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Introduction

s Industry Demands N

High Efficiency and Extremely Small System Solution

- J

Conventional Power Supply Circuits

Linear Regulator Efficiency 30~60% | Circuit Size : Small

Switching Regulator Efficiency 70~90% | Circuit Size . Larg

Optimize Efficiency
5/

‘ Switching Regulator \ - ,_ﬁ“"

GUNMA UNIVERSITY TAKAI-LAB :Dﬂ 4

2010%F12H13HAEH



Introduction

‘ Switching Regulator I

\/

Multi Output Power Supply Circuit

~— Digital Camera 1 OLED Display ® L Vv
" - — 3 T —  vVom
Positive Voltage : 1 5V }| Positive Voltage : bV

Negative Voltage : -8V Negative Voltage : -2V

Multi Output Power Supply Circuit
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Multi Outpt2esa_ ly Circuit

Industry Demands

High Efficiency and Extremely Small System Solutio

rJ

[ One Inductor is RemovedJ

V4

[ SIMO DC-DC Converter ]

Introduction

-4 3
OL 3+ 3

Single Inductor

-

3
® T

:

|-

- Vom

Multi Output Power Supply Circuit
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Outline

@2SIMO DC-DC Converter
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Conventional Circuit

SIMO DC-DC C rt ) .. :
. onverer g Timing Diagram
2
e Positive Ts - 1 cycle

7. A Inductor Current Waveform

Sf = Vop L PO N
P1si i
] c 5 \ i

Al | T‘ Negative
V@ S1 s3 T < Vom

l l \v4 Stagel Stage2§ Stage3§

\ y,

Negative Voltage Vom — —Vop + VF

N4

Negative Output Depends on Positive Output

Cause : S2 & S3 are on Simultaneously
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Change of Timing Diagram

r—| Conventional Timing Diagram

Iy
<€

A Inductor Current Waveform

TS|

>

Ts 1 cycle

~— Proposed Timing Diagram

Ts . 1cycle
Inductor Current Waveform

A
I : : 1S

A S
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Inductor Current is ;
Changed

Stage4
:Stage3 : StageS

Stageéi

3 s

Stagel : Stage2

The duty ratio of -] :
each switch is fixed L

S2  oFF i OKF

Change!—
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Change of Timing Diagram

SIMO DC-DC Converter N (- Proposed timing diagram
S2 Ts © 1 cycle
—e o A Inductor Current Waveform
Cof : ]L . TS_ : . .
St — % Vop DRI 11 TS S

m,'—ﬁ [e D |
Vi@ \ st iSB T 3 Vom I

H L P-4 S 4: E E

- : i 77 1 Staged: : .
Stagel : Stage2 : : geas :

gel © dStag g ebe Stageb

3 :Stages :
——3% S

——1 Operation of Switch Sfi—

Maintains the value of
the current in the inductor.
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Change of Timing Diagram

SIMO DC-DC Converter ~N (- Proposed timing diagram
S2 Ts © 1 cycle
— o o A Inductor Current Waveform
Sf = % Vop
e 4
L C D
4115 TH
Vi L
® u S1 l S3 % Vom
_ y
| Stage1 \
S1: Turns on = Inductor L stores energy
from voltage Vin
Current that flows to inductor L
= Vi, 1B,
L - — p—
L T1
. Y,
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Change of Timing Diagram

\_

SIMO DC-DC Converter ( Proposed timing diagram
S2 Ts © 1 cycle
— o= A Inductor Current Waveform
Sf
e
L [e D
AL1h |
Vi
o i S1 l\ S3
__ )
1 Stage2
S2 " Tunon - - - Inductor L supplies its energy
to output terminal of Vop
Vor — Vi I, — Ip
I =2 *t="" t
v L T2
. T1+ T2
Equation of Stage1 > Vop = il Vi
12
=G-8,
YT T
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Change of Timing Diagram

SIMO DC-DC Converter ) (- Proposed timing diagram
S2 Ts © 1 cycle
e e Inductor Current Waveform
]L A . H H H .
Sf — = Vop — L
it > e e
— & &— < : :

Ip. Ti A T2 fTsjT4 §T5 i Tei
Lp2

v TH
V@ \ s s3 T < Vom Ip

_ Sta e4£
Stagel = Stage2 8 : : Stageb
! P e Stage3 fStages {7 S

— Stage3d 2

Sf . Turnon + - * The current of the inductor
IS maintained with
the free wheel switch
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SIMO DC-DC Converter )
S2
— e o
Sf = % Vop
e 1]
L C D

Change of Timing Diagram

(" Proposed timing diagram

Ts © 1 cycle
Inductor Current Waveform
T A
L : TS{ ~N : :
€ : S
DN PEEEEEIN VN SA DI Ve
]p. T Tz T3t T4 :

/

Stage4

Stagel Stage2 .
& & :Stage]

OFF

Stage4

S1:Turnon - - - Inductor L stores energy

from voltage Vin

Current that flows to inductor L

I, —1Ip
I; = 2t=22 ¢
L= T4

OFF |
N S1 ON ON
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Change of Timing Diagram

SIMO DC-DC Converter ) (- Proposed timing diagram
S2 Ts © 1 cycle
— ¢ o A Inductor Current Waveform
3 % Vop Pl TS oy
: ' : €D
— Ts T6§
i |
Vil "\ s S3 Vom .
(‘) Stagel Stage2 : Staged Stageiﬁ
l H EStage_?E Stage5 } s
\. y :
— Staged N
S3 ! Turnon + - -+ Charge pump capacitor Cc
charges energy from the inductor
Current that flows to inductor L
i V:L'_Vct_ IpZ_IBt
;= — _ _
L 1’5
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Change of Timing Diagram

SIMO DC-DC Converter ) (- Proposed timing diagram
S2 Ts © 1 cycle
e e Inductor Current Waveform
I 4 Ts;
Sf — Vop
—— @& O— ~

Stagel : Stage2 . - .
8 5 :Stage3 : StageS

— Stage6 2

Sf: Turnon - - - The current of the inductor
IS maintained with
the free wheel switch
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Change of Timing Diagram

SIMO DC-DC Converter ) (- Proposed timing diagram
S2 Ts © 1 cycle
— ¢ o 7 Alnductor Current Waveform
Sf —
e il
L s C D
4118 —¢
V@ E 131 l\ s3 T
k A4
— Stage1 N
S1 :Turmmon - - - Energy of capacitor is discharged
and negative voltage Vom are given
Equation of Stage4
% Io—1
I = Ft= p2T4 =2
. T4+T
Equation of Stage5 > vV, = — ;5 5%
IL _ _‘/z 2‘/675 _ _Ip21:5]Bt
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SIMO DC-DC Converter )
S2
— e o
Sf = % Vop
e il
L C D
gk |
Vi L
® i S1 l\ S3 % Vom
__ )
11+ 172 D1+ D2
Vop = Vi = Vi
b T2 D2
T4 +T5 . D4+D5.. :
Vom — 7 =— 7 :
TE Vi + Vg : DE Vi + Vg :

Negative output voltage can be changed independently

Change of Timing Diagram

Ts © 1 cycle

A inductor current waveform

S1 ON OFF ; ON obF |
S2 P of
OFF ON : OEEF

53 S N I KON
St - :

OI?F ON G_FF ON

Propose timing diagram
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Outline

@)Simulation Results
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Simulation Results

” SIMO DC-DC Converter N ( Simulation Condition
?i Switching Frequency . 500kHz
St L % Vop Input Voltage Vin : 3.5V
e ! |
] C D Inductor L - 2u

A I | ' Output Capacitor Cout - [0u
® .\ S1 S3 T Vom
7 ? Load Resistance Ro : 15Q)

ICharge Pump Capacitor Cc - 5u
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Positive Output Voltage: 7V

Positive Voltage

6.92:
6.94

S
- :

6.88-

6.86+

......................
2.0 2.002 2.004 2.006 2.008
time (ms)
Negative Voltage

-5.914

-5.92+

-5.934
g
-

=5.944

=5.954

-5.96 \/

2.'0 2.0'02 2.(;04 2.(;06 2.0'08
time (ms)

Negative Output Voltage:-5.93V

Simulation Results(Conventional)

p Positive Output Voltage:10.5V

Positive Voltage

10,1254

10.14

> 10.075-

10.054

10.025-

20 2002 2.004 2.006 2.008

Negative Voltage

-9_0-/

-9.02+

-9.04+

V)

-9.06+

-9.081 b

vvvvvvvvvvvvvvvvvvvv

1
2.0 2.002 2.004

time (ms)

| I Negative Output Voltage:-9V
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Simulation Results(Conventional)

Positive Voltage Negative Voltage
Ripple (Vpp) Ripple (Vpp)

6.89V | 75.5mV | 59V |54.3mV
10.1V |[119./mV| -9.1V | 87.9mV

Positive Voltage Negative Voltage

Negative Voltage :Vom = —Vop + VF

r Conventional Circuit
A negative voltage depends on a positive voltage '
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Simulation Results(Proposed)

Positive Output Voltage:6.7V ~—1 Positive Output Voltage:6.7V
o Positive Voltage o Positive Voltage
6.711 6.711
6.7- 6.7-
s s
 6.69- > 6.69-
6.681 6.681
6.67- 6.67-
2.0 2.002 2.004 2.006 2.008 2.0 2.002 2.004 2.006 2.008
time (ms) time (ms)
453 Negative Voltage . Negative Voltage
-6.291
-4.5351 -6.295-5
-4.54- '63;
s e maet
o Z.6.305
-6.311
-4.55- ]
-6.3151
-4, 5554 -6 32.:
2.0 2.0025 2.005 2.0075 2.0 © 2002 2004 2006 2008
time (ms) time (ms)

Negative Output Voltage:-4.54V —(J Negative Output Voltage:-6.3
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Simulation Results

Positive Voltage Negative Voltage
Ripple (Vpp) : Ripple (Vpp) |:

6.7V |50.8mV | -4.5V |20.8mV
6.7V |50.8mV | -6.3V |27.1mV

Conventiona!l Timing Daigram

Positive Voltage
Ripple (Vpp) !

6.9V | 75.5mV | -59V | 54.2mV |
10.1V | 119.7mV| -9.1V | 87.9mV |

Positive Voltage Negative Voltage

Negative Voltage |:

Negative Voltage Ripple (Vpp) |

Positive Voltage

[Voltage Ripple has Deoreased]
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Inductor Current Waveform

- Inductor Current Waveform ~
At The One Cycle [
2.75 .
Proposed Conventioanl
2ro .
Inductor L is
R one charge &discharge
2.0- l
1.7s-f Conventional
- Proposed
s BRECRART RRRT TN Inductor L is
\ / two charge &discharge
\_ J
\ Current Ripple (Vpp) - ~N
Inductor Current Ripple is
Conventional
.35A Reduced by 50%
\_

Proposed 630.4mA
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Transient Response (Conventional)

Transient Response )

1ol
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Negative output voltage

depends on positive

-3 g4 /vml
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L\ N
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-7.01

-8.0

1.90

19%

Woltage

_ 20 ' " 208 ' ) 2
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Output Voltage Waveform
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Transient response(Proposed)

Transient Response i D
8.5 7upl -
s.o; ,:" “‘
7.0 ' '
§6.5~§ _—
6.0- :
. :: | \\
. === Negative output voltage
s . independent of positive
et . i \output voltage p
-3.04 y .,'
-3.5*5 -l|l :. /
§-404 :
45 : J
= (Cross-regulation is Improved ]
| 1.96 1.98 20 2.02 | ‘ ]
time(ms)
Output Voltage Waveform
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Outline

(4)Conclusion

GUNMA UNIVERSITY TAKAI-LAB :Dﬂ 28

2010%F12H13HAEH



Conclusion

-

A new timing diagram Is proposed

- Independent positive and negative output voltage

- Voltage ripple and inductor ripple
less than conventional timing diagram

- Cross-regulation is improved
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