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A study on the Conducted Noise Reduction in Random PWM

Dong—Hyo Jeong
Incheon City Collcge

Abstract - The switching-mode power converter has
been widely used because of its features of high
efficiency and small weight and size. These features

are brought by the ON-OFF operation of
semiconductor switching devices. However, this
switching  operation causes the surge and

EMI(Electromagnetic Interference) which deteriorate
the reliability of the converter themselves and entire
electronic systems. This problem on the surge and
noise is one of the most serious difficulties in
AC-to-DC converter.

Random Pulse Width Modulation (RPWM) is
performed by adding a random perturbation to
switching instant while output-voltage regulation of
converter is performed. RPWM method for reducing
conducted EMI in single switch three phase
discontinuous conduction mode boost converter is
presented.

The more white noise is injected, the more
conducted EMI is reduced. But output-voltage is not
sufficiently regulated. This is the reason why carrier
frequency selection topology is proposed.

In the case of carrier frequency selection,
output-voltage of steady state and transient state is
fully regulated.

A RPWM control method was proposed in order to
smooth the switching noise spectrum and reduce it's
level. Experimental results are verified by converter
operating at 300V/1KW with 5% ~30% white noise
input.

Spectrum analysis is performed on the Phase current
and the CM noise voltage. The former is measured
with Current Probe and the latter is achieved with
LISN, which are connected to the spectrum analyzer
respectively.

1.4 £
A7, A o] &go] FuEHEA Hatst s

o Wig @Al Bolxly] AlFsidth. ALl 74
F34 A8 (Radio Frequency Interference ; RF

Dtz stgov 2a ud olFReHeE | 9ul9
Az A8, 609U RE = st AlAadlo] £ Fd
A Bolee AAAT ug EAHoz Axs ©Z
(Electro-magnetic Susceptibility : EMS), ol &
shuel Alxa®lo] Zte ARAZA WA F A g L
A B5doz AAE FPA (Electromagnetic
Compatibility : EMC)el& £o0j7} Al&-Ho] $=
¥ dde AAm ZFH AAE EMC7F Azm F
8] (Electro magnetic Interference ; EMI)$} EM
SE X% Aoz FHHD Yo}, = EMI= 3}
e Alxde o3 WA= AR E Al
do] F&o ux e A eI, (1](2).

EMIZA 7} A& olf& 10Wee obF 3 A
FIE & Aladed G&L nA7d 22T AA
7t G ol o]RAE Atk AL o
S g dolth. wetA o LA AU S W FF
o AEYE S AFTsE Aol EMC Alojrlee 4
olt},

712 PWM A4AX9 AAFH ddL& 294 F3
F7t Z71Ed ol 293 &4 2 gRd AR/AS
o W3 (di/dt, dv/d) o &3t F4F ZA FFEC. A
A Bajzt FAPE W AEHN FL AYHNE F39
Az ez olFsle FSUE AEA =olZ(Conduct
ed Noise)e} &z, A& wel A=A FSHol Az}
= 2 FAAAFTO o8 R332y 2 g AN E B
AHd & gled o8 WA xo]lZ(Radiated Noise)
g gt} AxA xo]z2= CM (Common Mode) 9|
=29 DM(Differential Mode) x°]ZE FEEHA X
CM xolze Adaidd FAHZY Az B3}
E kolzo|y, DM xolZE MU AR
WA ol =0 th(3],

2. MXrat Fol

o=@ AY)AY AeolW F88 WL A Y
fo) MHE FE 743 AT AR BT ko=
£ 2 38 FH40 flou A xo|z2dn A
& ARl Fasel AYsE Aol Rl R
FHAQ Aol BY}.

g Azy Aol Aese $av Bae) 9393,

- 154 -



Ao EUAA molzeln e A¥E ooz A4
Aol Faio] iz AL HEY uols Fosta]o}
gl ofs} ZE WA E AxRAE (EMI Electro Ma
gnetic Interference )2t ¥ 2t} AAe A
o] EMId Wi zZtE FAZ AAlE ok & EMI
TA e A7 7 "EebhE R dste] xol=
foz 24 ety d=Fgs veidian Jd. e
SE2 o AAVAL "depitrg R BERE|Q] wolRd
Ad £ gty FAZ FoaT. olRE xol=
A (Noise Immunity)°lgk v}, mets Hzp7i7i7r 3
& ARpute] 4BL WX Ym HHoR FAE Y
EolE Aol BRFHA HAUG. ko= WA B A
He AR 77 BE AgeiAY, e AEE A%
3he AAE Fed s ok Az BAAE 3 3l
A, & 8% HskA ¥ AxE Bog
2%oNA e WA EMIS 24 9o st =3z,
Axxolze] CM¥ DM R2=& d%9sn, 1 9§
EMIol W3k NA 5 FAFZE 2 @%o) vty
Z1Egch, vtAR o2 AR xolze Hbgye o
& AFect.

tlo

I

3 A2E 7Y H 4

W‘
i
g
S‘
tlo
M
L
|

AR EA KA A DL 29
BV AR E =, olE Ad AAA
3-13 2ok AA Azge 444
H, %48 998, 34 dele= ARV, s¢E
IGBT42, &/ tole=, ¥E8 7isiAHzE FAH

% D,

o] sEA g@o. 18 3-2% @ 29F FUldAe
7y e AR A¥E dehlie AFHoE 4709 RE
2 e 5] 6).

MODE1 IMODER ‘MOBES MODEA4!

Ton ‘ Toer

sSw

g 3-2> 8 A9Y F7| Sote] 7 oY YMR BY

3.2 RPWM 2913 7Y

AC-DCZHE ] glojA dwtreos ZHAUYL F &
X9 -o= Fr|E WHAHoRA A", 1¥
3-394 B A ol PWMAYle AAAHAME
AvEe -2 F77F AR -3 Y-229
oz AR AR WA 1AL HEY
294 719k 2A Ao 4R PWMY 294 =

!

oz xuEY A% 4R FU2 BAH 53
Zoe & 294 Fase We2A AFHA 8o
adee 24 340049 Fol 9% wo=E AA

Haol wolzeo HAAZ A
A @k ol e AWElS] EEALE Ao
wA 293 L @Y (Random)83ogn dojd = 3l

o 294 xolze BET afAd st EPF
b 293 Pk wjgd HEFHA oA Hol dwt
2ol PWMHHRTH dxelz #H¥ol H4stA Eot
(13].

Tum-on
Tum-off /f\\
Lodb [\ R
L fequency
tegular switching Switching
interval frequency

{a) {b)

(IR 3-3> PWM 2913501 Dy AHMEY
(a) I8 (b) AHEH



traquency
Time
——
—
kraguiar switching
tnterval
(@) (o)

<Ag! 3-4> RPWM A9i¥4%0|= iy AMEH
(a) W8 (b) 2AMER
3.3 Zt&(Carson)o| tX|

2o WHd o8 Frssl WzE As
€ ¥/ §4& 7R

e 2

rfr

(1) 4z7 Fos Azdb3s 5 Fe 93T 24
gow oAe Zze 2Z%(harmonic) 7]
AFe & % 2t

(2) F3h7t 7 nzvts 93% 9

N mE v el @

=z

Fotsel Foz o

a8 3-53 gol HZAFI E42 NF7l 71F Fs
$8 71Fo2 AV7} FAHY oAXs AR, 18
22 2493 RE AYBIME 294 FoF(EEAF)
E 34 st Axiolze =77t FeolAm o4t 7}

- Fal= o
AAe A3 d& F Ut
1
p=0 |
To
J(Q)=0.78
fmJ(1)-D.43
B=1 clo—-l 3(2)=0.11
fe—2fm fc—ftmfc fec+ftm fc+2fm
0.57
— 0.22 0.36
p=2 M | l A I [Coys oo
fo
0.370'470 a7
P T N i wll M B WSS,
fe
; 0.a3 0.38
= olis i 0,38
B=S o b 1 4 15 1 %% epsope
To
0.28 .23 0 .23
=10 . 4°i R R
PR b s lfl°|° op+ | °proPE
S
=1 .
° ?. e 1. 1 _° °%f0029%0,110,4%F 004
To

.18 0.1 0.1 0.18
1 P L 150.98°,"%0,08 0,12 78 059
fe

<A@ 3-5> pofl W2 OjMEE= MSANEY

HA RPWM Alo71Yde FdE YsiMe &8 AU
F83] Aojsojol g3 3 AWE HoMe AHEH
de9 57 U2 E kolz FAFPFEL BASA
Tolotgtch, WP-AAA)E I 3-63 o] WY
A& (White Noise)TA7IZHEH xolz2E AZ&KEC=
(Sample &hold)¥9] 71&9 3 PWME AA 317
A% MNEALH FAAG. ASYP PNz wa
wrEwtel Aar]erist wzEy, vidde] waxe g

A4 ARHA FANNG. W2E BEHE A7 ZPH
29 AolAss W@l PWM AT E TYAA A
ug2A 2958 Aois Bk,

Peak
Detector

PWM
Comparator

8

CONTI

<@ 3-6> RPWM FHE

13 3-7%¢ Noise Generatordld 23 H & xolZ%
ad e was Faeirle Aze dedd
A
VNO/SE
Vieers
t
(a)
v 4 AT = HVposse
v, / -1
- conT - - ] !
Vi ) ’;(/// |
P - P -
[} . i
.

(o)

<@l 3-7> RPWM Zt&t METHY
(a)QIeidg (b)uksH WAool &Sxiel

a3 3-7oA whdmt A7) 4YPAL viE 71EA
g Vi@ AE & EFodE BHNS S Viese E 2
4
Vi= Veent Viosse (3-1)
V, & 293 F71(Tg= RC YoM wWasiop 3ni,
21Ee PWMEtET E8ske 4 (3-2)9% 29
Vo= RLC Veen t (3-2)

RPWMutEs 23442 4 (3-3)7 #o.
Vo= —R}_C ( Veemt Viorse)t (3-3)

wolz WAvlel og Frle Wate 4 (3-4)% F

ATs= f( Vorse) (3-4)
4 (3-4)AM & F AR xol= Mo 23 =9

A FA AsRe ¢ 4 ik ol We RHEd =

olz WA=z MELE=IRE FUISIEE HE
2 W3 glo] xolzE ARNIIE &AFAE E& F A

- 156 -



pir}

o EF P
RPWMA ) & 3}
.

3% 3-80M sdREe
wol 28 Axsty] Asl HrAg Fgolrt.

stel BaXst dFdne degert
7 AT AzE Frke) A% A

rlo
)
rh
Lo
=
T
>

>‘

\':ﬂ_,_‘
2
A,
ht

N
i
H

<td RPWMZIRel ojgh 9 A9
HE dds] A 23A4e 300(V), 1

dHHAE AC 100(V), APNZE 5%
oA 30%7tA WA TN 293 wolzg CM ko]
Z AdY AE gAsict. & 4-12 AN A S
g setelEoln

< 4-1> A|2H® m2iojE]

Herol e 27 g
4y A 34 AC 100[V]
A el 1 ]
DC link A4t 300 [V]
$3He g 50 [uH]
ANE 2293 FA5 10 (i)
AW 29 A AE 4700 [f]

3% 4-1914 39 4-3% 29% w0z AFHEe
= ANz FYFo] BolAFE xo|Z2 AHEH0]
gwtstm o] AAHUT. A4 AN 2493 =
o|ZAFE ZFH3rl st Tektronix A6303
Current ProbeE AHE-3t. CM xol= ALE &
RBst7] AaAMe 34 dHEEde LISNS d94dsin
DMRNE &3t 2 e X472 FA39.
a8 4-42 PWMEY &9 Atwdo|m, ¥
4-5944 1Y 4-6& RPWMWY 28 Agsgoz
PENS FlaFe] FopAFE AN 234
a7 UdehgS & § Uk 53] 2% 4-Tel4 Ee
upel o] Ze o5 WHNZT FUFANE EHAY
o] FZol th2A Jebwo
3% 4-8% £5 RPWMAlole @Xd& B gslr] $1§
whEnt MY E8AG APgo2AM e =AY o
7RSS & FFte 2HE A

<8l 4-1> PWMA| 298 LLOo|=xXF
(Current : 5mA/div, Frequency Range : 10{k] ~ 60[ki])

(Current :

<adg 4-2> RPWMA| 2913l L0|=ZTR
5mA/div, Frequency Range : 10[k:z] ~ 60[«t], %
HAlE 5% )

{Current :

<1gl 4-3> RPWMA| A%{3 L0|=HF

5mA/div, Frequency Range : 10[ki] ~ 60[it], ¥
HME 30% F2D)

<@ 4-4> PWMA| &B{xig}
(Voltage : 100V/div, Time : 50ms/div)

(Voltage :

- 157 -

<18 4-5> RPWMA] &&8gt
100V/div, Time : 50ms/div, HEME 5%F8l)



P

<28 4-6> RPWMA] &%}
(Voltage : 100V/div, Time : 50ms/div, MHHME 30%32))

<O8 4-7> RPWMA| = MEfollAM &2{Z1210| MOEIX] Y= HL
(Voltage : 100V/div, Time : 50ms/div, MHAIE 30%Z29))

T I R

/.

<R 4-8> BiEm MES(2 HE{xig)
(Voltage : 100V/div, Time : 50ms/div, 2EAE30%32])

5.2 E

B =RdAME JE&gde dd ~9x 34
HElo] RPWM A2 E Fr1goan ~93
AF 92 AURE xo)2AUYS ALY & AU
Atstdtt, HBE B39 @Y 29x 3% 543
HE A PWMAAAZIHIZ RPWM 2937 H S
43S W] Axxolz HYFL vlpstg oy, o
7 Ze s A,

(1) A=Exolz2 AL 9% RPWMAICZZE TH3}
o 9d 29% 34 s¢¥  AsHd B gagch
RPWM Aol 328+ ROMO ARAH AP 252
AE & F=3to Ayl F7iE HEINZE B3
wrEate} 7127 (A9A Fag)7 AAte s HEkslc
5 AdAs9.

(2) 2913 Fo59 dgst AZS-S(FAINET F4
Fo] Z AL) Axxolzr 2HEHO] gutsladm =
717 AHR oY 28AGe AAAHAA EHAY
a7 el a82g 2YAY 329 Axxo) =

of¥

&4

ot

o]
Y

oy rr

—_—

do 2 AL o (N PR

A3E n @ AAV e7Eo

(3) AC-DCAMEAM F Aol He AL
RPWMAIYl 71& H&slAE W A=ZHdA 7&E
2yAge FFoHA Edte A7 ALY, olE
M7l Hste] widnt AHE2E Atetd 29
o #FEAHS RS, 2 S4E 43z Y3
.

FF ARAA Axwolz AL fsto APAUs 2
A71p AR Ao HAHZIE FYFH R & Rl
o agn 293 Foe] A9 £¥AY¢ 33
o #A A d77t Bod Ao Alzdr.

=

#dAte 2
AHAAZUE wll A4 24l

{1] Philip F. Okyere, ‘Computer aided analysis and
reduction of conducted EMI in Switched-Mode
Power Supply,” IEEE PESC’98, Vol.1, Mayl17-22,
pp. 924-928, 1998.

[2]Richard Redl. ‘Power electr®nics and = electro

magnetic compatibility,” IEEE PESC’98, Vol. 1,

pp. 5~21, 1998.

o]A# £4%, PWM UAWH-FE=HZFY] FEA2H9

AZxolz o #Y A7, 99dx A AYAA

et =23, AYHAAES, pp.367~372, 1999.

(4]A. R. Prasad and P.D.Ziogas, ‘An active power fac
tor correction technique for three-phase diode rect
ifiers," IEEE Trans. on PE, Vol.6, No.l, pp.83-92,
Jan., 1991.

(5] Mohammad Sedighy and Francis P. Dawson,
‘Single-Switch Three-Phase Power Factor Correcti
on,” in IPEC’95, pp.293-297, '1995.

[6]F.Lin and D.Y.Chen ‘Reduction of power supply
EMI emission by switching frequency modulation,’
IEEE Trans., on PE, Vol.9, No.l, pp.83~92, Jan.,
1991.

(3

- 158 -



