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Abstract

This paper presents new approarches to creating high-performance control systems for DC-DC converters (switch-

ing regulators) targeted for power supply applications. Power supply circuits demand both low-ripple-voltage in the

steady state (stability) and fast response for large load changes. However, since in general stability and fast response

are trade-off in control systems, it is difficult to satisfy both simultaneously with conventional approaches. We

propose a completely different method which uses a variable inductor and a variable capacitor inside the regulator;

the inductor and capacitor values are automatically varied so that they are large in the steady state to minimize

ripple, and small for fast response when the load current changes rapidly. The variable inductor can be realized with

parallel or series inductors connected a MOSFET switch. The load regulation detection circuit (which senses load

current change) uses a transformer, a diode-bridge and an operational amplifier. We have performed SPICE and

CoventorWare simulation, and examined the effectiveness of the proposed methods.

goooooooobooOooob,0obobooOo,0b00b0, MEMSODO
(Switching Regulator,Variable Inductor, Variable Capacitor, MEMS )
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Fig.1. A switching regulator circuit (buck converter).
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Fig.3. The proposed circuit with a variable inductor us-

ing series inductors and a switch.
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Fig.5. SPICE simulation result of the proposed a vari-

able inductor using series inductors and a switch in Fig.4.

0000000000000000000.
00000000000000000000000 (O 4(c)).
00000000000000000000000000
0000000000000.0000000000000
00000000,L,0000000000,000000
0000000000000000000.0000000
00000000000000000000000000
0000000000000. 000000000000
000 SPICEDOONOOOOOOOODOO.
000000000000 5000.00000 ONO
000 OFFOD0DO (0 5(b), 0000 V,, 000000
00000000. 000000000000000 (0
5(c)),0000V, 00000000000,

0330 00000000 0O6()O00000000
0000 Ve 00000000000.06(b)0000
0000000000,()00000000000000
0000000000000000000000. 000
00000000000 7000. 00000 (1)000
0,(2000000000,@)00000000000,
00000000000000o00.

()L3014000000,30000000OODODOO
goooo.

(2)L40000000000000O.
(3)000ooooooOoooOo,0ogovoooooo
gboooboobooooboooooboooooobooboon
goooMoSOOODOOOOoOooDOobOoOoOoOg.

3/6



Switching

Vout

Regulator

LO-&) %
P lout
Vdd Vo
Vcont _ E}-ﬁ
i J; RF Rs

LP Filter
(a)
L3 B
Regulator LQ&) Vout
" 7 lout
/ 100mA
Vcont D2 0
R)/O?’itive D
Vdd oltage
<
- Rf
(b)

— L3 1L3=
Switching —>» [ L3=lout
Regulator (ﬂﬂ) Vout

lout
(?OOmA
Veont I 10
Positive 7
Vdd Voltage

(c)

06 0D0ODO0OD0OODDOOO Veone DODODO.
Fig.6. Load current change detection circuit.

ooobobobonDg M=k
gv,goooooooo.

dIout dIQ
—— + Rolo+ Ls—-.
I + 2+ La P

ugbo,R,, ,O0O00OOOO0OO,

dlout
dt

Vo=M

Voo M

Lar,0ggoog

/--Output  Current:lout[A] \

/

etz

Veont[V] |

vrlv] f e

otsoecr)

07 0D0OD0O0O0ODOOOOOOSPICEOOOODOOODO.
Fig.7. SPICE simulation result of the load current

change detection curcuit.

D00.00000000G=1+4

OO0 Veone O

goboo,ooan

R dlu
Voot G x Vo = (14 R%)(k L La= ")

OO0O0,Ry,, R 00000000 DODOD,00DO0000O
gobooooo Vveee DOOOOOOOOOO. OO,LPF
0000 T=RCO0O0,Veere O “0000 00000
gboooobooboooboobooooboooooobooboon
O000. (boooooooooooooy

4, SPICE0OU0OO0OO0OO0OOOOOOCOOOOO
ggoobb3ygoobbbooooo,bbbogoo

gobobooobo,obbooooboooboobooo,on

00O0000D0OO0DOOo0obDOoDOooO seiceE0OdnOOO
goooogooo
e00000DODOODODOODODODOOODN
0000 Vpeak-to-peakl .
eJ00000D0ODOUODOUDUODODOODODOOO
00+ 3000000bOoOobOooo.
Jo0o0o0oooooooboooo NMOSOODOODO. O
0000 OFFOD0OO,000000000000 L14L2=
3opH ODOO0ODLOO0ODO0O 2mVOOO, L=30pH O
goooboboboboo wsmVOOOooooooo. O
goobooNOOOoO,000b00000o00obod L1go
o000 oemsO000O,L=05pHO00000D0O0OO0O
Oo6oms 0O000ODOOO0OOODOODOOOODOODOO. DO
goo0obOobooOooOobOooboOooOoboboooooboo
oo0o00,000000b0oo0ooboobooogooo

oo0oo0ooooOo,0b00000o0ooooooooao
O av a2

5, JO0O0OODOOOOOO

gbooboobobooobooboooobooobooona
gboob,000b00 Looooooooooooooon
gooooooboooooooooooooboo. boo
gooobooboooooboboooooboooooboo
gooooobooooa.

4/6



L

Vout

lout

aa '
Cout Load ‘.— | o
Vr 'ﬂ Luﬂ)_ | I

o - %
" 4
7
L | Vout Voo vas

+AQ lout 7
J_ J; Rf g
Vr

Cout
Load l
010 O0ooooooood.

Fig. 10. Detailed description of the proposed circuit.

= —
L

/ lout
08 ODUOOODOOOOOOOOoOOoOoOoO. /

Fig.8. Principle of the proposed low-ripple realization

ri(s)
—

with a variable capacitor.

Ao E] 5Em B 55m ™ 7

7
Proposal Gircuit L=30uH Fixed Vout

L3
—IL3=lout

i U e — '
.............................. Positeve 22 L=0. 5u Fixed: \\{W§
Voltage - \ 7/
out e Time
100mA
IV 0 01 000000 (0100 SsPICE0ODODOOOD
Vrl oo.
Fig. 11. SPICE simulation result of the proposed curcuit
Vi-2 in Fig.10.

Switching Vout

Regulator /| D a— 0000000000000000000000000.
e, 00000000000000000000 v, 000

00 (09 0,(1)0000,((DI00000000, (3)
Rs2 4
Vr Rf2 D3 T
Vrl
Vo
Vi-2

Tout
T wT_ 000000, O000000000000000,00
0
00DO000O000O00OoO.

(1) L30L4000000,L30000000000000

goooo.
e R (2) 400000000000, 00000000000
(b) ooooo,0b0000obboooooooo vioo

09 00000000 V0000, oooo.
Fig.9. Load current change detection circuit. (3)bbooboooobOobboobbo viooooo

0D0000000,VvoO0O00000000000000
0000.(Viei, Viea)
(4)vi_,01000000,V,00 Vi, 00000, Vie
01000000,/ 000000000.
000000000000 7000.

ooboo .. 000000000 000O0O00O0000
V., 0oooooooooooooooobooog.

gspooooooooooobooooboobgoD. bo
U00L.00000000000800M, Coue OO

gbooooooobob,oboobooobobobooog gboobooboboobooboobooooboooooba
goboooboooooooobooob.oo,00b0o000 O10,SpPicEODOOODOOOOOOO 11000, O
gooobooobobo oo, G, 00oooooooo ooooooobooobobooooob 2smmvVOoOoOoon
gobo,00000o000obo0oooboobooboboooooo ooboboz2omvVOUOO,L=30pkHO00000000O0OO
goboooobooooboooo,booobooooo.ao gbobilsmvVOoooooo,ob00booooa.

5/6



gboobg,0o0o0o0o0oo,bobooooboboob,o
gooooo,boobo,0oboobooboobog
gooooobooooo spicebbooooooooon
gi1oo0o0oad.

01 0oo0oooao

0000 [ms] [00D0000 [V]
00000L=0.5uH 0.6 7.0
0000 0L=30uH 2.5 1.8
0000O0LOO 0.6 2.5
ooooocoo 1.9 0.5
00000LO cOO 0.8 2.0
6. 0 O O

goooboboooboobooooboboboobobo
gobodoooboo,booooboooobooooobooadg
gbobobo. oboboboooboooboooobooog
goboooboooobo,0oboooboooooboobogoo
goobobo. oboboboooboobooooboooog
gooooooooooobob,0bobooboboooo
gobooooobooooboo,0coooooboogo
goboboooboooooo,00bo0oobooboo.oboboao
gbooSspicedboooooooooboooog.

gbooooboobooobobooobobooooboooboog
goboo ooooo,bo0boo,0coobo0ooooo
oo oboboo,0bobooobuob,oboboobo oo
gboooooboooog.

ooog

010 http://www.intel.com/design/Pentium4/guides/30235
6.htm

020 00 2003-533754; DCOOOOOOOOOOOOOO
goooogoooooo,”og, 2008.

0 30 T. Nabeshima, T. Sato, S. Yoshida, S. Chiba and
K. Onda,” Analysys and Design Considerations of a
Buck Converter with a Hysteretic PWM Controller,”
35th Annual IEEE Power Electronics Specialists Con-
ference, pp.1711-1716, Aachne, Germany, 2004.

0 40 J. Zhao, T. Sato, T. Nabeshima, T. Nakano," Steady-
State and Dynamic Analysis of a Buck Converter Us-
ing a Hysteretic PWM Control,” 35th Annual IEEE
Power Electronics Specialists Conference, pp.3654-
3658, Aachne, Germany, 2004.

0 50 X. Zhou, X. Zhang, J. liu, P-L. Wong, J. Chen, H-P.
Wou, L. Amoroso, F. C. Lee and D. Y. Chen,” In-
vestigation of Candidate VRM Topologies for Future
Microprocessors,” Proc. of Applied Power Electronics
Conference and Exposition, pp.145-150, Anaheim, CA,
Feb. 1998.

0 60 P-L. Wong, X.Zhou, J. Chen, H-P. Wu, L. Amoroso,
J. Liu, F. C. Lee, X. Zhang and D. Y. Chen,” VRM
Transience Study and Output Filter Design for Future

Processors,” Proc. of VPEC Seminar, pp.1-7, Blacks-
burg, VA, Sept. 1997.

0 70 X.Zhou,P. Xu and F. C. Lee,' A High Power Density ,
High Efficiency and Fast Transient Voltage Regulator
Module with a Novel Current Sharing Control Tech-
nique,” Proc. of Applied power Electronics Conference
and Exposition, pp.289-294, Dallas, TX, Mar. 1999.

0 80 P.Hazucha, G.Schrom, B.A.Jachong Hahn Bloechel,
P.Hack,G.E.Dermer, S.Narendra, D.Gardner, T.Karnik,
V.De, S.Borkar," A 233 MHz 80%-87% Efficient Four-
Phase DC-DC Converter Utilizing Air-Core Induc-
tors on Package,”IEEE J. Solid-State Circuits, vol.40,
pp-837-845, 2005.

090 S. Abedinpour, B.Bakkaloglu, S.Kiaei,’ A Multi-Stage
Interleaved Synchronous Buck Converter with Inte-
grated Output Filter in a 0.18um SiGe Process,” Tech.
Digest of ISSCC, Feb.2006.

0100 T.Y. Man, P.K.T.Mok, M.Chan, A CMOS-Control
Rectifier for Discontinuous-Conduction Mode Switch-
ing DC-DC Converters,” Tech. Digest of ISSCC, Feb.
2006.

0110 00,0000,0000,00000 ODODDODOOOOO
000o0oooooooooooooo"oooooon
0oo0o0o, ECT-05-53, 2005.

0120 OOOO,00,000,0000,0000,00000”
0ooo00ooooDooo MEMSOOODOOOOOO
gooooooooo,,00oo,vol.106,n0.53,pp.31-36,
May.2006.

0130 T. Daimon, H. Sadamura, T. Shindou, H. Kobayashi,

M. Kono, T. Myono, T. Suzuki, S. Kawai, T. Iijima,

Spread-Spectrum Clocking in Switching Regulators
for EMI Reduction,” IEICE Trans. on Fundamentals,

vol. E86-A, no. 2, pp.381-386, Feb. 2003.

0140 O0OO00,0000,0000,0000,000,000
0, MEMSOOOOOOODOOOOooooo,"oo0
good0oooO0 180 oopooooooooboooo
00000, pp.413-418, 2005.

0150 M.Kono, K. Kimura, T. Komuro, H. Kobayashi,
T. Taura, H. Sunaga, H. Sakayori, Y. Ya-
suda,” Designing Variable Inductors with MEMS Tech-
nology”, IEEJ International Analog VLSI Work-
shop,Bordeaux, France,Oct. 2005.

“

6/6



