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A Large Variable Ratio On-Chip Inductor with 
Spider Legs Shield

Radio Band Spreading Widely

Inductor on Si RF Circuit MEMS Actuator
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MEMS actuator is used for moving the metal
plate above the spiral inductor

A chip can support
only a narrow band.
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Example of Si RF Circuit
on-chip
inductor Inductance depends

on the shape.

Inductance values
are constant.

Impossible to
support wide band.

If inductors can have variable
inductance value, Si RF
circuits that support wide
band can be realized.

Conventional Variable Inductor

Metal Plate Metal Plate

Metal plate cancels magnetic flux. But...
 

Some of fluxes cannot be canceled.

Proposed Variable Inductor

Metal Plate Metal Plate

Shield metals cancel the undesired flux.
Φmax/Φmin increases. Thus, variable
ratio increases.

1. Background

2. Proposed Structure of Variable Inductor
Shielding Magnetic Mechanism

The magnetic flux
penetrates the
metal plate.

Eddy current flows
in the metal plate.

Induced a counter-
active magnetic
field according to
Lenz's Law.

The metal plate
shields the
magnetic flux.

Inductance value
is changed.

Change of the
magnetic flux 

3. Result of Simulation
Simulation Method

outer diameter   D = 300 µm
line width    W = 20 µm
line space     s = 1.2 µm
shield width    W = 20 ~ 250 µm

height of metal plate    h = 10 µm or 
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h

7.65 µm

0.95 µm

Shield metals consist of 5 layers from M5 to M1.
The inductor is made in M5.
Simulation is performed by HFSS(Ansoft).

Variable Range of Inductance Value

The variable
range @ 5 GHz

The variable
ratio @ 5 GHz

conventional

proposed
(W = 165 µm)

1.03~2.59 nH

0.83~2.37 nH

2.53

2.87
14% up

4. Conclusion
The maximum variable ratio of inductance is 2.87 @ 5 GHz・
The variable ratio increases 14% @ 5 GHz・

The proposed variable inductor can be applied to Si CMOS RF circuits,
and improves the tuning range of circuits.

Variable ratio r is calculated as follows.
r = Lmax/Lmin
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It is assumed to use 0.18 µm CMOS process.
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Magnetic Field around the Inductor

Simulated by HFSS(Ansoft).
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Magnetic flux is
reduced by the
shield metal.
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