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Abstract: A new variable inductor has been simulated, manufactured and tested. The idea is based on changing the morphology 
of a Galinstain droplet by electrostatic actuation. A drop of 200 µm diameter is used and the applied voltage is limited to 100 V. We 
demonstrate a tunable inductor that simultaneously achieves wide tuning range of 400 % with high inductance from 1.8 nH to 9.1 nH 
with a measured quality factor of 26 at 2 GHz and the self-resonance frequency is 4 GHz. Their results were compared. The conclusion 
showed that simulation results matched well with measurement. The Comparison between our work and other published works show 
excellent performance.
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Nastavljiva mikrofluidna RF MEMS tuljava
Izvleček: Simuliran, izdelan in preizkušen je bil nova spremenljiva tuljava. Zamisel temelji na spreminjanju morfologije kapljice 
Galinstain z elektrostatičnim vzbujanjem. Uporabljena je kapljica s premerom 200 µm, napetost pa je omejena na 100 V. Prikazali smo 
nastavljivo tuljavo, ki hkrati dosega široko območje nastavitve 400 % z visoko induktivnostjo od 1,8 nH do 9,1 nH z izmerjenim faktor-
jem kakovosti 26 pri 2 GHz, samorezonančna frekvenca pa je 4 GHz. Njihovi rezultati so bili primerjani. Zaključek je pokazal, da se rezul-
tati simulacije dobro ujemajo z meritvami. Primerjava med našim delom in drugimi objavljenimi deli je pokazala odlično učinkovitost.
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1 Introduction

Passive RF MEMS (Radiofrequency Micro-Electro-Me-
chanical Systems) components play a primary role in 
modern transceiver and receiver architectures. They 
provide significant gains in terms of miniaturization, 
motivating performance in the gigahertz band as well 
as low power consumption. Many MEMS components 
have been developed for radio frequency application; 
in particular inductors. Micro inductors are used in, 
for example, RF MEMS [1–8], micro-actuators [9-11], 
bio-sensors [12], micro-actuators [13], power MEMS 
[14], energy harvesters [15], transformers and elec-
tromagnetic motors [16]. Most inductors have fixed 
inductance value. The new generations of communi-
cations systems, on the other hand, aim to use very 
wide frequency bands to simplify these systems, re-
duce the number of transmission / reception channels, 
and consequently reduce their costs. To achieve these 

goals, it is important to replace fixed components with 
variable components. [17]. Variable inductors have the 
same performance as fixed inductors; to vary induct-
ance. We can play on several geometric or technologi-
cal parameters as well as on the variation techniques 
[18]. In the work [19] and in order to vary the induct-
ance having discrete values, the researchers used 
micro-relays. Other techniques have been invented 
by modifying the magnetic flux [20-21], or by playing 
on mutual inductance [22-23]. Other works have pro-
posed the micro-fluidic action by using liquids [24-26]. 
The common objective of all this work is to achieve a 
good variation of the inductance, a good quality factor 
as well as a high resonant frequency in the gigahertz 
band allowing the integration of these components in 
the application devices. Until today, none of the pub-
lished structures have corresponded to our objectives, 
namely a high variation ratio, a good quality factor, a 
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variable inductance working in the gigahertz bands. In 
order to achieve our goals, we were able to design a 
new method to vary the inductance. The idea is to slide 
a droplet of Galinstain horizontally above the inductor 
and control it by electrostatic actuation. The structure 
is manufactured and tested. Good performances have 
been shown.

2 Design of inductance

Figure 1 shows the model of the designed inductance 
and the principle used to vary the inductance. The 
structure consists of a planar spiral inductor and a liq-
uid metal such as Galinstain. The metal drop is placed 
above the spiral inductor. 

Figure 1: Model of the designed inductance and prin-
ciple used to vary the inductance.

The planar inductor fabricated on a glass substrate; de-
signed in double circular form with 3 turns with a coil 
20 μm wide, spaced 20 μm. The length of the internal 
diameter is 600 μm so the external one is 1200 μm. The 
basic idea is to place a drop above the metal coils and 
thus modify the geometric parameters of the induc-
tance by short-circuiting a portion of the coil. This al-
lows a reduction in the current path and consequently 
a change in the inductance value. Figure 2 shows the 
steps followed in a clean room to fabricate the induc-
tor. The gold coils were deposited on a glass substrate. 
This manufacturing process requires 3 masks.

A Ti/Au (500 Å/500 Å) seed layer was regularly popped 
on highest side of a 500 μm thick glass substrate. The 
Ti layer was placed to improve the bond, and a posi-
tive photoresist (AZ 4562) was next spotted in order to 
form the electroplating mould (thickness ≈ 5.5 μm). A 2 
μm thick gold were electroplated into the resist mould. 
The photoresist mould was then removed and the seed 
layer was chemically etched. Finaly, a droplet of 200 μm 
is used and the applied bias voltage is limited to 100 V. 
Figure 3 shows a top view of the circular shaped induc-
tor made of gold on a glass substrate.

Figure 3: Photography of one inductor under fabrica-
tion.

Table 1 shows physical properties of materials used in 
fabrication process.

Table 1: Physical properties of materials used in fabri-
cation process.
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3 Results and discussion

This section may be divided by subheadings. It should 
provide a concise and precise description of the experi-

Figure 2: Schematic cross section of the fabricated in-
ductor.
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mental results, their interpretation, as well as the exper-
imental conclusions that can be drawn. The measure-
ments shown in figure 4 were carried out under spikes 
with a vector network analyzer (VNA ‘Vector Network 
Analyzer’) HP 8510 which has a frequency range of 50 
MHz-13 GHz using GSG ‘Ground Signal Ground’ micro-
probe RF tips. The inductance L and the quality factor Q 
were calculated by using the following equations [27]
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Yind, Ymeas and Yopen are the two-port admittance matrix 
the admittance matrices of the measured inductor and 
the open pattern, respectively.

Figure 4: Test bench for S-parameters characterization.

During the measurements droplets of Galinstain [28] 
with conductivity of the order than 3.46 106 S/m at 20º 
C were used. The inductance varies by touching the 
liquid metal droplet upon the spiral inductor shown 
in figure 5. The Galinstain droplet is flattening out as 
applying a voltage. Measurements were taken for 6 
voltage levels applied to the liquid metal droplet for a 
frequency span of 100 MHz to 10 GHz.

Figure 5: Galinstain droplet placed above the spiral in-
ductor for different applied voltage.

As shown in figure 6 (a) the inductor has a peak of 25 at 
2 GHz, and the self-resonance frequency is 4 GHz. The 
quality factor decreases from Qmax = 26 when the ap-
plied voltage is 100 V to Qmin = 12 when it is equal to 
0 V. As demonstrated in figure 6(b), the measured in-
ductance at high frequency increases continuously be-
tween Lmin =1.8 nH and Lmax = 9.1 nH at 2 GHz by apply-
ing voltage. A 400 % tuning range is achieved at 2 GHz.  
 
(a)

(b)

Figure 6: Measured results a Quality factor by frequen-
cy (a) and inductance (b) of a fabricated tunable RF 
MEMS inductor by applied voltage.

HFSS (3D Electromagnetic Field Simulator for RF and 
Wireless Design) software was used to simulate an in-
ductor 3D model structure. Figures 6 show the varia-
tions of the measured results as a function of the volt-
age at a frequency of 2 GHz. 

When the Galinstain droplet is present on the metal 
coils, it short-circuits a portion of the coil allowing a re-
duction in the number of coils of the inductance and 
subsequently a decrease in the value of the induct-
ance. On the other hand, this reduction in the number 
of turns allows an increase in the quality factor shown 
in figure 7(a). The inductance L varies proportionally as 
a function of the number of coils N. The variation in the 
quality factor is inversely proportional to N. 
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Variations in inductance shown in figure 7 (b) values 
have been visualized for different Galinstain contact 
pins on metal coils. You can notice a slight difference of 
around 5% between the measurement results and the 
simulation results. This can be attributed to other fac-
tors due to the existence of an external potential. The 
position of the liquid droplet above the metal coil may 
cause this slight difference. In fact, the drop can either 
be in direct contact with the gold turns, or it can form a 
capacitive contact through a thin layer.

In the presence of the Galinstain droplet, the mag-
netic flux of the inductance infiltrates the Galinstain 
droplet causing the creation of an eddy current induc-
ing a counteractive magnetic field according to Lenz’s 
law causing magnetic loss. When the droplet is moved 
away from the metal spires, the inductance exhibits 
very low loss.

A comparison of the measurement results of this vari-
able inductance with others published and presented 
in Table 2. 

Table 2: Performance comparison published   works 
and our work.
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work

We can notice that our inductor showed good perfor-
mance in terms of variation, quality factor as well as 
reasoning frequency by comparing it with other works. 
The inductance produced is an ambitious solution in 
terms of small size in micrometers, energy consump-
tion, low cost meeting the objectives set at the begin-
ning such as a good inductance variation of the order 
of Nano-henry, a good quality factor in the Gigahertz 
frequency band and a resonance frequency of the or-
der of Giga-hertz. The works cited in Table 1; not been 
able to group all these constraints together. To imple-
ment this inductor in real applications, you would need 
a wrapper or something to keep the liquid metal from 
moving around.

The inductance is modelled by Ls, and the finite con-
ductivity of the metal is represented with the series 
resistance Rs. The capacitive coupling of the windings 
between the input and output is modelled by Cs shown 
in Figure 8. 

Figure 8: Electric Equivalent model for tunable induc-
tor.

The compact model was fitted to the measured S-pa-
rameters. The fitted model parameters for different ap-
plied voltage are listed in Table 3.

Figure 7: Comparison between simulated and meas-
ured inductance (a) and Quality Factor (b) of the tun-
able inductance at 2 GHz by applied voltage.

(a)

(b)
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Table 3: Fitted compact model parameters from Meas-
ured.

Frequency 
GHz

Applied 
voltage

Ls (nH) Rs (Ω) Cs (fF)

2 0 9.1 10 0.83
2 20 8 13 0.85
2 40 5.25 15 0.87
2 60 4.3 17 0.91
2 80 3.1 20.4 0.98
2 100 1.8 24 1.01

The fitted Ls correspond to the measured results in Fig-
ure 6 (b). The Rs does fluctuate with injected fluid, in-
dicating that the proximity effect of neighboring con-
ductors induces some losses. The compact model of 
the inductor serves as a reasonable approximation for 
low frequency performance and gives some insight on 
the effects of the parasitic. The Rs does fluctuate with 
applied voltage, indicating that the proximity effect of 
neighboring conductors induces some losses. The Cs is 
very low since there is no coupling with an underlying 
metal layer, and the crosstalk between adjacent turns is 
not significant.

4 Conclusion

In this work a new variable inductor was designed, 
manufactured and tested. A liquid metal was used to 
vary the inductance. The fabricated tunable RF induc-
tor demonstrates a wide tuning range of 400%. Induct-
ance varied between 1.8 nH and 9.1 nH with a meas-
ured quality factor of 26 at 2 GHz, and the resonant 
frequency is 4 GHz. Variable inductance can be exploit-
ed in the design of mobile communication systems 
for new compatibility and improved electrical perfor-
mance over a wide range and frequency. The Inductor 
considered ambitious in terms of small size, power con-
sumption and low cost. To implement this inductor in 
real applications, you would need some packaging or 
something to prevent liquid metal from moving.
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