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Abstract

Nowadays, electronics has really flourished with the rapid progressin
science and technology. Besides being light and efficient of the products,
digitalization and faster speed are also required which make the problem of
EMI, electromagnetic interference, become more serious. Newer power
supplies using switching technology become smaller and smaller. However,
they also produce EMI problems that need to be considered. In this thesis, we
only address the conducted EMI.

Generally, the noise is suppressed by adding afilter at the power-line end.
Hence, the EMI filter plays an important role to the solution of conducted
emission. Theparticular filter isrelated to the type of the conducted emission,
including common-mode and differential-mode. As aresult, it isagreat help
for an engineer to be able to separate the noise. There are severa noise
separatorsin the present days. We propose new separators, which are capable
of detect common-mode and differential -mode separately. Our separators are
low-cost, easily manufactured and are able to give exact noise readings without
adjustment.

Incorporating the known methods of filter design and combing
programming measurement the filter design can be made automatic. One
approach makes use of the spectrum analyzer, which is considered to be a
relatively expensive instrument. We also propose another approach using
oscilloscope. Thetime-domain measurement is performed and transformed
into frequency domain using FFT. A redlistic design example is shown to
give satisfactory results.



......................................................................................... i
......................................................................................... v
.................................................................................................. v
......................................................................................... Vi
..................................................................................... 1
1oL e ——————————————————— 1
Lo e ———————————————— 1
EMI 2
2-1 EM I ———————— 2
2-2 EMI 5
2-3LISN e 6
2-4 EMI 8
.................................................................... 12
e ————————————————— 12
e ————————————————— s 14
3-3
(adevicefor adding and subtracting phase and neutral ) .................. 16
......................................................... 17
A-1 e ———————————————————— 17
A-2 ——————————————— e 20
................................................. 23
5-1  ————————————— 23
5-2 s s 27



5-3

6-1

7-1
7-2

Vi



FCC 2

FCC e 3
VDE e 3
VDE s 3
CISPR22 e 4
CISPR22 e 4
............................................................. 5

LISN e e 6
LISN e e 6
B LISN e 7
D LISN e 7
LISN oo s es e 8
............................................................................... 9

C T 9
O T 9
.......................................................................... 10
.............................................................. 10
.............................................................. 11



viii



CMNDC
@ CMNDC
(b) CMNDC
CMNDC

DMNDC

@
(b)

@
(b)



oY 34

() N 34
I G > N 35
O TG T.(c: ) N 35
........................................................... 36
....................................................... 36

€ T 37
() N 37
€ T 38
() N 38
............................................................................. 39



1-1

1-2

[2,8-9]

EMI

(EMC)

(EMI)
EMI
EMI
EMI [1,2]
[2-6]
[7]



EMI

2-1 EMI

EMC  Electromagnetic
compatibility

(EMI electromagnetic interference)
(EMS electromagnetic susceptibility)

(CE, conducted emission) (RE,

radiation emission) (CE)

30MHz
(RE)
30MHz 1GHz
FCC(Federa
Communications Commission) EMI 450kHz

30MHz VDE(Verbomal Deustscher

Elektrotechniked) 10kHz~30MHz
EMI CISPR (CISPR, Comite

International Special des Perturbations Radioelectrique)
150kHz~30MHz

CLASSA CLASSB
MHz Limit (dBuv ) Limit (dBuv )
0.45~1.705 60 48
1.705~30 69.5 48

FCC



Voltage (dBmV)

A
BN | CLASS A
60dBnV
CLASS B
48dBnV L
L L » f
450kHz 1.705MHz 30MHz
FCC
QP AVG
MHz limit (dBpv ) limit (dBpv )
0.009~0.05 110 100
0.05~0.15 90-80 80-70
0.15~0.5 66-56 56-46
0.5-5 56 46
5~30 60 50
VDE
QP
|
AV G
| | | | | > f
0.009 0.15 0.5 5 30 iz

0.05
VDE




CLASSA CLASSB
MHz QP(dBuv) | AV (dBuv) | QP(dBwv) | AV (dBuv)
0.15~0.5 79 66 66-56 56-46
0.5~5 73 60 56 46
5~30 73 60 60 50
CISPR22
Voltage (dBmV)
66dBnV A
60dBMV \ CIlSPR 22 (QP)
56dBmv
50dBnv \ CIl SPR 22 (ANV———
46dBnV |
1 | p f

150kHz

500kHz
CISPR 22

5MHz

30MHz



2-2 EMI

( LISN, Line
Impedance Stabilization Network )
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2-3 LISN

LISN EMI
50W
110V
LISN
50Hz 60Hz
a 10kHz
1pF Ground
0.1pF LISN b
LISN 1kW 0.1pF
50W
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r---—-————"~—~—"""F"""™"""™"""™>"""™""™""~>"™"”/=""™""™""™""™"™+— i
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: 50mH R
|
i Y YY) I r
| P
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! -~
|
| 0.4mF L ijFl | EUT
Ikl o2 ImF ' |
| N SEETTY) S S STV
| Ve Z50W ? V,, >50W l
! 9 | Ground
e |
LISN
Z 60Hz ZlSOkHz Z450kHz Z3OkHz
S0pH 3mO 47.1W 141.3W 9420W
0.1uF 26.53kO 10.6W 3.54W 0.053wW
1pF 2.654kO 1.06W 0.354W 0.0053W
LISN



Phase [ \
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|
a|
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I

Phase [ \

50W
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EUT
L o
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b
a LISN b LISN

LISN  The Electro-Mechanics Company
EMCO Model 3825/2 25A50W 50/ 25C0uF 10k~100MHz
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2-4

2-4-1

EMI
LISN
phase neutral sow
(2-1) (2-2)
/=1, 50W
VvV, =1, 50w
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(2-3) (2-9)
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- 1 -~ _
ICM =E( P +1 N)
- 1 -~ _
IDM =E(IP_ IN)
LISN
=== ———— - ——————————— |
I X ) |
: R - lc : Phase
| ' -—
! ] l N
! 2 ! Neutral
|+ I e
3 o . —t— | EUT
| |
! A §50W |
I >
| - |
I - > : Ground
! |
! - |
b

(21)

(2-2)

(2-3)

(2-4)

(2-5)

(2-6)



(choke)
X v EMI
Y
X
(a)(b)
EMI
o . Phase
$ rYVY YN )
CDL;L ( MZ ‘L Cor
T Netra
® A_AN l
L
TCa TCa Cer Cer
T T Ground
L+M
YV L,N
CCL ™ —— CCR
G
(a)
L-M
Y'Y LN
CDL;; 72Ca Cr — Cor
G
(b)



2-4-2

LA
N
%—v LOAD
®

L/
9
IC
1€
O
[ ]
TLAAAS

RO

A B S0W LISN
(ON)
(OFF) 100mF
lsw D,
D,ON D, D,OFF ESL ESR

(LISN)

é »1Imw| L »100pF
A
ESL

A]
PAl

10



(LISN)
D, D,ON D, D,OFF

% »1lmW L
» 100 pF %

Ayl
1

50w § 50

| £

L »100pF §»1mw J

C

=]

1



EMI

3-1
(DMRN, differential mode rejection network )[2,3]

50dB
0.1%
B LISN (3-3)
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i AVAYAY,
16.7W
50w
ouT
/ 16.7W :i
B 16.7W
;ﬁ NV
50w
70.1%
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DMRN
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6dB
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3-2 (power combiner) (4

0° 180°
0° DMR (differential mode
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(3-7)
P=P+P=2P
(3-8)
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3-3
(adevicefor adding and subtracting phase and neutral )
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4-1
(CMNDC, common mode noise diagnostic circuit)
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4-2

(DMNDC, differential mode noise diagnostic circuit)
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[2,8]

@ chy) < Z,
w(Le +3Lp) > 25W (b) L mH~
mH Z,
(reciprocity theorem) (c)
LC 40dB/dec
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53 e

531 (9

(5-7) (DFT, discrete fourier transform)

N-1
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T 1
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