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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.



Background

Single Inductor Dual Output

Power Supply
( SIDO converter )
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Reduce cost
Reduce volume

Reduce inductor

Fig.2 Background



Research Objective

®Single Inductor Dual Output (SIDO) converter

» Our Previous SIDO converter with Exclusive Control
buck-buck or boost-boost converter

» Control Speed becomes slow
because of sharing a Inductor and a switch

@ New SIDO/SIMO Con‘v;rter with Hysteretic Control

» Using few additional components, no current sensor

» Does not depend on the value of Vo or lo.



Outline

 Previous SIDO Converter with Exclusive Control

— Circuit and Operation
— Simulation and Experimental Results



Previous SIDO Converter
with Exclusive Control

Vi=9V = V1=6V, V2=4V

V1> AV2 = SELIL] = S2:0FF = V1
V1< AV2 = SELTH] = S2:0N = V2

converterl

PWM

Fig.3 Simulation Circuit F-500kHz
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Fig.4 Timing Chart




Previous SIDO Converter

[Simulation Result 1 ] Output Ripple

Vo [V] I :
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Fig.5 Simulation Result (Output Ripple)



Previous SIDO Converter

[Simulation Result 2 ] (Transient Response )
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Fig.6 Simulation Result (Dynamic Load Regulation) 10



Previous SIDO Converter

[Experimental Result 1]
@ Output Voltage Vi=9.0V = V1=6.0V, V2=4.5V, f=200kHz

Fun Trig'd Muise Filter 0

— R

11=0.25A
12=0.36A

V1=5.98V

V2=4.54V

' 10,0 10,0y

[on0ps 000000 s|@E S8V 19583

Fig.7 Experimental Result (Static Load Regulation)
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Previous SIDO Buck Converter

[Experimental Result 2]

@ Dynamic Load Regulation V1= 10 mVpp (Cross Regulation)
V2 =12 mVpp ( Self Regulation )

12 = 0.60A.0.36A

12
SEL

V1

V2

& 100v By 100y

[l2noms  2a4g000ms @ 240 0 Hz|04:57:44

Fig.8 Experimental Result (Dynamic Load Regulation)
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Outline

* Proposed SIDO Converter with Hysteretic Control
— Basic SISO Converter with Hysteretic Control
— Circuit and Operation of Proposed SIDO Converter
— Simulation and Experimental Results
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Proposed SIDO Converter
with Hysteretic Control

[Basic SISO Converter] (Future) SISO: Single Inductor Single Output

@ Non-Linear Control ( High-Speed Control )

@ Simple Circuit ( Comparator only )
(Window Control Method is called Bang-Bang Control)

4 k. & )
& /vlvx v
VAJ' '-Lo, ESR% LQR
T g ey S : W
e ‘Lmj_ 1 !
. Upper/Bottom Control Method ) Window Control Method
\. .

Fig.9 Basic Hysteretic Control Method
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Proposed SIDO Converter

with Hysteretic Control

[Basic SISO Converter] (Circuit)

@ Upper Level Control Method (Energy supply control)
@ Simple Circuit (Comparator only. No clock, no PWM signal)
@ Control frequency is depend on Loop Delay, Load Current etc.

S0 L Vo E" * Ton depends on
—.—'f 00 O Delay, lo etc.
Vi _ Toff | Alo
— AD =C R ‘ ]
L@ O
ON/OFF I N -  —
Comparator ~—— Vref Ton Ton

Fig.10(a) Circuit of Upper Level Control Fig.10(b) Timing Chart
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Proposed SIDO Converter
with Hysteretic Control

[Basic SISO Converter] (Simulation Result)

* Vi=9.0V, Vo=5.0V
- Alo=1.0A0.5A

Output voltage[V] | | | ¥

F = 1 MHz
 /IVo=2.5 mVpp

. -
Overshoot: =+ 6.0 mV 195

4.992

% Parameters
L=10uH, C=470uF

>.004 l Vp-p : 2.5mV
s MAML AAAAMAA/ AAMAAMAAARAAAAALA AN

ff'ﬂ?UXUVUF‘I'FT FYyvV Yy Fr\fl"'fT L-U'F
/1

—

frequency : TMHZz

Fig.11 Simulation Result of SISO Converter16



Proposed SIDO Converter
with Hysteretic Control

[ Circuit of Buck Converter ]

 Vi=9.0V = V1=5.0V, V2=3.0V, l0=0.25A
* L=1uH, C=470uF

S0

7

L

A

A

777

converter 1

{>AV1
OoP

ON/OFF *-

———————

-

Fig.12 Proposed SIDO Circuit with Hysteretic Control
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Proposed SIDO Converter
with Hysteretic Control

[ Simulation Result ]

* Vi=9.0V = V1=6.0V, V2=4.0V

- /IV1, AV2<10mV * 101=1.0A/0.5A, 102=0.5A
-Overshoot=0 mV * L=0.5uH, C=470uF

(LI LLRRLLA LR (DR REL LR (L LU LR

1.0A 0.5A

f””lflflflfll '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' I'|'|||||||||||I|||I| AVZ

0.5 0.5 o7 o.= 0.9 1 1.1

Fig.13 Simulation Result of SIDO Buck Converter
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Proposed SIDO Converter
with Hysteretic Control

[ Circuit and Operation] (Boost Converter)

. Vi=3.0V = V1=5.0V. V2=4.0V L — i
- 101=1.0A/0.5A, 102=0.5A | Eg e
Vi y ] </
* L=1uH, C=470uF - -*\f," So S T N
- Clock is used for starter. i 1 (QJ_ """""" VzO
: i SEL: f
. AV1 — 77 LN /\;E
1T !

Fig.14 Simulation Circuit

[ Simulation Result ]

» AV1=AV2 < 10mVpp
- Little Overshoot

0.6 0.8

Fig.15 Simulation Result
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Proposed SIDO Converter
with Hysteretic Control

[ Experimental Result ] AT AT A
( Buck Converter) =i kHz —

@ Static Load Regulation
( Output Ripple )
AV1=20mV, AV2=15mV
F=850 kHz
@ 101=0.50 A, 102=0.20 A

@® Dynamic Load Regulation T T
( Transient Response ) 9 | ‘ wl‘["‘\v\\\l\‘m \\'\\V\W&\’\‘\\\\\\
AV1=25 mV : Self Regulation
AV2=5mV : Cross Regulation |Hisluu
@ 101=0.35A.0.18A
102=0.10A 5

Fig.16 Experimental Result 1

100 Hz

WA

Fig.17 Experimental Result 2



Outline

* Proposed SIMO Converter with Hysteretic Control
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SIMO Converter
with Hysteretic Control

[ Circuit of Buck Converter ]

- Vi=9.0V,Vo0=6.05.0403.0V
* Priority : V4>V3>V2>V1
" V4<V3<V2<V1

» Period E : | L Is back to source.

SIMO: Single Inductor Multi Output

Y Each converter : Plug—in type

Vi

D.
R
_S%/D_g:l_.o{% o - v

il SEL2 | [SELL ~ Il I
. SEL3 | VARYZ)
\ SEL4 rd f
N / \
N /] \
1 /£ \
1) i M- 1 !
A | |B w E | us

Fig.19 Timing Chart
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( D:O 5 ) 7'1;?::::::::::::::::::::::::::::::::::::::::::::::::'
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Fig.18 Simulation Circuit



SIMO Converter
with Hysteretic Control

[ Simulation Result ] B L8 mvee | 1 1:06 0.5A
( Buck Converter: 4 outputs) 08

a) lol= 0.5A (l02~104=0.5A) 2]

- 3MV=AV1= AV2E AV3E AV o= i 3 mVpp

b) lo1= 1.0A (102~104=0.5A ) L L

- TmV=AV1> N2= AN3=AV4|

" Priority : V4 > V3> V2> V1 [4v

- F= 200 kHz (D=0.5) oy it ibtshubiliubiltiutiubiibidi

Ava 2

¥
S50

Fig.20 Simulation Result



SIMO Converter
with Hysteretic Control

[ Circuit of Boost Converter ]

" Vi=4.0V,V0=6.0.555.0745V

- 101=0.5A/0.25A, 102~104=0.25A

L 81D

Vi

0 S T NN L
[ — !

777 I :
200 kHz —>Q Ve !
( D:O4 ) 7;?:::::::::::::::::::::::::::::::::::::::::::::::::::::::::
_>O Vs O

Fig.21 Simulation Circuit

® 4mV=AV1> AV2= AV3= AV4

5.004 | | |
G 00D 0.25A 0.5A
’ |
i ANV TN | Y
5.995'F 1
59596 mV
4mV
5.501_ -
=] h B R hhHRhRRRRRARBRARRR]-
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Fig.22 Simulation Result ,,



Outline

e Conclusion
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Conclusion

1. SIDO Converter with Hysteretic Converter

a) Simulation Result ( Buck : 9.0V = 6.0V, 4.0V)
/IVo<10 mV ( Boost : 3.0V = 5.0V, 4.0V )
@ l01=1.0A.70.5A, 102=0.50A

b) Experimental Result ( Buck Converter )
AVo<25mV @ 101=0.35A.70.18A, 102=0.10A
AVo<20mV @ 101=0.18A, 102=0.20A.70.10A

2. Simulation Result of SIMO Converter ( 4 outputs )
a) Buck Converter: (lo2~104=0.5A)
- /AVo<7mV (101=1.0A.”0.5A)
b) Boost Converter: (l102~104=0.25A)
- AVo<4mV (101=0.5A.70.25A)
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[ Circuit of SIDO Buck Converter ]
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Output Ripple AV 1 and AV 2

Voltai SEL — High : V1

6.03 \ I
6024 \ 12mVpp |

5.99

5.98

5.97- i T
SEL |-] B

402~ '3-

4.0 |

“ |

3.99 “' I” ] lll'l

3.98

Lo LY2 | T I1 =1A412 = 2.04

13 1305 137

8/23/2013

Time[ps]

Ratio X 2.2

/ 11 =14,

12 =22A

AV1,4V2 < 05%V,

= AV1 = 12mVpp

- & AV2 = 20mVPp

\

SEL — Low : V2
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Proposed SIDO Converter
with Hysteretic Control

[ Operation of Buck Converter] — Avi V&od-"===—as - -#-
* ON/OFF signal: ON1+ON2 ONT L 1. -
* SEL signal: Compare (AV2> AV1)  pyz B4 T =mec —F o -

S0 ] ——
» o V1 ON’ ON2 ) ISR SN 'SP SN SENN I
T W [> COM i P
Pl Ei > 5 it
| A | ppfgiegiogoy | SEL V2 Vi1
U {>_ ......... LY _
N E: sz[: ON2 ' on T
il ! L_%__' s s R —
! | Vi
:_ SEL : ....................... :
A 1 | .
Proposed SIDO Buck Circuit Timing Chart
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Proposed SIDO Converter

n Hysteretic Control

[ Experimental Resu

( Buck Converter)

@ Output Ripple

( Static Load Regulation )
(a) AV1=25mV, AV2=20mV

F=950 kHz

@ 101=0.35 A, 102=0.20 A
(b) AV1=20mV, AV2=15mV

F=850 kHz

@ 101=0.50 A, 102=0.
@ Polarity of each ripple is
complementary

20 A

Experimental Result 2




Proposed SIDO Converter
with Hysteretic Control

100 Hz
B omemm— 11T

[ Experimental Result 2 ] i

( Buck Converter ) !

‘,.‘,,/ﬂMm'».w//m/mrﬂ/w'"""'"—"""mf‘»,‘a/m,‘wav,w/m'.w/'/"

® Dynamic Load Regulation
(a) AV1=25 mV : Self Regulation |
ZIV2=5mV : Cross Regulation

@ 101=0.35A~0.18A

102=0.10A 100 Hz
(b) AV1=30mV : Cross Regulation [N mmm—m—m—m— (T
ZIV2=15mV : Self Regulation |
@ 101=0.18A f,.,,mmmmwwamw;a*——---—-m;.l/wmmmmm.«/'
102=0.20A.~0.10 A

Fig.17(b) Experimental Result 2

32



[ Simulation Result of SIMO Converter ] 4 outputs
Vo = 6.0V, 5.0V, 4.0V, 3.0V

Vi

18]




SIMO Converter
with Hysteretic Control

[ Simulation Result ] iy 1] |
( Boost Converter: 4 outputs) em | | 9-2A 0.5A
br
a) Io1= 0.25A (l02~104=0.25A) ,,, JANL AR
- 2mMV=ANV1=AN2=AN3=AV4 ¥ | 2mv iy
b) lo1= 0.5A (102~104=0.25A) .\ VRRT R
" AmMV=AV1> N2=AN3=AVE sz
Priority V4> V3> V2>V }zggg bR ‘\L-._‘; b hRHRRRERRRERRR
44::?:;:_ \.L_"tl_!'- u \L_"l 'HL L"tl—"i \.L L_"l 1 'I.L ! ".L_"t 'i.L"t

Fig.22 Simulation Result ;



[ Experimental Result of SISO Converter ]
Vo=4V, 10=0.35A ( on Universal Board )

Pulse Noises because of Z of GND line

o A - My e o i o g 5

CHI INPUT | CHZINPUT
AC IM AC IM
200mY/div | 20.0mY/div
10:1 10:1
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