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Background

Many DC-DC Converters in Cell phones,
manufacturing machinery, etc.

@ 3 AC-DC converter

(Fly back, Forward Type)

Load Circuit

Vg=24/12 V l

Many Power Supplies

=

(DC-DC converters)

Fig.1 background

50V,4.2V
3.5V, 25V
1.2 V etc.



1) Low Cost, Size, Weight, etc.

2) Function: Ripple, Efficiency, EMI

| Functions |

Serial Control

[~ T =)
T Buck* \/ Hysteretic, \ Resonant Spread
Boost Ripple Control | Soft switching Spectrum
(Basic Converters) (High Speed) (High Efficiency) | (Low Radiation)
Exclusive, Exclusive, Exclusive, EMI,LEMC

Ripple Control [§j ZVS,ZCS-PWM Reduction

| Size,Cost | [SIDO]

\_ (Reduce Ls) /\ (CR-Oscillator)

(zvs-PWM Control]\  (Analog Noise) /

Fig. 2 Research Direction of Switching Converters

* ZVS:Zero—Voltage Switching
% ZGCS:Zero—Current Switching

% SISO :Single Inductor Single Output
% SIDO: Single Inductor Dual Output

* EMI: Electro—Magnetic Interference
* EMC: Electro—Magnetic Compatible




Research Objective

@SIDO Converter with ZVS-PWM Control
Experimental SISO converter with ZVS-PWM
Our Previous SIDO converter with Exclusive Control

\

% New SIDO Converter with ZVS-PWM Control
Using no clock

% New EMI Reduction with Pseudo Analog Noise
Adding analog noise to the reference voltage
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SISO Buck Converter with ZVS-PWM Control

1. Circuit and Operation
1) Normal Buck Converter ( No Resonant)

Duty Ratio: H = Vo T

1 L Vo H=Vod
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Fig.3 Circuit of Normal Buck Converter Fig.4 Timing Chart



SISO Buck Converter with ZVS-PWM Control

2) Circuit of Buck Converter with ZVS-PWM
@ Circuit: Adding Resonant Capacitor & Body Diode
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T+ .VC — Vo
SW

14 R
BD - .

PWM

1L

0
Ve

Vds

O

Fig.5 Circuit of Normal Buck Converter
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Fig.6 Waveform of Major Signals
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3) Operation of ZVS—-PWM Converter

Y - PWM turns to OFF
Current flows from Cr to Co and Vc decreases.
1
o — . . i
I SV [ Vc
H | 3

Fig.6 Major Signals
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3) Operation of ZVS—-PWM Converter

% State 2: PWM keeps OFF and Vc has reached 0V.
D1 turns ON and Inductor is discharging energy via D1.
Vo is increasing.
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Fig.6 Major Signals s1 32 S3 sS4 S5



3) Operation of ZVS—-PWM Converter
% State 3: PWM keeps OFF and Inductor has discharged all energy.
IL flows reverse direction and Cr is charging.

Vc is increasing. N I
I SW
4
— r
Vin BD D1
L i L
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3) Operation of ZVS—-PWM Converter

% - V¢ has reached to Vin and BD turns ON.
Negative flow of I is decreasing to 0A. PWM turns Hi and
SW turns ON. N I
» T#T *— —» » T - »
'Y SW ) Vc
4
T vin BD D14 T Cr zfcn %

I _— “‘\ /
ve T "]

yds u, _______ - C
to Mt 2 A 3 /ea A tO

Fig.6 Major Signals s1 32 S3 sS4 S5



3) Operation of ZVS—-PWM Converter
% State 5: PWM keeps Hi and SW keeps ON.

IL is increasing until Vo reaches reference voltage.
PWM turns Lo.

Then return to S1.

Period depends on

Cr, L, Vin, Vo, lo.

Fig.6 Major Signals
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SISO Buck Converter with ZVS-PWM Control

2. Simulation Results

* Vo is compared with Vref and amplified.
e Then compared with Saw—tooth signal and get PWM pulse.

Ve I Vo

Vin M1 — L . .
I il I 000 I Table 1. Simulation Parameters
e Cin D1 Cr Co R
-+ l g l l Parameter Value
T Error Amp

PWM
Comparator V|n 10 V
PWM —AQ f&w\'—
QR
¥ Vo 6.0V

- ;%:) Senerator _;l;_ e L 1.0 uH
T R e Cr 47 nF
% Co 470 uF
S 0 0.30 A

+
Fig.7 Simulation Circuit | i y



SISO Buck Converter with ZVS-PWM Control

2. Simulation Results
% Vo is stable at 6.0V.

* I flows positive and negative.
* PWM width is determined State 123 4 5
by feedback loop. — s 6.0V
Vo — , <
V] & I '
- ! ! |
: . " : : — :
PWM SWF.OF SW:ON L i /"\\\ | //\\\
q A ; — < 0A
! ! T [
N N . R R P~ o I 10 : ' —t h in -
0 T~ ve —2 A e = vin_
Ve .——4 A E—— . ) / | R / l \\ /
A S/ A [V] = — N T X
Vds s g v E ! —— |
0O—— +——- g 1 ' ! L] I
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s1 S4 A

time/mSecs 2uSecs/div

Fig.6 Major Signals Fig.8 Simulation Result (Major signals) 15



SISO Buck Converter with ZVS-PWM Control

3. Experimental Results

* Qutput ripple: 50mV Vi=10 V, Vo=6.0 V, [10=0.3 A
* [ peak: 7.0 A T ————
% Fop: 250 kHz o B i

303.750m 50.000m 7312500 17 B875Y

Vo [V 1 ‘i 'il:‘wfﬁlﬁ| JZlWFﬁ. III:W} . J'l:'w-#-ﬁ 7 |'1.Wr.
Avo V] B "\,f A N N ’\,ll, ~ i\',""'?'

! Pl P )
f I'. 2 I'|| "|, F 3 I'. _ff I"I
II".. g Y r LY '.“# "I,II -__.p\" 'l.l

V¥ Most of ripple is
because of ground Vcl[V]
line impedance.
This circuit is made

: PWM [V
on universal board. [V]

Fig.9 Experimental Results 16



SISO Buck Converter with ZVS-PWM Control

* Voltage & Current

] ~2.50G5/s ) 478 20
B+ v688.652us 10k points

Conventional

J[s00ns ~1.25GS/s > 7 | 479 2014
W+v673.332us 10k points —400uA || 16:34:37

Fig.10 Waveform of Switching Voltage & Current
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Proposed SIDO Converter with ZVS—-PWM Control

1. Circuit and Operation (1)
* Two sub-converters are selected by SEL signal.
* SEL signal is made by comparing AV1 & AV2.
Sub-conv. 1 is selected when Av1 > Av2.
*V1>V2.

SO IL Sub-con. 1

. Ve <—=>1 VI | V1
. a DT P
A | :'g:
|

- | AT 4 >
L L s CE SR BN A 7
._sz::E.I/AVZ | ;
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' Sub—conv. 2 SEL i !

PWM Yo Sp—{VeVin| 1 S E

Fig.11 SIDO Converter with ZVS-PWM Control 19




Proposed SIDO Converter with ZVS—-PWM Control

1. Circuit and Operation (2)

% Sub-converters are selected with SW2 and Di.

% Inductor Current IL flows forward & reverse.
Body Di is important for reverse IL when con.1 is selected.

(V1>V2)

PWM1
COM

SO [L | Sub-converter 1

Vinl -1 V¢ _

=
V
S

A | -
— AT :::::-17::: g\
Cr | 8o L ING i x
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Fig.11 SIDO Converter with ZVS-PWM Control 20




Proposed SIDO Converter with ZVS—-PWM Control

2. Simulation Results (1)

- Vi=10V Vol[V] =
= V1=6.0V, V2=5.5\ Vo2Vl .
" |01:|02 =05A 2 A ) A ) A
‘-5“\ \\ A\ A\ vak /\ /\ /\ VA /\ /
= |=2.2uH, T L e o 4 e W 7 L A A WA W AR W,
ALY/ YA VA0 /40, 0 /A VA VAV
Cr=1.0nF, C=470uF o
vev]
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SEL[V] ° < i >
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time/mSecs 2uSecs/div

Fig.12 Simulation Result )




Proposed SIDO Converter with ZVS—-PWM Control

2. Simulation Results (2)
- Output Voltage Ripple

V1, AV2 <10mV
*Over—-shoot==3+10 mV

% Self-reg. > Cross—reg.
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Fig.13 Simulation Results (Ripples)
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Proposed SIDO Converter with ZVS—-PWM Control

@ Efficiency vs. lo of Converters

* SISO Converter : MAX 95.5% (Conventional : MAX 94.3%) @ Io=1.0A
An=12% @ lo=1.0A, MAXAn=65%@ [0=0.2 A
* SIDO Converter : MAX86.0% (Conventional : MAX 78.5%) @ 10=0.3A
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New EMI Reduction Method

1. Spread Spectrum in Switching Converters
® Method: Random Shift of PWM Phase

% Conventional Method:Digital Spread Spectrum

-Many Shift-registers & Selectors: 10" 12bits
% Our Previous Method: Analog Noise Spread Spectrum
*Only 3-bit Counter + LPF Circuit = Shift PWM

L
Vin Ve
- ’m 1 & COM fo fo
A Q = |fmod | fmod -
13wy | AL 4
Phase ’ N
Sh i fte I" Frequency Frequency
777 SAW-tooth (a)Digital Spread (b)Analog Spread

Fig.16 Converter with Spread Spectrum  Fig.17 Spread Spectrum
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New EMI Reduction Method

2. M-sequence Circuit : Digital Random Noise Generator

@ Circuit & Operation
% Shift—resistors & Ex—OR gate:

* N=(2" —1) levels on bit number n of primitive polynomial
Gx)=x3+x2+1 (3-bit= 7 level)

Period: To=7-Tck

/ N\,
r 1 e
clock b . - ’ 4 i}
Q1 Q4 Q3 mosf 00— 1— 3—-6—-—5-2-4

Fig.18 M-sequence Circuit Fig.19 Output Step Pattern 2
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New EMI Reduction Method

3. Proposed Spread Spectrum with New Noise Generator

* ZVS—-PWM Converter is difficult to shift the PWM phase
because of no clock, no synchronized signal.
% Add analog noise to Voltage Reference

SAW is not constant phase =) Error voltage is dithered

Analog Noise
Generator

|\/|_
sequence
Circuit

Q1
Q2

Q3

Step Analog

Pattern

D/A
Con-
verter

? LPF

Controller of Converter

:V ——

|

2 J B % PWM
/ comp

(| {
SAW
AV

Fig.20 Spread Spectrum by Adding Analog Noise
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New EMI Reduction Method

3. Simulation Results : 3.0V

900mV

@ Output Voltage Ripple

il ’.1'? I

AVo=10mVpp( <0.2% of Vo) || |

@ Effect of Spread Spectrum
% Peak level : =4.0dB

1.2V @= 30V (F=377 kHz)

(a) Spectrum without Analog Noise

% Harmonic level : —3.5dB -
= < 1. 2V i
0.4V &= 09V (F=1.13MHz) ; e
10mVpp [ —
- ¥ " t i . | | | | |
s L L nL u|6 U\é ! 1\4
' (b) Spectrum with Analog Noise

sssssssss

Fig.22 Spread Spectrum
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Conclusion

1. Buck Converter with ZVS—-PWM Control

a) Simulation Result : Efficiency n (%)
* SISO : 1= MAX 95.5 (A n=1.2% @lo=1.0A)
MAX A n=65% @ l0o=0.2 A
* SIDO : = MAX 86.0 (A n=7.5% @l0=0.3A ) = MAXA7n

b) Simulation Result : SIDO Converter
Output Ripple : /JVo = 10mVpp @ lo =05/1.0 A
Over—-shoot : =10mV @ /Nlo=%x=05 A

2. Proposed Spread Spectrum

a) New Spread Spectrum with Pseudo Analog Noise
3—-bit M—sequence + LPF = Add to Voltage reference

b) Spectrum Reduction
*Basic frequency : —4.0dB : 1.2V < 3.0V (F=377 kHz)
* Harmonic freq. : =3.5dB : 0.4V < 0.9V (F=1.13MHz)
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for your attention.



