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Noise Spread Spectrum with Adjustable Notch Frequency
in Complex Pulse Coding Controlled DC-DC Converters

Yasunori Kobori*, Nobukazu Tsukiji,

Nobukazu Takai, Haruo Kobayashi (Gunma University)

This paper proposes a novel EMI spread spectrum technology with ajustable notch charactalistics using the

complex pulse coding method for DC-DC switching converters. The notches in the spectrum of the switching

pulses appear at the frequencies obtained from the equation Fn=N{ 1/ (Wy-W_)}, here W is the pulse witdth

or pulse phase. We have experimented the Pulse Width Coding (PWC) controlled converter and got some

notches at the ajuastable frequencis derived from the theoritical equations.
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INFETEESIL, 7hud )4 XFHICX S EMI

L V2 0, LR —F ¢ 7 (Pulse Width
Coding: PWC) il X 2 ®INA 72855 7~ T 4F
WEHTDHART 8T LPEHEI 270 2R L T
. AN E HICEE N AT =T o 7 ERITED
PWPC (Pulse Width and Phase Coding) il / v
FAEBREZRET S, &6 PWC HAUEROEREC
XU, (EEEEETO ) v FREORE Z BT 5.
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NX—Tf L E 7B LT B LOARICHET
5. Z®O SWBrEI O D (e =E, Duty Ratio) (2
LV HJIEE Vo IXZERIE S5,

BBV, BE OV AEEMR (PWM :
Pulse Width Modulation) HIf#lZ &V, HEIEZAEEE
% SAW (5 L b L C PWM E 552455, —77,
EMIJrii 5 NClx, 7 uv 2l &T X5/ A XATHL
FHASHH L C SAW FATRICHE T 5.
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Figure 1 Buck converter with EMI reduction
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Figure 2 Waveform of the buck converter
with EMI reduction
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Figure 3 Spread spectrum w/o EMI reduction
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Figure 4 Spread spectrum with EMI reduction
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Figure 5 Converter with pulse coding control
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Figure 6 Waveform of pulse coding converter
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2.3. PWC HIHIER DY I 2L — g VR
[l 2 = L—% SIMPLIS (2 X v, PWC il &R
DR ERF L. SV R a—F ¢ ZHIETIE
PV ATEHI DA NI a—F 4 T UL ARDFET
5. F7-, PWM i & 572 0 BERRY 72 6l & 72
DI, —ikl ﬂ@%&ﬁ%%@umﬁ?é
%1@/\;v—yay%#k 013 5i7- SW BK
BEFDOARY NTZ LK 72, HIEREY 7ot
ISR PE 2 X 8 IR T,
Vial—var Tk, 7uy 7 BEEE fa=500
kHz, "V AEDZE% AW=1.3 us L L7=. ZDL X
DEGFRE /v TS, BBROfHT LY Fn=770-N
kHz TERIND. 3 :LI/**\‘/EJ UHRERTCIX, HiRfE
HLLWEEKIZ, T REAEL TS, 22045
%&154MHzm/y%ﬁ%$LTméﬁ A=
O 3fEERAEOIFETHY, A L THERTE D,
F7-, EHHI1ER 10=0.25A o J1EEY 7k
Vo=2 mVpp Th v, ARERELENE Jlo=0.125A
DA —N—= /T o F—=va—MIb$nric +
2.5mV TH Y, HHEEDT0.05% & 4312/ EW,

#F1 YIal—Ta EEBEORT A—FE

Table 1 Parameters of the simulation circuit

ANEEE | BHERV, LHE R, L
10.0v 5.0v 0.25A 200uH
Gy 40w 9f | Codinghg1 Codingiliz2
470uF 500kHz 1.8us 0.3us
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Figure 7 Spread spectrum of PWC converter
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Figure 8 Output voltage ripple and step response
of the PWC converter
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3.2. NN RIBa—T 4 7 HROEREHT

PWC HFRiZEBNT/ v FRMEDOSMEE LT, #
IRB 7OV ANENE IR D Z ENMETH D, X9 LB
D27V ARG ST VLY, oy FRHE
ERENTT D, 2O 28 NV ARKE BT & LT
TV xBTS L, ERLVKRKXQEHEDL. 20
BREEEOMIHEIC XV IREREEZ kD D &, K
@z sine B L 72 5.

Flw) = /:)O f(t)e 7dt

o
= [ e_j"’tdtJr/ e It
Jo T

2

1Ly, .
= 5 (sm(wtl) — sin(wtq)

+jcos(wty) — j cos(wtg)) (2)

) . 1 ) wtgfwtl
|F(w)] = w\/llbm( 5 )

= (to — t1)sine (tg ; tlw) (3)

T, AV REEFE W OICE X,
|F(w)|=0 &72bEMtk%ERDD &, kK@D X
N 27V AD TV ANEDZE | (ZBEE 5 JE L
EXOERETEIND. OFD, 7 u v 7 K
RV AMBITIHRAFE T, TV REOE] ORI
X0 o TFEBERETREICHKET DI ENAIRET
H5.

fm=N/W.— W) [NZES&E @

3.3. NNUVARMMa—T 4 v T HFROMHT

WA JEPE R KOV OV AR —E T, 7~V AL
DERIRD 2NNV AEHND VAN —T 1 >
7" (PPC: Pulse Phase Coding) J=\% fEHr3 5.
PWC 57 & RIBRIC LT, B2 DAL O L R %
7=V ML, TOMMEEZ LD ERKG) O
sinc BIM A5, ZORER, /v FEEEITG)IC
AT LD, 279V A0 THEEZE (NAHZE) D 2 fi%)
\RIET D Z 8N onD. £z, 7LV AE WIS HIK
7L/ v FHRHEDRFRND.

If(@)] = 2[r, — | [sine {2[r, -t 3} [sin{w )| (5)

Fn1=N/@Q|72—171]), Fn2=M/W (6)

7272L M, N IZH AR
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3.4. 7WVARIB+HALIE 2 —F 4 ¥ T HRDIRYT

BEa—F 4 v 7 HRO—oL LT, 7L AR &L
FHDO#EEZHAE O TZPWPC A H 5. Z0/MAE
DEIT4BEBYEZONDN, BEFROGHIEICK b LT
FRELTHE 11 O 2V RAEHRELE. ZOHE L
2HEEF VLT, AR 7 — U =28 L Z Offa %t
EERDD ERX(NEHD. 22T, 7ILR 2000
MHOHY 7 v 5.

Z OFULFTIE D7)V AME Z2 35 OV AH 22 12 Bt
L7E-RTHY, LEn- T/ vy FREEEIZRE D
o v RtgmnzE] L [V ANFO 2 f%) 12
B L7 ) v FRABERERETEH I L%
BEWRLTWA., LEER-T, 20250 )/ vF Ak
B —HswEDH2 L1180, KoARPELS TEDIA
W o TR ERAESED ZENTE S,

[f(w) =272+ |sinclt 2* }* | sin{(Wi—Was) w/2}| (7)

Fn1=N/(W; —W3), Fn2 =M/ (2* 7 2) €))

4. BEH=a—F 17 PWPC HFREBR
4.1. PWPC 58 o [B] BAZ Rk

PWPC J5=UER O SIS O DO Z X 10 12,
HIEEOEEZ 2K 11LITRT. ZOHFKTIE, 78
v 7 BRI T—E T, WOV, UL R 2 DA A X
NATIZHR LT 7 b H0ERD L. [FK T
—DO¥RAR7 v v CRo LV, £ SAW 1 55T &
DIEDIEN NV AT ZRAET D, 20 SAW 1155
ZRALCEELZZ 0y 7 CK 234 L, [FEEIC
SAW2 [E 52 X D RO VIV R 2 34T 5.

B, —OOHEEIRIEICK L T2 EOEE VI,
V2 ZHWT, St BV ESETF D 25%0E L CRIE L
R2EFBEIEDLILEHLTED. £, 7WVARE
DOEEEALEXK DX, T4 VHIVEKIZE 500
AFEEDGFE L.

4.2. PWPC #HIIEBHREDOY I = L—3 g VBE

V3al—yallBIFAE T A=FL LT,
F=1.44 MHz, T=700ns, Wy = 160ns, W, = 320ns,
sV A 2 DRIENFEE t=80nsE L7z, Z OS5I
X@lcBWWT AW=21=160 ns & L T
Fn=6.256MHz |ZK/ v F#REIELIHETHD.
V3al—valsEROANY VT AEK 12 12,
HAEEY 7 v LS Z R EZ R 13 1ITRT. K
12 DAY b T LFERICBWT, Fn=6.2 MHz
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Figure 13 Output voltage ripple and step
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Figure 11 Waveform of PWPC converter
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Figure 14 Experimental spread spectrum
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Figure 15 Experimental step response of PWC
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—R— T A= a— ME, AV<+10mV THY
T+ s,

5.2. B PWC Hl#IER D EEHR

PWC #lfllcB1F % /7 v FREEEITG@ TRD
5. __Tb'jjfﬁr Vo 7MEE< 5 e, XKOoEET
2—7 4 DoN 03K ZLIZLY, VR 2D5T
2—7 4 DLb/hE<72b. £Z2C, D=0 & LTX
WA 2% TLI ICEEL TEKTDHZENTED. X
KT SIEIE Vo Wm0 5 &, 7L A1 2L T
H) IZHETHIENTED.

ZoHFRITE D PWC HlEIDOEE T A —H2 %K 3
2, BEAT T AEK 16 1T T. FEART A —

BRI X 2GRN v FJE S, Fno
=1/1.32us =0.76 kHz TH 523, X 17 DA ~T
AFERTIEHEAR, vy FITRONT, 2 - 35D Fn2
=1.48 MHz, Fn3 =2.25 MHz THGRTZ 5. A/ v
FHREEN BN VB II R THY, 5%ICHFT LT
WX 720,

# 3 B PWC il D24 T A —H

Table 3 Parameters of experimental improve converter

Vin Vo To
10V 50V 330 mA/530mA
Period: T Pulse Widthl Pulse Width 2
1.67us 1.32 us 0 us
L C
100« H 610u F
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Figure 16 Spread spectrum of improved converter
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