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Research Background

[ "tk
100V AC 1.5V DC Switching |
Converters
Emﬂf'”
S Supply many kinds of voltages
12V DC

5.0V,4.2V,35Y,
2.5V, 1.2V etc.

O
g @® Many switching converters in equipment
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EMI Issues
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1OOVAC 1.5V DC Switching |
Converters

Supply many kinds of voltages

Switching Noise

Kobayashi

Laboratory
3

BEFS A

UNMA UNIVERSITY




Research Objective

@® Ripple controlled switching converter
- fast transient response
- small circuitry
- No clock, No saw-tooth signal generator
Attra‘ctive
@ Research Obijective
EMI reduction of ripple controlled converter

@ Our Approach

New spread spectrum method with pseudo analog noise
O
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Conventional Rippled Controlled Converter (Configuration)
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® Hysteresis comparator
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Hysteresis buck converter Kobayashi
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Ripple Controlled Converter Simulation (Time Domain)

% Simulation Results

L1 |

Vout @®Hysteresis level : Set to 20mV

Voltage

Joaad AARAARARRAARARAAAARRAAAAARAAARsARAARAS
’ VIVVVVVVVUVIVUUVVYV VY VY TY
@® Frequency of the control pulse
15 Load 120k to 180kHZ
! ! ! . . @Output voltage ripple
timaimSecs Time 100uSecsidn ‘

Output voltage ripple and step response Less than 5 mVpp
(0.1 % of the output voltage)
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Ripple Controlled Converter Simulation (Freg. Domain)

10 i .
: Vcontrol
| % Simulation Results
4im
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T The highest peak level of 3V
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Simulated spectrum of the switching pulse

© . :
g of the conventional ripple controlled converter
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Synchronized Ripple Controlled Converter (Configuration)

Vin Vout
? 2 (4] 10 VOuUT T R2
. v - — -
+ 100m L2 1k
o1 _| Load
AN
S 9 470u . 20
— Vi c1 0T R1 _‘ .
I - - - =
20

OOOOO

Switch (S4) control signal is synchronized with clock pulse.

\ 4
Stable operation

B A @ EMI problem
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Synchronized Ripple Controlled Converter (Time Domain)
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% Simulation Results

Ripple level is a little bit large
(about 13 mVpp)

when the output currentis
changed to 1.0 A.

Simulated output ripple, switching pulse and

Q step response of new ripple controlled converter
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Synchronized Ripple Controlled Converter (Freq. Domain)

[RNEN NRRRN % Simulation Results

@ Output voltage ripple : 8 mVpp

Vcontrol
i ‘l @ Clock frequency: 1.0 MHz

ﬂ;

L

I

W ; ™ ' g |
g W” ' | @ Major period of control pulse:
s . ik T "'*"W'H" Wil  susoréus

! § @ Ripple frequencies

of the control pulse:
500kHz, 250kHz, 125kHz

@® Peak levels:

m il

il

!

o 450mV, 900mV, 2500mV

i 08

Frequency/Mbertz

Frequency

Simulated spectrum of

O : : :
g control pulse without analog noise modulation
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Analog Noise Generator

o < >
M-sequence circuit 0 1 3 6 5 2 4
- Digital random noise generator P LT e LT T T e
- Consists of an n-bit counter, EXOR gates ﬁ , | L |
- Number of pulse levels : N=2"-1 NN | I_l
- Primitive polynomials (ex. 3 degrees) ’ 1
(@) G(s) = x3+x2+1 [[TTT]

(b) G(s) = x3+x +1

I>Ana|og

noise | | j

i
O>» 0

3
M-sequence circuit (3 bit) () >+

Output waveforms
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Spread Spectrum with Analog Noise Generator

EMI reduction with digital and analog spread spectrum techniques

fo fo
M M
- fmﬂ-d fmc-ni =
5 Al A = A
5 .
& H T | \/\4\
7] T T 7
Frequency Frequency
(a)Digital Spread (b)Analog Spread

Noise spectrums are discrete. Noise spectrums are continuous.

s \ 4

More peak-reduction
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Analog Noise Generator Configuration

* M-sequence + DAC = Random Pattern Generator
* +LPF = Analog Smooth Signal (Periodic)
* +PLL = Non-Periodic Frequency Modulated Pulses

* Step response of PLL circuit is unsteady.

M scou=r VA

] . —F —H
Crcwil 5 TV TR

LPFF

" AN

I E

SsSsssss ;"MWW: Sss=s -_'JJWWM

tima'mSacs

Step response of PLL circuit

PLL ot

Bawtwath
e 1 eoiasr

Analog noise with PLL circuit
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Proposed Ripple Controlled Converter with SSCG

Vin Vout
Ifl >4 R10 10u VOUT R2 R4
. » —— v . —1—m —
100m L2 1k 20k VDD
+
o Load |
. 9 470u _| 20 _ ~
— Vi c1 0T R1 1.
- - » I v4 |
Vcontrol - o
ONOFF J_%r
Ll__l HC04D 2
ONOFE .
- :| -

Synchronous

ripple controlled converter = Spread spectrum clock with analog noise
M-sequence circuit + DAC + LPF + PLL

O
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Ripple Converter with Analog Noise Modulation (Time Domain)
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Q with the proposed analog noise modulation
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Simulated output ripple
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Ripple Converter with Analog Noise Modulation (Feq. Domain)

e
| |
\ | | . .

" % Simulation Results
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.. | @® At 250 kHz,
M 1 the peak level is reduced
Feqery e Frequency Wi by 700 mV (-65d B)

@ The highest peak level of
| the spread spectrum:

Ll 700 mV at 125 kHz
reduction by 1.8V (-5.5dB).
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° Simulated spread spectrum of

g new ripple controlled converter with analog noise modulation
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Conclusion

@ Ripple Controlled Converter
- Fast response
- Small circuit

l Synchronization

Stable Operation

Spread spectrum clock with analog noise
M-sequence circuit + DAC + LPF + PLL

Il

EMI Reduction

@ Effectiveness is confirmed with simulation



Thank you for listening
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