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EMI Noise Reduction of AC/DC Converter Using
the Secondary Low Pass Filter
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£ 53 olZ nAE =01, Z}7t] Converter(trans, switch)oll thdk RC ZH & & EAS wjws] By Lo]=
HAEFol &2 1 MHzol A 30 MHz X253k t 9] fha= #4171 18l A2k (cut-off frequency) & 253 E&l
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O % 3 AAE &3S W ol 27t Aftehe Ae #2163, EMI Receiver® 5743 A3} 2 dBuV~11 dBuV 7+
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Abstract

In this paper, we measure the Electromagnetic Interference(EMI) noise of AC/DC converters in lighting devices to enable us to
optimize the design of its filters as compared to the conventional filters. Addition of RC filters to the circuit helps in increasing the
noise margin, thereby, reducing the noise generated by high-frequency transformers and switching devices. The characteristics of each
converter are compared after addition of RC filter to the circuit. To reduce the noise generated by the high frequency band, ranging
from 1 MHz to 30 MHz, high frequency transients and switching devices, with a cut off frequency closer to the band, have been
designed. The results are measured using an oscilloscope. A reduction in noise is observed in case of a filter designed using a
combination of R and C with a cut-off frequency of 1 MHz. The EMI Receiver shows that the noise is significantly reduced on addition
of filters and the noise reduction ranges from 2 dBuV to 11 dBuV, respectively.
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2-1 AC/DC Converter 3| 22} -0|= &I

B =79 test sampleZ 220]= AC/DC converter+= switch
type} trans type &2 T FETH 17 13 7+o] switch type
< =2 DC A A8k 722 PWM(Pulse Width
Modulation) ¥4 £3| duty cycles Aloste] DC A&
Z9sts W29 converterol™, 17 29} 2 trans type
2 @53 ERAEH 1 23 T4 AAHE 23
&tof % otk FERE A9 AR F AY ded
O] E{(regulator) & E3 ¥4 9 DC AY¢S EY3l=

converter®] T}
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o i H 1. EMI scanner gH] A E
ix) ZS H T Table 1. Information of EMI scanner.
oy _
. Name EMI scanner Receiver
fou 4 T Maker Erae Tech Rohde & Schwarz
1 i % Model number RCE 40H ESR - 7
T T EM IDI‘M
jom
! ) " . MaxDataldEm
FeedbackClr(ull # T - - :;gﬂ

& 1. Switch type converter CM, DM =°]% A&
Fig. 1. Switch type converter CM, DM noise path.

|DM lewm jom

20 3 EY D

Ell

—‘ 1@ 3. Trans type converter PCB ¥A} o] =
fom b & jou low | om Fig. 3. Trans type converter PCB radiation noise.

s MaxData/dBm

vlcm
lem
L -+ Iy

12 2. Trans type converter CM, DM -o]% =2
Fig. 2. Trans type converter CM, DM noise path.
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Fig. 5. Structure of low pass filter.

M

R=1 [ohm], C=0.15 [uF]2.2 &5 | MHzE A Al
3t A (2)9F ol Alte] 7hgslith

1

fo= 2r - R- C
-1
2+ 1(1.5 - 1077)
=1,061,571[Hz] =~ 1[MHz] )

AukAQl PCB 7] ¥l = resistance, capacitance, inductance
RO RLC FE3 29 S8 0
A
2

G Stk ol 4 ()% 2 Pojuse 54

1
L° " Ic A)

2L 4L? LC )

4L LC ®)

898

glo] —RP2LA vldsle] X0 7 7AdHE=

22 ZF7|7] AHE LA L0[= 5T J|Y

Z2%717] ZAMH gk [Azpah BAF A1fS KNIS +F
A9 3 m SHYOE AAstE St A £ =
ol M= sample] T 7ol HHO]EZ tum tables ©]
&5 thid A A BT F Qe M A ko2
A& £013, antennadt sample®] E0lE 3ol HA 3
A, AYE F9 s o= F40] 7HgEHA 817 ¢
& CISPR25 %734 1 mEAYeE ZA3ch

I8 62 1mS4ES
U5 setupol ™, WAL o] 2 S-S 93] setting 2

FA A

1) Aol 243 Output Wire(DC)S] Zo]+= 1,500 mm:
75 mm7}HA o]t}

Top view (horzontal polarsaton [mensions in millimetres

006 min. & ™

o s s e e verieal
bt 1 = polarisatic

=004 100
250 min

Franl view Sadé visw

O3 6. WAF o= &4 setting 7|5
Fig. 6. Standard of radiation measurement setting.
&4 CISPR 25 Edition 3.0 : 2008



2) HAHOZHE Output Wire(DC)E= 50 mmtS mm
EO|2 o] AT

3) Output wire(DC)= A&l 2] 74204 100 mme

10 mmo|t}.

4) AFAA A A FE ve7EA] €] Fol= 900 mm50
mm®| .

5) el FA2 AIE WA 9] Folo] 100 mmt50
mme] .

6) T gH el QrElvke] oA viE7ER] o] Fol=
250 mme]tt.

7) Sample> Al @A 7HgAkE] oAl 200 mm+10 mm
Holzl 3ol wj x|k

8) otel U=

output wire(DC) -4 14 1,000 mm+10 mm

H 2. WA &4 A

Table 2. Radiation measuring equipment.

Name Maker Model No.
Receiver Rohde ESU 26
LISN Rohde ESH3-76
LISN Rohde ESH3-76
ROD Ant. Rohde HFH2-Z6
Bi Ant. Rohde HK-116
Log Ant. Rohde HL-223
Pre-Amp Rohde SCU-01
Pre-Amp Rohde SCU-18
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899



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 11, Nov. 2019.

Level 50 dBuVim

Level in dBpV/

™ M M M 10M 20 30 50 100M 200 300 500 16
Frequency in Hz

J2 9. =¥ /A A switch type =ol= S A
Fig. 9. Measured noise of normal switch type sample.
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Frequency in Hz

2 10. 28 /B4 $ switch type ‘o2 SH A3
Fig. 10. Measured noise of filter applied switch type sample.
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Fig. 11. Measured noise of normal trans type sample.
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Fig. 12. Measured noise of filter applied trans type sample.
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H 3. Trans, switch type converter ZE] 28 A, % H|w
Table 3. Result comparison of filtered sample and normal

sample.

Peak level: dBuV/m

Fre- Trans type Fre- Switch type

Nl:;l i quency Peak detector quency | Peak detector
band | Before | After band | Before | After

1 1 MHz | 4298 | 3758 | 1 MHz | 48.07 | 47.19

2 | 2MHz | 3846 | 3275 | 2 MHz | 41.77 | 4046

3 | 4MHz | 3229 | 2546 | 5 MHz | 22.65 | 21.54

4 | 48 MHz | 11.88 | 1458 | 16 MHz | 2624 | 15.07

5 | 70 MHz | 801 | 1539 | 41 MHz | 3589 | 29.14

6 |107 MHz| 16.61 | 122 | 87 MHz | 11.11 | 15.76

7 1220 MHz| 1699 | 169 |145 MHz| 1297 | 15.97

8 |690 MHz | 21.47 | 20.76 |490 MHz | 1841 | 18.12

Re- | Decrease 6.83 Decrease 1117}
sult | Increase 7.831 Increase 4651

A3k F& ALAFN7] f8ll 712 LC(Low Pass Filter)
el RLC 33192 228 ¢F RC(Low Pass Filter) 2 H
F7H HE 0 R 71EY FAUG S o] 2 WAHEFo] Y
IO o] FAAAN 3|79 S24FS Fulsl= wo]2
A2E ASAFTE AR o] B4 FAE NS B Y
2o FANAH AA sampled] 2-E3 ZE ] U7
H2E g Zol7) Qo Y A4 F HHE 9
af of2] W] EMI 43 ZE $40] 229 Wiol 9l
ot o8¢t 7t RC ZH A 402 125 5 EMI ¥H
T4 B F7helA A st F9] o BlE Fel i &

ARSI F AJ B8, 1345 FEAE F7F
A&tA] o BE S, 9 b e] 7] H(safety agency)
oA At A= AMAIE 4 87 (leakage require-
ment)ol] e PSS FEZ F Ak

23 A3} switch type, trans type convertero]l Tt o]
A AA EAA E3 A 11 dBuv A7tste
= A, FHNSHAA 71E DataXrt Hef 7
= AT 5 ATk

2212 AGEFHIEHE o] &3 AC/DC W3] EMI ko]2 A7 7%
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