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Abstract - This paper presents one approarch for high-performace control systems of DC-DC converters
(switching regulators) targeted for microprocessors applications. They demand power supply circuits with
low-ripple-voltage (stability) and fast response for large load change. However, since the stability and fast
response are, in general, trade-off relationship in control systems, it is dificult to satisfy both simultaneously
with conventional approaches. So we propose a completely different method which uses a variable indactor
inside the regulator; its value is automatically adjusted to be large at the steady state to make ripple-voltage
small, while it is to be small for fast response when the load current change is large. The variable inductor
can be realized with two inductors (connected in series or in parallel) and a MOSFET switch. The load
regulation detection circuit (which detects load current change) is designed with a transformer, a diode-bridge
and an operational amplifier. We have performed SPICE simulation to confirm the effectiveness of the proposed
circuit.
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Fig.1: A switching regulator circuit (buck convertor).
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Fig.2: Circuit diagram of the proposed circuit.
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Fig.3: Definition of ripple voltage, response time,

overshoot voltage.
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Fig.4: Output voltages in response to load current
change for L = 1mH, 100uH and 50uH.
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Fig.5: The proposed circuit with an ideal switch.
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Fig.6: SPICE simulation result of the proposed cir-

cuit with an ideal switch (1).

T e E
LLE e ) Ll WO NTH AT

O 7 000000000000 00O0O0ODOOOd
oo (2).
Fig.7: SPICE simulation result of the proposed cir-

cuit with an ideal switch (2).
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Fig.8: SPICE simulation result of the proposed cir-
cuit with an ideal switch (3).
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Fig.9: The proposed circuit with an NMOS switch.
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Fig.10: SPICE simulation result of the proposed cir-
cuit with an NMOS switch (1).
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Fig.11: SPICE simulation result of the proposed cir-
cuit with an NMOS switch (2).
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Fig.12: SPICE simulation result of the proposed cir-
cuit with an NMOS switch (3).

L3
— IL3=lout

switching
regulator |e—=—

L3
switching IL3=lout
regulator switching

regulator

L4 100mA l L4 T
“lout v %Zbms lout
. lout D3 DAE Yooma
posmve \ RO | somd
voltage \ Volew ot
[veont | [veont |
(@) (b) (c)

U 13:0000000oo00g.

Fig.13: Load current change detection circuit.
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Fig.14: SPICE simulation result of the load current

change detection circuit.
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