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Low-Ripple-Voltage and High-Speed Control System With MEMS
Technology for Load Regulation of Switching Regulators
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Abstract This paper presents new approarches to creating high-performance control systems for DC-DC convert-
ers (switching regulators) targeted for microprocessors power supply applications. Microprocessors 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. (i) First 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.
Also the variable inductor as well as the variable capacitor may be realized with MEMS (Micro Electro Mechanical
Systems) technology. The load regulation detection circuit (which senses load current change) uses a transformer,
a diode-bridge and an operational amplifier. (ii) We also propose to use a servo control technique in a conventional
PWM controller. We have performed SPICE and CoventorWare simulation, and examined the effectiveness of the
proposed methods.
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Fig.1 A switching regulator circuit (buck converter).
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Fig.2 The proposed circuit with a variable inductor using series

inductors and a switch, and a variable capacitor.

|

| . _ !

|

|

|

|

| —t

T “—T Load
} } Regulation
‘ — || Detection
| Switching Circuit
| —

03 0oooooooooMEMSOOOOOOOOOO,0000

ooaOg.
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Fig.6 The proposed low-ripple realization with a variable capac-
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Fig. 7 Principle of the proposed low-ripple realization with a vari-

able capacitor.
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Fig.8 Load current change detection circuit.
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Fig.12 Proposed structure of an MEMS variable inductor.
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Fig.13 Simulation result of the MEMS variable inductor.
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Fig. 14 Proposed structure of an MEMS variable capacitor.
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Fig. 15 Simulation result of the MEMS variable capacitor.

Error amplifier Output
AVref=0.02V
~—

Triangular Wave i
PWM output

\
Error amplifier Output
AVref=0.04V

Ve

\

Triangular Wave
PWM output

AB

016 O0000O0O0O0O0C0OOO.

Fig.16 The principle of the proposed servo control circuit.

Output Voltage[V]

Legend

Y

& trant v(nm)_u

Ny AR AR ARR A

vottage(v)
7
<

o

e
E
5
5%
Ej
o
4
Ef

time(s)

J Legend

o+

>
&
far

b
1

J=:
T
=

current(a)

=
&
E
5
@
5

s2m 53m sam
time(s)

017 0oOOoO0OO0O00oooO0oOo0OoooOoOoOooo.

Fig. 17 SPICE simulation result of the servo control circuit.
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