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OUTLINE

 Introduction & Objective

Conventional Switching Converter

Pulse Coding Method in Switching Converter

. 1
Full Automatic PWC bontrol

Conversion Voltage Ratio Analysis

Conclusion and future work

[1] PWC : Pulse Width Coding
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OUTLINE

 Introduction & Objective
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Research Background

Electronic circuits
High density and complication

3 \ ¢
Probler?
Large EMI‘hoise

\

Focus
EMI reduction = spread noise spectrum

\

Task
Clock modulation = diffusion clock noise

[2] EMI: Electro-Magnetic Interference
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Research Objective

Previous Method
Spread spectrum = shaking clock phase

Frequency (Hz)

\
Problem
F., noise spread = Receive frequency
¥ )

Research Objective Radio receiver

Spread spectrum :
= EMI reduction & Noise diffusion

@

Further more
Noise suppression near receive frequency




Research Summary

Proposed method
Pulse coding method

<

Design modulation circuit
= generate notch frequency automatically

Power [dB]

Achievement

Notch
| "\I/\Chara.

(1) EMI reduction
(2) Noise removal
(3) Automatic generation of F,,;cp,
(4) Conversion voltage ratio analysis

uency (Hz)

6/32




7132

Research Application

Information equipment switching power supply
feature
(D Receiving weak radio waves

(2> Noise near receive frequency
= automatically removed

3 Receive frequency change

= Notch frequency automaticamge
. J

[Channel 1] [Channelz

Frequency (Hz) Frequency (Hz)

Power [dB]
Power [dB]
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OUTLINE

« Conventional Switching Converter
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Spread Spectrum Using Pseudo Analog Noise

__________________________ |
e |
i y ) :
i 3 Power ) R :
" Vin DIEX  Stage = [ 2|
Vo |
|
|
PWM Comp.
AVo A
Switching + SAW\ | Vres
Pulse ——— v
aw-100
Generator Modulated
_ Clock
Analog Noise
Random L Clock :
Pattern —»| LPF PLL <= Ggﬁ |
Generator ' :
Buck converter with modulated clock

Reduce EMI noise

modulation clock to control SAW

‘ [3]

shaking phase using analog noise & PLL

Original
Clock

Modulated -I i I -I
Clock

a7 v4ves

w Ve

PWM

Timing Chart
[3] PLL: Phase Locked Loop




Voltage[V]
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Spread Spectrum for EMI Reduction

Maximum noise 3.5V

g——

__” 3.5V 900kHz

=

LOnﬂV 1all

...........

=
o
3

©Simulation conditions
Input : 12V
Output : 6V
Clock frequency : 200kHz

Without EMI reduction

» Noise=basic and harmonic frequencies

Frequency [MHZ] 1 2 » Bottom level: 1mV
PWM signal spectrum without EMI reduction

Maximum noise 2.0V

With EMI reduction

]> Peak level = reduced a lot

g— |
—Hov | 900|kHz (
1 [ESEE Eaa i EEE Bottom up
! 40mV -
) A I T
Om
I Ll _
AL AL L LN g |
Frequency [MHz] 1 2

PWM signal spectrum with EMI reduction

Noise : concentrated by diffusion

2z g No good

» Bottom level : 10mV
around the received frequency
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OUTLINE

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

.. . Frequency (Hz)
l Digital modulation

Received
Noise spread to specific frequency (discrete) _ | W !I\Iotch

Problem

Noise diffusing uniformly
(analog modulation)

Power [dB]

Power [dB]

Frequency band where
noise does not spread

Frequency (Hz)

Notch band created in important frequency band

- EMI Reduction
- Control of diffused noise
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Pulse Width Coding in Switching Converter

IL

g ) ] B
L
| v < SEL
T vin 4 [ =z %
Vo
PWM Vo
SEL '
) R R N : Vref
| [4 I _I-
| Coding |
: L Pulse || Wh I
S | t <+ | .
L [Seeder™] WL | SEL High SEL Low
_— D MUX selectVy (1) MUX select V;,
. omparator
PWM signal Output (@ Generate pulse (2 Generate pulse
MUXSFL Signal_— | with wide width with narrow width
J__l. T CK In comparator In comparator
o= 4
SAW !
ComparatoN | g.rerator

[4] Wy : Wide width of PWM signal (High duty ratio)
W, . Narrow width of PWM signal (Low duty ratio)
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Simulation Condition

Vout Y\ O Condition

T
>S— Buck DC-DC converter

Vi, : 10V
V. . 5.0V
L : 200 pH

SEL Si I .
e o C: 470 uF

/ o= 1 fur : 500kHZ
=T k
FFT test point BAW e MC/H; 1.61s

Vin P

|
|
H|

Generator
J W, : 0.2us

SEL

LA DA PIOER L 74l

Frequency

Spectrum of PWC signal

Power




Simulation Result with PWC Control
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Design clock pulse to determine the notch frequency E,

— W =0.2 pus

« WH:]..@ nSs

» To=2.0pus

Pulse widths of the coding pulses

% manually set Weand W
(without feedback)

1

Fn = X Wa—W1) [N — 1’2,3, ’n]
1
= = (0.71MHz
1.6us—0.2us
0.71MHz 1.4MHz
0. 9V l l
= i ||
H r \
c_..E o Ll .Illm “““1 | ||l 1 I T ‘
=
'1‘ H
100 |I|I "|H| AL { i i
L 1 |
Pregtiency(MHz) 20erald

PWM signal spectrum using PWC control
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OUTLINE

 Full Automatic PWC Control



Automatic PWC Controller
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Objective

]

Reduction generate noise of [ vin

receive frequency F;,

\ 4

Method
PWC control

generate notch at
receive frequency F;,

&1 e

DI

sSwW
Pulse

Automatic generate
Wy and W,

Automatic

Controller

Seneratorn

VL

Com

SAW

Senerator




PWC Pulse with Clock Frequency F,., and Notch Frequency E,
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P Tck
The relationship between F,, and F T,
‘ Original j
Clock |
NF,, < E, < (N + 1)F, i
- wli
Optimal Wi, f i . ¥
E, = (N + 0.5)F, i, ko WL
n ( ) ck W, WH;= —Fl i
The relationship between F,, and PWC Timing Chart
F, = N X —
n- (WH_WL) V
0]
WhenNzll To:DoXTck:V__XTck
~ n
w,=T,—T,
WH and WL WH — TO + Tp
l T‘n:WH_WL:ZXTp

Generated at the center of
the original clock



Automatic Pulse Generation

Generate T, from T;, using

Fin:(N'l'O.S) - FCk v iin . J
‘ T vin T D1 == %
Tck:(N+O.5) - vo
— 1 '
WL—To_Tp _DOXTck_E SW No A,
. 1 Pulse S_EL '
Wy =T, + Tp =Dy X Teg + 5 E Vref
_______ ;L
= 2XT r ! !
E : : _| Selector + Wy N
D,=0.5 N=1 situation " |
I —
I . - 2
: Counter Right shift r ADD v h
| é | 1hit )
I (
I .
I Fin 1 ADD Right shift SUB Vi
I 1bit T, Com
| Tck 7 SAW
| } = [5enerator
|1
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h——————————J
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Simulation Waveforms of Wy, W; Generation

F;, = 750kHz =) Automatic generated F., = 500kHz

T, compare with VLor VH

Tck=1.99us Tin=1.33us y y y y r y
: 4 - /’l .r‘/ /// /// //
IANANIANAN AN NN HGEEEAEEA A A
g AR/ AN HATAA A
0.5 .ﬂ// A/ / 1// A/ / }f E = = = = = =
Vv VIiVi/y VvV W, e
Time/mSect.01 1.01 1.01 1.01 1.02 1 ; = !
. . . 0
Simulation‘wavefort of TcK and Tifl S Sra— — = - -
1.6 7 yi 7 7 7
B //I //I f// /// /,J
Theoretical formula o 7 .
- i yd i {/ i i
Wy= 1.66us .
W, = 0.32us W > 1670
H 2
Well ; R
EXperimental reSU|t 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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Noise Spectrum of PWC Signal

Fi, = (N + 0.5)F

N=1 Best position : Fck < Fn < 2Fck
Fin=750kHz =Fck=500kHz ( Ww=1.66ps, W.=0.32ps)

O Condition K =

Buck DC-DC converter 1ocm;
. 10V
VOut 5.0V
L:200puH
C:.470uF
Iout - 0.25A

1Fn=| 3MHz

]

N

750kHz

I
| il ||||AIJ T’ st Bt o bt ol L

" i

| |

LT IR R

O Result Frequency(MHz) | |
Fn=750kHz Simulated spectrum with EMI reduction

Voltage[V]
[N

[

Assume to suppress influence on AM in 750kHz
F;, = 750kHz =F, ;0 = 750kHz




Automatic PWC Controller
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750kHz
Channel 1 F.
n

1250kHz (||||) ?

750KHz @
(o)

Channel 2 Fin
1250kHz M

Automatic
PWC
Controller

F notch

Automatic
PWC
Controller

E notch

750kHz

1250kHz

* When F;,, change, F.,, Wy & W; automatically change

Fck=Fin-(2/3), W,,, W, = Do-TckzTin/2 (when D0=0.5)

Fin1=750kHz = Fck=Fin-(2/3)=500kHz
Tck=2.0 us, Wy W =1.00us=*=0.67us
Fin2=1,250kHz = Fck=Fin-(2/3)=833kHz
Tck= 1.2 us, W W, = 0.60us=£0.40us
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Automatic Notch Frequency Shift

e Step response with input frequency change
Change F;,, to 750kHz and 1250kHz at every 1 sec

* Qutput voltage ripple:

- Stable output voltage ripple: AVo=2.4mVpp@I0=0.5A

- Overshoot/undershoot :

V4

Vs=5.0mV @Fin=750k <1,250kHz

* Simulated Spectrum of PWC signal:
(Left) Fin =750kHz, (Right) Fin =1,250kHz

lFin = 1250kHz

Transient response with F;,, change

© Frequeticy[MHz]
-

Spectrum in F;,, = 750kHz situation Spectrum in F;, = 1250kHz situation
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OUTLINE

« Conversion Voltage Ratio Analysis
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Necessity of Conversion Voltage Ratio Analysis

Tck

. - _ Vo o i >
Conversion voltage ratio : D, = v, Original i
Duty of SEL signal (high and low ratio ) : D, Clock ;
Ty
The duty Of WH: DH - ‘;1/_H WL I
ck § T
The duty of W,: D, = ud’ =Ty “’ = =
Tek Wy i : i :
ILW Timing Chart
v L |1 Cause of D, shift
L% ox L |z (D) D, shift =D, =D, + AD
vo  (2)ADy =Dy —D, # D, — D, = AD,,
SEL o] When D, Is accurate

SW omp|_<%'7 Duty of SEL signal D will be balance =0.5
Pulse Vref . : V,

I N -, - Average voltage of SEL signal will be f

| .

1 %Ouj"s“eg — Wy | When D, shift

: Selector | | W, : Duty of SEL signal D, will be affected

L

_______________ ‘

Influence: output voltage ripple
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Conversion Voltage Ratio Shift Situation

Cause of D, shift a

0.57
0.55
@ADH=DH—DO¢D0_DL=ADL 0.53
. Tin _ 0.51

Wy = D,T, +7 = Dy = (Do + 4Do) + ADy

0.49

Tin 0.47
Wy = DoTex ——* = D, = (Do + 4Do)— 4D, -

Here 4Dy = 4D; = (Tin/2)/Tck=1/3
* Average of SEL Duty :
Dij(@)=a Dy + (1—a) D;
=a (Do+4Do + 4Dy) + (1—a)(Do + 4Do—A4D;)
= (Do + 4Do) + aaDy — (1—a) 4D;

0.8 0.9 1 1.1 1.2
X= 4Dy /4D,
Relationship between 4Dy /4D; and a

_ _ Cause of D, shift
* According above equation, Let SEL duty: D,(a) =0.5

A4Do =0 & a4aDy — (1—a) 4D;,=0

= ADy = 4D; & a=0.5 (2) ADy = Dy — D, # Doy — D, = AD;
* In ADy # AD; situation ‘
To be a4aDy — (1—a) 4D;,=0 A little affected

a=1/(1+x) Herex = 4Dy /4D,
Only in this ratio, SEL duty changes, like the right graph
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Relationship between Average of SEL Duty D, (a) and Output Ripple

* Cause of D, shift | |
(1) D, shift =D, =D, + AD

* Automatic generation of Wy and W;

Tin
Wi = DoTer +—~ =Dy = Do +1/3
Tin

W, =D,T., — 7

=D, =Do—-1/3 Timing Chart
(Tin/2)/Tck = 1/3

% ' : =
Duty of SEL signal : Ds = « ¢ When Vin changes, actually D', shifts

% Average of SEL Duty : after the circuit has been designed

Dy(a)=aDy+(1—-a) Dy ‘
e Do+ 1/3)+(A - Do =1/3) pr —y (14 BYy=(1=B) - V,/Vi= (1 —B) D
— Do + (2a—1)/3 o o 0

* To set D, («) = Do, a should be 0.5. l
Then, average voltage of SEL signal will be %

Influence: output voltage ripple
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Influence of Input Voltage Change

V, 5
/A 10V D01=V=1_0=0'5 v c
D, =— i = l Dyz = — =— = 0.28
0=y m) Change Vi = 15V =) S » =Y =15
18V Dyp = = = — = 0.33
°2 "y, 15
SEL4:-—-_-:F:_-—::-:—:--:-_-_-:-— 5:004
D, = 0.50 \'A 'I" }Ln Mn m RLkH
T 3 HISENCRTOR IR A
‘_-, _,_ _”__ _,_ r_l._ -_”_ __‘ __-, 5-008 SmV |
SEL 4 —— ma| ! : 5004 |l | | |
D, =0.33%‘ - i 1 ! ' UM 111 | I'WW”“‘” 111”1!"111]1411“1||w1‘m1mlmlwmWHI i
i o i St e Rt e e o ‘03?9% mnmmm B A S L
Timj‘;?r,l?sz] 15.64 15.66 15.68 15.70 Time[ms]lii.o 16.2 16.4 16.6 16.8
Waveforms of select signal Change of output ripple
* D, shift=output voltage ripple effected & become bigger
SEL 4: | | V
(D, =028) 2 ————— ==
5.004 i TR i AR | N
EX. D03:O.28 0, Y028) 499%% i ‘» o ” ‘ :*“ T "N
Vo= 15mVpp 4992 15.6 157 15.8 15.9 16.0

Time[ms]
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D, Setting Method

The relationship between T;,, and D, (N=1 )

DoTex + TZ < Tey : /\
DoTer — % >0 [ »> 0-33 < Do < 0-67<
Ter = 1.5Ti, | A
Dys = % - 138 ~0.28 -{ gf :ll)?oajJ:AADD .
= D, =0

Consider about:

Vo _ > Dy =D, ,+4D > 1
Doy =7 ===071 | map H = Doy
04 Vi 7 { :>DH —1

DL:D04._AD
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OUTLINE

 Conclusion and future work
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Conclusion and Future Work

Conclusion
For EMI problem handling in switching power converter

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

« Automatic generate the F,, ¢, from F,

« Conversion voltage ratio D, between 0.33 and 0.67
can let the select signal keep in balance

Future work

« Implementation of automatic PWC control switching
converter
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Thank you for Listening



33/32

Q&A

Q: According to the spectrum of PWC signal, the frequency of F, and
4F, can generate notch, why does 2F, and 3F, not generate notch?
A: | do not know the reason yet. | am thinking about this question.

Q: In your research, you change frequency from F;,,; to F;,,, in this
time, it will create notch?

A: The notch was created at input frequency. If we input Fj,,;, the notch
will create at F;,4, If the input is F;,,,, the notch will create at Fj,,,. If
the communication of channel 1 is not good, the frequency of
channel 2 is switched. At this time, the clock frequency and the
coding pulse width are switched so that the notch frequency is
automatically switched to the reception frequency. An indication of
frequency switching and output ripple was displayed to indicate
transient response.



