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OUTLINE

* Introduction & Objective



Research Background -

6 Switching converters
i grm®Y  Supply many kinds of voltage by switching power
l i \ 0 A9-BS ‘
Power of switching converter
@ has become large
P <L
) Switching noise has strongly spread
C - In wide frequency range
B \ 4
{ Important to reduce switching noise
by decreasing main spectrum level
EMI

EMI:Electro-Magnetic Interference
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Research Objective

Reduce clock noise by spread spectrum
with shaking clock phase

Trouble
L N . .
~ Noise of clock frequency Is spread

Radio
[ [ g

‘ ¥ NG Some electronic would not like to be

Power [dB]

affected at special frequency noise

Frequency (Hz) _ a

Research Objective Radio receiver

Spread spectrum with both EMI'teduction and
control the diffusion of noise

[1]JEMI: Electro-Magnetic Interference
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Research Summary

Proposed method

Spread spectrum method using pulse coding

g

Design modulation circuit
In order to generate notch frequency automatically

Notch

Frequency (Hz)

[dB]

Power

Achievement

(1)Reduction of EMI generated from clock
(2)Noise removal at specific frequency
(3)Automatic generation of notch frequency
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OUTLINE

« Conventional Switching Converters
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Conventional Switching Converter with Spread Spectrum

~ Spread Spectrum

N
Continuous modulation of periodic clock
—Reduction of EMI concentrating on
\ fundamental frequency Y,
( )
Vin Vout
P— »  Power Stage >
AV Error AMP
out
PWM <]<
[2]
N Generator 4_< :><_ PFM/PPM
. J

Switching Power

[2] PFM: Pulse Frequency Modulation PPM: Pulse Phase Modulation
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Spread Spectrum for EMI Reduction

.' . .
; ? D
! i L | :
:__ 1 Power R :
IT vin 01F  Siage . % |
| vo |
| |
| ! |
PWM Comp.
Vo A
Switching :F SAW \__I_ Vref
Pulse —— T
aw-too
Generator Modulated
. Clock
Analog Noise
Random L —
Pattern > LPF PLL & -
Generator .

Buck converter with modulated clock

Spread spectrum using pseudo analog noise  ~

Reduce EMI noise

¢

% Clock to SAW is modulated b A

shaking
phase using analog noise & PLL |

Original
Clock | | | |
escl
w2 A/
v VeV
PWM

o Timing Chart

[3] PLL: Phase Locked Loop
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Spread spectrum for EMI Reduction

Maximum noise 3.5V ©Simulation conditions
- Input : 12V
._;3.59 | 900kHz Output : 6V
1 l Clock frequency : 200kHz
- l1tomv, : :
om 1| L UTe | LEIRALL L Without EMI reduction
» Noise Is concentrated in basic and

Voltage[V]

harmonic frequencies

2
PWM signal spectrum without EMI reduction

Frequency [MHZz] 1

_ _ With EMI reduction
Maximum noise 2.0V > Peak level of clock frequency

Voltage[V]

- a0 IS reduced a lot
1| = 5:0\,! !900!kHz
RRRE NRRNY ARSI AN . G
| — L 40mV Noise is concentrated
10m pA
| BB S e Bottom levels are increased
| | | | | 11 |
Frequency [MHz] 1 2 Not gOOd

PWM signal spectrum with EMI reduction
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OUTLINE

* Pulse Coding Method in Switching Converter
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Diffuse Noise to Specific Frequency

Problem

Noise diffusing uniformly
(using analog modulation)

Power [dB]

! Notch

Frequency (Hz)

l Using digital modulation

Noise diffuses to specific frequency
‘ Frequency band where
noise does not spread

Notch band created in important frequency band

- EMI Reduction
- Control of diffused noise




Pulse Width Modulation in Switching Converter

IL
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*"Eﬁf-“L i ]
— ] SEL
Tvin 4 DIF = %
Vo /
SW SAW
Pulse SEL No 4
E Vref
= (—: ld_ —————————— T PWM
I oding I —_—
Ll Pulse Pulse-H | |
| | .
L [Seedor|™] Pulse-L | | Input High
] @SEL: High
PWM signal R @MUX select Vy
Ly, | @Generate pulse with
94T CK long width in comparator
3] T
Comparato Geiﬂm — * D H > DO > D L
Dy, =V, /Vin

% manually set Weand W

Input Low

(DSEL: Low
@MUX select 1,
3 Generate pulse
with short width
In comparator



Simulation Result with PWC Control

© Condition

Buck DC-DC converter

Vi, . 10V
Voue - 5V
L:200 uH
C:470 uF
Iout - 0.25A
fer + 500kHz

b WLZO.Z nS

 Wh=1.6 1S

» To=2.0pus

Pulse widths of the coding pulses
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Design clock pulse to determine the notch frequency

PWM signal spectrum using PWC control

1
fn 2N X T IN =1,2,3,:-+,n]
1
=N X = (0.71MHz
1.6us—0.2us
0.71MHz 1.4MHz
0.9V l l
> i ||
: \
c_..E o Ll .’ .Illm “““1 | ||l 1 I T ‘
S
'1‘ H
1000 |I|I "|H| AL { i |
A S bl |
Fregtiency(MHz) 20tz
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OUTLINE

 Automatic PWC Control



Automatic PWC Control

16/37

Set frequency of radio reception

¥

Auto corresponding to Fin
change is necessary

Notch frequency Automatic generate

$

Control of diffused noise

= O

VL

. . Fin
Radio receiver

SAW

Senerator

‘ "'ES'ES"'L i
J— R
T vin D1 . %
A Vo
sSwW Vo
Pulse SEL < !
S Vref
' ———————— —
¥ | '! v
Pulse-H and Pulse-L Selector | 7| Pulse-H | |
n “1] Pulse-L | |,
R —— I
VH
. > |
Automatic SAW __>
PWC Senerator
Controller
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OUTLINE

- Relationship between Clock frequency and Notch frequency
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Relationship with Clock and Notch

F.. - 500kHz

Voltage[V]

0.9V
L

0.71MHz

1.4MHz

l

. ‘l'm

Il‘ ..I'

IOB

II[‘

l

f"I'||

0 02 04
Fregldency(MHz)

200kHertz/div

PWM signal spectrum using PWC control

Better to generate Fn at

middle of Fck
\ 4

F. <F, < 2F4

NF <F,, < (N+ 1)F4

Optimal
Fn — (N + OS)FCk

When N=1

| Optimal

F, = 1.5F
4
F

_n
3 2
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Relationship between Pulse-H and Pusle-L

IL_ﬁ-
I ’“d?ﬁ“L N
T Vin A D1E T % Vo
SW :|: Ao
Pulse ‘ SEL Vref
l"__ ___________ -
: I
L Selector “—| Pulse-H “—I
I .
: “| Pulse-L [
b e e e o o o o o o o
\VH
Automatic IComp>_J
PWC SAW \
(Generato
5 Controller
Fin VL Com
SAW
Senerator

T,
Original j
Clock i
i
Pulse-L "
AT, iy
Pulse-H [t \
Timing Chart
0
T, =D, X T :V—xTck
in
WL —_ TO — Tp

TTL =I/VH—VVL= ZXTp
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OUTLINE

- Direct generation of clock pulse from input frequency
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Generating Tck using Direct Calculation

Generate Tck from Tin using: L
Fin=(N+0.5) - Fy ' B . “

‘ _"_Vin D1 :Z‘ %
T..=(N+0.5) - N=1 D,=0.5 "

1 SW Vo f
WL = TO — Tp :DO X Tck+5 Pulse Si<<

1
WH=T0+Tp_D0XTck'E v | i
_ | selector | 7] Pulse-H | ]
= 2 X Tp L I

I'| Pulse-L | .
L ___ )
: : % VH
Counter | Right shift AI ADD '=
5 1hit . |
saw |
. |_ ( (Generator
Fin L oo L [Rontshi]| | sy
T 1hit Vi Com
T SAW
TCk _ck Senerator|
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Simulation Waveforms of Wy, W; Generation

We set F;,, = 750kHz == Automatic generated F., = 500kHz

Tck compare with VL or Vu

25

Tck=1.99us Tin=1.33us y y y y r y
2 4 e f,/ .r‘/ // /} //
1.2
15 /‘ / /// / / /// / 08 // // // /[ (/}
> WAL VA VI AL VA HA—A—A— A A A
/ = - - = = -
05 4.// A/ / 1// A/ / A 4 4
3 > 0] -l';lLl:
. L/ / / // Pulse-L; W,
Time/mSec1.01 1.01 1.01 1.01 1.02 1 : :
. 2 . ) 0
Simulation‘wavefort of TcK and Tifl r > v 5 = ”
1.6 y yi 7 7 Z
TCk:(N + OS)Tln = 1-5Tin ;i }/, /,, /// /Il /,,
O 7 v
0417 7 7 {/ 7 7
Theoretical formula .
Wi = 1.06us Pulse-H 1h7u
W, = 0.37us .
| | Well é R
Simulation result matched Time/mSecs1.006 1.008 1.01 1.012 1.014 1.016
Wy = 1.67us Simulation waveform of Wy and W,

W; = 0.35us
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OUTLINE

- Simulated Noise Spectrum of PWM Signal
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Simulated Noise Spectrum of PWM Signal Case 1

According to Fin = (N + 0.5)F ¢k
Case 1 : Fin=750kHz, N=1=Fck=500kHz, Wr=1.66us, W.=0.37us
Result: Fn=750 kHz, Fck=500 kHz, Fck < Fn < 2Fck

O Condition K =

Buck DC-DC converter 1004@;
. 10V
out 5V
L:200uH
C:.470uF
Iout - 0.25A

1Fn=| 3MHz

N

750kHz

I
| il ||||AIJ T’ st Bt o bt ol L

i I
I | '|| !l ‘ -
e
O Result Frequency(MHz)
Fn=750kHz Simulated spectrum with EMI reduction
4- Fn=3.0MHz

Voltage[V]
[N

Assume to suppress influence on AM radio in 750kHz
= A notch was generated around 750kHz
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Simulated Noise Spectrum of PWM Signal Case 2

Case 2:Fin=1.25MHz,N=2 = Fck=500kHz,Wn=1.40us,W.=0.60 us
Result:Fn=1.27 MHz, Fck=500 kHz, 2Fck < Fn < 3Fck

© Simulation Result 100!?:1 F”=1'2T‘HZ i v 4 o
o )
Fn=1.27 MHz ol g
4Fn=5.05 MHz S - Hwn .
g ”
* Compare bottom levels 9, =.!Jliti.hl -
4Fn is deeper than Fn MI&J“I." YUV el G T
1: 1 I| | ] i A W :I.:ll.
'- I I:f i i | I i

f:requency'(MHz) E ' ) © vz

© Condition : same | | |
Simulated spectrum with EMI reduction
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Transient Response with F;,, Change in Case 2

© Output stability

:2)

© Condition (N

m N
I
=T 2
N = 10
Ll_./
1L |
s & 8
ey R R
T © ©
Q Q X
SNSINGING
S
EES
™M N
AN N
@
o
=2
nd
N N
= I
= 3
—— 1N
I~
[ I
g =
SO Sy
Tt 1
N
mm
5 o
N N
-
|
S e
S

Settling Time= Ous

Static ripple is about 0.1% of the output voltage 1/,

stable

[Alabeljon

5mV/

2.(/mV

n N>

\/
Z. o1V

Vo

Transient response with Fin change
Response speed is important when tuning or switching communication channels
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Simulated Noise Spectrum of PWM Signal Case 3

Case3 : Fin=1.75MHz, N=3=Fck=500kHz, Wr=1.29us,W.=0.72us
Result: Fn=1.8 MHz, Fck=500 kHz, 3Fck < Fn < 4Fck

|
1 |
© Simulation Result Fn=1-8'MHz AFNn=7.2MHz
1007 ——1 ‘ l
Fn=1.8 MHz - ‘ |
4Fn=7.2 MHz % | l JI "

: |.
‘:,i, 1 Lo m o
* Compare bottom levels °

Almost equal 100u—| ‘ HHIMHMMIJLIMM  Higl ]IHHL.. T T A P

| | L |
0 1 2 3 4 5 6 7 8
eeeeeeeee etz Frequency(MHz)

© Condition : same
Simulated spectrum with EMI reduction



Simulated Noise Spectrum of PWM Signal Case 3 e

* High frequency
harmonics is not clear!

* But it is good for AM
radio receiver.(< 2MHz)

elt needs to generate Notch

at higher than 80MHz (FM)

10m

45
"l A4FN=TTMHz

- !

Fn=78.75MHz | 47Fn=82.25MHz |

46FN=80.5MHz

|

!

48Fn+84MHz

400u

I.L‘lll.lHlllu I

Voltage[V]

Ll e il llli Ly 0 bl

I

N J|| o, il

L T
400n ]

200n

100n

Frequency(MHz) 8 80 82 %4 Abenziin
10 ......-""-..., 4‘;—"“““'V
= E 1 | \. ./
= g . “Ii-h.:..l.ll]. T
S i it L4y
D 40 60 80
Frequency(MHz)20

ZorHertz div
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OUTLINE

 Automatic PWPC Control
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PWPC Method

Complex coding method

PWPC (Pulse width coding + Pulse phase coding) method

PWC

\_

n

PPC Wy Wy w, Wy
<+ O <+—>
PWC
5P e U UL
o F PPC
< >
T
p Ou|W, ou| Wy Condition:
- Expect Wy= 7us
W, = 3us
. f“'\ _______ PWC
~~ Theoretical formula =™\ 30 250k :

: PWPC

fnotchl - (WH _ WL)

Power [dB]
o

n
fnotchz =
notc zltH . tLl y 30
Set fnotchl = fnotchZ . B|g NOtCh 100k 400k 700k

Frequency(Hz)
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Automatic Generation of Notch Frequency with PWPC Control

Automatic pulse generation

I Tck |
THI lf?ﬂs“
A L Ve

— - "
Pulse-Ll_l I——l | 5

! > '
:4—»
B
SW AVo \V, —
SEL — L
Pulse @ Amp
Vref

D1XE -3 ?

ik Pulse-LDi‘T’|—| ; |
Pulse-H '} ' I
Selemrl :L:ISGLLD Design timing in PWPC method
Rl Ve
SAW Com
| Automatic el Wy =To+ Tp = Do X Tck + 0.5Tin
@ PWC S [Com
o Controller penerato Vi W, =To—Tp = Do X Tck —0.5Tin
R SAW Delay e .
penerato] s T=Wy—W.)/2=0.5X%Tin

Pulse coding of PWPC method



Simulation Waveforms of Wy, W; Generation
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We set F;,, = 750kHz == Automatic generated F., = 500kHz

n_ _ n Wy—-W;, Ty
[notch1 = Frnotchz ‘ (Wy-W;) 2|tg—1yl ‘ =T, =1T= 2 = 2
Tck=2us
AW /1 / /1 / /1/ /1 / > e
L/ / 1/ / |/ / 1/ / |/ Pulse-H L65pus
/Lo L/ / / 1 1 = - | C
> A LA LW / / / / 1w |
) VAVA ing ViIRVA / / / /[ [/ Pulse-LI foiae
/ / / / ' ==
/N / / A/ / /l / S —e— —
/1 / /1 / /1 / /1 / / 1/ Pulse-LD— gt W
TimDe/mSeé;m (1).‘62 51'6?2 4113'{5‘2 é’;ffz ;-m;/mslé-csbszw ] ==

Simulation waveform of and delay Tck Simulation waveform of Pulse-H,

Pusle-L and delay Pulse-L
Theoretical formula result Simulation result

Wy = 1.67us Well Wy= 1.66us
W, = 0.33us matched W, = 0.37us
T=0.67us

T=0.70us
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Simulated Noise Spectrum of PWPC Control

According to | Fin = (N + 0.5)F ¢
Fin=750kHz , N=1= Fck=500kHz,Wr=1.67us,W.=0.33 us
Fn=750 kHz, Fck=500 kHz, Fck < Fn < 2Fck

© Condition s

Buck DC-DC converter
) 100r

Vi, - 10V L] ] L
Vout + BV '“
L:200puH
C:470nF — ” U IRl i
oyt - 0.25A

Fi, « 750kHz 2 4 6 8
Frequency(MHZz)

AFN=3.0MHz 8Fn=6.0MHz 12Fn=9.0MHz

Voltage[V]
|_\

Simulated spectrum with EMI reduction

PWPC characteristic: There are many harmonics of 4ANFn
(N=1,23- - )
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OUTLINE

« Conclusion and future work
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Conclusion

« Developed pulse coding control in order to generate
notch characteristics at desired frequency

* Analyze spread spectrum with notch characteristics
« Automatic generate the notch frequency from Fin

\ 4

Using| Fiy, = (N + 0.5)F_ | discussion on direct generation
of notch in N=1,2,3 situation using PWC control

Automatic generating of notch frequency with PWPC control
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Future Work

* Notch generation using PCC(Pulse Cycle Coding)
method

W W
] ] | ]
Ty, Ty

« Extend 4Fn in order to high frequency notch
generation using PWPC method
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Thank you for Listening



