Z spume | % |IL | 3)

shunt

ITI. TEST SETUP AND EXPERIMENTAL RESULTS

The equipment under test (E.U.T.) is selected as
Cik converter, input: 12.5 VDC, output 25 VDC,
0.5 A )

To measure the common mode input impedance
of SMPS by the insertion loss approach, two
common mode choke “Z ;.. are added with two

50 £ resistors. Equivalent resistors (R g, ) of the

LISN are paralleled The common mode input
impedance of SMPS is derived by equation (2).

For this experiment, three size of inductors use
to calculate the common mode input impedance of
Citk converter. Figure 4 is shown the inductors

o,

Figare 4. The
of EU.T.

It is similar to the case of the differential mode
input impedance of SMPS adds the parallel
“Z gy ” to the SMPS. The Zy ., is the series

combination of a 1 Q resistor and capacitors. The
differential mode input impedance of SMPS is
derived by equation (3).

Three size of -capacitors use to calculate the
differentiai mode input impedance of Cik
converter. Figure 5 1s shown the capacitors

inductors for determine the common mode input impedance



]

e T ey 5%, ©

Figare 5. The capacitors for determine the differential mode input
impedance of EU.T.

'

-The method to measure the input impedance
uses the spectrum analyzer and the current probe.
The input impedance of citk converter measurement
setup is shown in Figure. 6.

TV
< £ - Tl 2] ot
: 3{ 3 J_P,. jc&“'i:.l‘l‘:l
K] = ki
N T |
EMC Anstyrer

Figure 6. Test setup circuit

The impedance of the Z . . is shown in figure
7 (a). Figure 7 (b) shows the impedance and phase
oftheZ ..

S

rm.'- 25
IIF_:"?:‘,‘

®
Figure 7 The impedance measurement from impedance analyzer

(» Theimpedance of Z .,
(b) The impedance of Z 4, .
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The insertion loss of must be known for
calculate the input impedance of cik converter,
Determine the insertion loss from voltage at LISN
before inserted inductor minus voltage at LISN
after inserted inductor for each frequency. The
noise spectrum is shown in figure 8 (a). And
determine the insertion loss from voltage at LISN
before inserted capacitor minus voltage at LISN
after inserted inductor for each frequency. The

noise spectrum is shown in figure 8 (b).

(=)

ﬁ!

W09 e .‘....-.T...T_{—-ru.-w.-m.

ol iy S T

w0 i .

0

L]

55 -

0 - B

E ] oy 2 hr EM G50 Class 8 Corttinn, Averags
» [nserted Capagitor

1 - H 3 A L

G e o e shekea e e — sy .

12732007 S1 R0 AM

(Stwt =013, Step = 10.00) MMz

Figare 8. The noise spectrum for determine the insertion Joss
(a)The common mode noise spectrum of SMPS.
{b)The differential mode noise spectrum, of SMPS

MHz. Similarly,

The input impedance of SMPS can be calculated
by the insertion loss approach from equation 2 and
3. The input impedance of SMPS is shown in figure
8 (a){b). Figure 8 (a) is shown the common mode
input impedance of SMPS from 150 kHz — 30

the differential mode input

impedance of SMPS is shown in figure 8 (b).
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{a)The common mode input impedance of ¢iik converter.

(b)The differential mode input impedance of ¢k converter

The common mode input impedance of clk
converter is shown in 3 lines in figure 9(a). The 500
uH line shows the error calculation because the
inductance of the inserted component is less than
the input impedance of clik converter.

In order to determine the common mode input
impedance of cik converter, the inductance of
inserted component must be greater than the input
impedance. If the inductance of inserted component
less than input impedance, the insertion loss could
not determined. (3)-(5)

i z, | JoL : i- 1|
: - I ‘ PR, MIN 3 7
l Ll
1 f { } : : t {
: v, : l 1 : Z, v 1
! 1_ A\ : H 1 }
Ie. — e mm =t
L1 L_.___j ==~ Nt 1

Figure 9. Insertion loss of common mode circuit

(3)
IL = 20log|l+ Zia.
Z:rml

me=zl+Z2 (4)

z ind >>Z stem (5)

To determine the differential mode input
impedance of citk converter, the capacitance of
inserted component must be less than the input
impedance. If the capacitance of inserted
component greater than input impedance, the
insertion loss could not determined. (6)-(8)

PR .., |

Figure 10, Insertion loss of differential mods circuit
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Z (6)
IL = 20 log|l+—£
ZC
z,= 2,117, Q)
Z,<<Z, (8)

After the input impedanceé of cik converter is
determined, The EMI filter can be designed.[5]

IV. CONCLUSION

The common mode and the differential mode
input impedance of SMPS are the key parameters
whick can be used to design the EMI filter
effectively. The insertion loss method is verified to
be the simple and effective choice to measure the
characteristic of the input impedance of SMPS. The
phase of the input impedance can be found by
Hilbert transform [6].
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