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1. Introduction & Objective

100V AC 1.5V DC Switching |
Converters

Supply many kinds of Voltage
by switching the power

Switching Noise

-

Important to reduce SW noise & to decrease main spectrum level
Fig.1-1 background (EMI) EMI: Electro-Magnetic Interference | 2
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2. Spread Spectrum for EMI Reduction

% Conventional switching converter

il Power Stage - - - - - — -
T+

Vo  * Consist of Power Stage and Control.

| |
| |
Ty ! Ak o * Vo is compared with Vref and Amp.
| ‘| Rl *SAW-tooth is generated from clock.
T vin! D1 zz | * PWM pulse is generated by comparing
: : SAW signal with AVo.
| |
T T I ===,
Comp. Amp. [
| ..
PWM 1 < /IVo / : Original
I Clock
I | Vref : !
: SAW \ — : g
1Control F == —[============-~
Saw-tooth Clock
Generator Osc. SAW /

Fig.2-1 Buck type switching converter

PWM

Fig.2-2 Timing Chart ¢




2. Spread Spectrum for EMI Reduction
% Switching converter with EMI reduction

=1 Power Stage - = = = = — =
T%I

Vo x Difference is only the modulated clock.

| |
I * W * !
: 4 L : % Clock is modulated by shaking frequency
I | R using PLL circuit & random noise.
T Vin, Dl ax = L. Frequency of SAW signal or PWM pulse
: : IS modulated & reduce EMI noise.
g = Tf——————————— e | S
| Comp. Amp I o
PWM : Vo / : Original
- Clock
: \ | Vref : | :
: SAW - l Modulated [] I I I
" Control - ===~ ==========~ Clock L :
Saw-tooth Modulated R e A
Generator Clock SAW 7] / | / | /
T RandomNeise | T T 777 T I VA V4 74
I Random Clock I A P :
|
: Pattern —»| LPF = PLL [|<= Osc. : PWM
| Generator I 1

Fig.2-1" Buck converter with modulated clock Fig.2-2" Timing Chart 7



200kHz

% Simulation results & spectrum Lo T
| e !

— 500mV

(spectrum of PWM pulse)

* Clock Frequency is 200kHz

@® \Without EMI reduction ‘
* Many line spectra

-Peak level of clock F. is 3.5V ,
Level of 1IMHz is 500mV 0 05 1 15 2

-~ | j (a) Without EMI reduction [MHZ]
| 200kHz 0+

@ With EMI reduction # A

40m ‘

* Clock level is reduced 2 vy 50mV 20mV

3.5V = 2.0V (-4.9 dB) K
* Harmonics is much reduced . pory
1MHz: 500mV = 50mV (-20 dB) -

€ Bottom levels are increased (6mV) ‘

0 0.5 1 1.5 ‘ 2
FraquencyMHetz [M H Z]

% No good for radio receivers. | (b) With EMI reduction
Fig.2-3 Comparison of Spectrum
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3. Pulse Coding Method in Switching Converter

% Switching Converter with Pulse Coding
* Power stage Is same.

* In the control circuit,
SEL signal is generated
by comparing AVo with Vref. L

PWM pulse is selected from
Pulse-H or Pulse-L

according to SEL signal. Vo
PWM Amp
* To control output voltage Vo, l’@

SE

relationship of pulse duty ratiois . SEL . =
|
% Dun >Do>D, (1) : «—{ Pulse-H
Here, Dyis D of Pulse-H i

DLis D of Pulse-L . . |
_ _ Fig.3-1 Converter with Pulse Coding
Do = Vo/Vin (V conversion R.) 10
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3-1 Pulse Width Coding (PWC)

* Conditions: Vi=10V, Vo=5V, Fck=500kHz
.. Do=Vo/VIi=0.5

% Coding pulses of PWC control

Pulse-H : Wy =1.7us, Dy =0.85
Pulse-L : W_=0.4us, D, =0.20

Fig.3-3 SEL signal & PWM pulses

H H L L H
SEL
PWM
2.0 us [ms]

Pulse-L

SEL
N R 2
I
| < Pulse-H | ;
I Selector I
I
| :

- Wup=1.7us

Pulse-H

«— W =0.4us

Pulse-L

Fig.3-2 PWC Pulses
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@ Simulation results with PWC - TRRTHERRE O35S NIRRT EERERRER
| Il | | I | |
(1) Output Voltage Ripple R AT P -

- Static ripple < 2 mVpp @lo=0.25A - | | T

-Overshoot =2.5mV @ lo=0.125A -
| 1258 | 0254 | | | D1BA
(2) Spectrum of PWM pulse
* Theoretical Notch Frequency " Fig.3-4 Output ripple with PWC
Fn :N/(WH — WL) (2) 0.9V FPO}L\lotchFrequencies
| I \ 1.5M
=N/1.3us=770kHz, 1.5MHz “
(N: natural number) 2 4
-Peak Level Reduction:
3.5V = 0.9V (—11.8 dB) )
B T
* Bottom Leve is deeper: M “
Vg =—45dB = —65 dB (—20dB) | 'T‘ : I,t AN
"°°0d ) ) ) 'OIB | 10M [ ] 1’5 [ 2
Control nOtCh frequency| ‘ J— Harmonic Frequencies 200Henzi

Fig.3-5 Spectrum with PWC 12




3-2 Improved PWC Control

* Voltage conversion ratio Do=Vo/Vi < 0.3,
W, Is set O us & design Wy only.
* When Do > 0.7, Wy is 1 (always H) & design W only.

@ Simulation result

* When Do= 3V/10V = 0.3 (Vo/Vi < 0.3)
SEL
L H HL L H HH L
3.33us Wi
PWM
SEL |
Fig.3-6 Improved PWC 1
(Vo/Vi > 0.7)
SEL
[Vo=3V]
W,
PWM
PWM

Fig.3-7 Improved PWC 2
Fig.3-8 Signals of Improved PWC 13



@® Noise Spectrum of Improved PWC control
* Duty Ratio: Do = 3.0V./10V = 0.3, Fck=600kHz (Tck=1.67us)
* Wp =1.39 us (Dn = 0.46), W= 0 us (Low)
* Notch Freq.: Fn=N/1.39=0.72, 1.44, 2.16, 2.88 MHz, == -

720k . 1.44M . 2.16:M. 2.88'M.
400m
200m -
1mn h i1
4011 +
20m
>
= 10m-
=
g
S
5';9 1m
w
400u
200u
100u '
40u l ’ | |
20u ‘ . |
10u - 1 3 — IH —
£ 05 1 15 2 25 3
FrequencnyHeﬁz [M H Z]
rieyuet Ly mvin

Fig.3-9 Noise Spectrum of Improved PWC control 1



3-3 Complex Pulse Coding Control

@® Pulse Phase Coding (PPC) control

* Pulse width W Is same
but phase is different with time 7.
* Theoretical Notch Frequency

Fn = N/(2- T) (3)

* But this coding is NG for Vo control
because duty ratios are not different.

@® Complex Pulse Coding control

* Mix PWC+PPC = PWPC control Pulse-L

* Theoretical Notch Frequencies

Fn,=N/(2t), Fn,=M /(W ,—W,) Pulse-H

(N,M : natural number )

@ Fn, = Fn, = Large Notch

) W
T T
. W
To
Fig.3-10 Pulse Phase Coding
WL
—> T
Wh
To

Fig.3-11 Complex Pulse Coding
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@® Noise Spectrum of PWPC control:
* Conditions: Vi=10V, Vo=5.0V, Fck=1.4 MHz (Tck=714 ns)
Wy =480 ns, W, =320 ns, 7 =(Wy —W_)/2 =80 ns
* Notch Frequency: Fy= 1/160ns= 6.25 MHz
Bottom Level: Vg: —65dB = —75dB (—10dB )

—~ 0 6.25MHz
m.
< T
)
2 -40
3
B i 1

- -80

4 6 8 [ MHz )
Frequency

Fig.3-12 Noise Spectrum of PWPC control
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4. Experimental Result with PWC

@® Experimental noise spectrum with PWC
* Conditions: Vi=10 V, Vo=5.0V, lo= 0.25 A,
Wy =1.46us, W_=0.40us, Fck=600 kHz

* Notch Freq. : Fn = 1/1.06us = 920kHz ( Fck < Fy < 2-Fck)

1 dBV@EQZOkHz (600 kHz/dw)

.
2 ———————————

600kHiz
!

.11

1200kH=z= 2400kH=

Fig.4-1 Noise Spectrum with PWC control

18



@ Output Voltage Ripple with PWC control
- Static ripple = 8mVpp @ 10=530 mA (0.2% of 5V)
- Overshoot/Undershoot = 18mV (Include offset)

Output Voltage Ripple
230mA 530mA 230mA (500 Hz) (Limited 2.0MHz)

Fig.4-2 Output Voltage Ripple of experimental PWC converter
19



@® Another Experimental noise spectrum with PWC
* Conditions
Wy=2.0ns, W.=1.0ns, Fck=420kHz (T = 2.4 us)

* Notch Freq.:Fn=1.(2.0—1.0)us = 1.0 MHz
(2-Fck < Fy < 3-Fck)

420kHz 840kHz 1.26MH

Fig.4-3 Another spectrum with high frequency 20



@® Experimental noise spectrum with improved PWC

* Conditions: Fck=600kHz (T=1.67us)
Wy =1.32 ns (D4 =0.8), W.=0.0 ns [D0=0.5]

* Notch Freq.: FN=N./1.32us = 0.76, 1.5, 2.3 MHz
= There appear 1.5MHz (2:-Fn) & 2.3MHz (3-Fn)

0.76MHz

!

0.6

1.5MHz . 2.3MHz

1 1

1.2 1.8 24 3.0 [MHz]

Fig.4-4 Noise Spectrum with Improved PWC
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Conclusion

% Pulse Width Coding (PWC) control with
notch characteristics at a desired frequency

1. Notch Frequencies with pulse coding:
* Fn= NA(WR—WL) with PWC,
- FNn=MA(27T) with PPC
* Vpeak = 3.5V = 0.9V (—11.8 dB)
2. Simulated Noise Spectrum with Complex Pulse Coding:

* PWC :Fn=0.77 MHz : Vbottom =—65dB
* Impr. PWC: Fny=0.72, 1.44MHz
* PWPC  :Fn=6.25 MHz : Vbottom =— 75dB

3. Experimental Noise Spectrum with PWC
1) PWC(1) :Fny=940kHz ( Fck< Fn <2-Fck)
2) PWC(2) :Fy=1.00MHz (2-Fck< Fn <3-Fck)

3) Impr. PWC : Fy=(0.76), 1.5, 2.3 MHz -



Thank you for your kind attention!

Any question?
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