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Abstract— This letter presents the fabrication and the 

modeling of a continuously tuned microfluidic capacitor. On one 

hand its electrodes are realized by classical electrodeposition 

techniques and on the other hand, the lamination of SU-8 films 

allows superposing some microfluidic channels. According to the 

experimental results, the capacitor value increases continuously 

following the deionized (DI) water penetration in microchannels. 

The capacitance variations are comprised between Cmin = 0.52 pF 

and Cmax = 18.5 pF, allowing a wide tuning range that reaches 

3460% at 500 MHz. The quality factor decreases from Qmax = 69 

when the capacitor is empty to Qmin = 5.3 when it is fully filled 

with DI water. We have also investigated the theoretical aspects 

of our device by modeling the electric field and the current 

distributions inside the channels: when they are entirely filled 

with the DI water, the electric field is cancelled. 

Index Terms—MEMS, capacitor, tuning, fluid 

I. INTRODUCTION

Microfluidic MEMS are widely used to control the microwave 

devices in different configurations and many applications [1] 

requiring reconfigurability. The most used configurations are 

based on two complementary approaches: contact-based 

shortening [2] and contactless RF-shortening [3]. The common 

advantages of these microfluidic-based structures can be 

summarized as follows: low insertion loss, high power 

handling, high frequency response, and ease of fabrication. 

Nevertheless, the liquid movement in microchannels needs an 

actuation pump and a reservoir tank that leads to increase the 

size and the complexity of the structure. 

In this letter we are interested by the contact-based RF-

shortening. Our main idea is to change some RF characteristics 

of a microwave capacitor by using the deionized (DI) water as 

a dielectric. In the second section we present the layout and the 
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fabrication of our structure with detailed dimensions. The third 

section summarizes the performances of the device for 

different positions of the DI water between electrodes. The 

distribution of the electric field and the current density in the 

structure allows understanding some particular phenomena. 

Hence, the presence of a fluid with high dielectric constant 

could cancel the prevailing electric field between the capacitor 

electrodes. Knowing that our approach allows to control the 

different positions of the DI water in the channels, it is easy to 

predict a capacitor’s range of values or to modify them on 

demand. 

II. CAPACITOR DESIGN AND FABRICATION

The proposed structure is based on dual circular electrodes as 

shown on Fig. 1(a). This geometry has been used in 

microfluidic structures to control magnetic beads by 

modulating the magnetic field [4] and to vary the inductance 

value of a microwave coil [5]. 

(a) 

(b) (c) (d) 

(e)    (f)    (g) 
Fig. 1: (a) Tridimensional view of the microfluidic capacitor and its cross 

section; the six fluidic positions in the channels: (b) POS1 (c) POS 2 (d) 

POS3 (e) POS4 (f) POS5 (g) POS6. 
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The dual circular electrodes present the following 

characteristics: W = 15 µm width, G = 20 µm gap, and the 

inner diameter close to ID = 200 µm. The different fluid 

positions studied in this work are indicated in Fig. 1(b-g). 

The microwave capacitor (Fig. 2(a)) is realized by using a 

mixed process: the structuration of the metallic electrodes is 

carried out by electrolytic growth and photolithography; on the 

other hand, the fluidic parts are obtained by laminating a 

patterned photoresist SU-8 film. The detailed fabrication 

process has been developed previously and applied 

successfully to other devices [5]. 

The cross section of the structure (Fig. 2(b)) allows to observe 

the rectangular aspect of microfluidic channels and to measure 

the height of the channels (CH = 50 µm) and their width (CW 

= 200 µm), with a separation of S = 100 µm. The used 

substrate is a glass Borofloat 33 (Br33) having H = 500 µm of 

height. 

 (a)       (b)  
Fig. 2: (a) Photography of the capacitor under test (b) cross section of the 

superposed layers constituting the capacitor device. 

III. MEASUREMENT RESULTS AND DISCUSSION:

The device is electrically characterized by using ground-

signal-ground (GSG) probes and a vector network analyzer 

Agilent 8510. 

A. Quality factor variation:

The quality factor of the passive components represents an 

important parameter for RF circuits as VCO, LNA, and filters. 

All these devices require a high quality factor in order to 

decrease their phase noise, insertion loss, and power 

consumption [6]. In our case, we study the influence of a 

particular fluid on the quality factor of our device. It will be 

measured for six particular positions of DI water present in the 

channel for frequency varying from 100 MHz to 10 GHz. The 

results reported in Fig. 3(a) show that the value of the quality 

factor decreases by following the DI water penetration in the 

micro channels. To highlight this influence, we have reported 

in Fig. 3(b) the quality factor variations at 500 MHz for each  
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Fig. 3: Measurement of the quality factor of our device (a) in response of 

frequency (b) in response of DI water positions at 500 MHz. 

of the DI water positions in the channel: it can be observed 

that it decreases continuously from Qmax = 69 when the 

capacitor is empty to Qmin = 5.3 when the channel is full. 

This result can be explained by the modification of the electric 

field in the channels: it is due to the presence of the DI water 

acting as a partial dielectric layer. To search possible 

improvements of our approach, we have used a finite element 

method tool (HFSS software) to model the electric field 

distribution in the channels for each of the six positions of DI 

water: the principal results are summarized in Fig. 4. 

(a) 

(b) (c) (d) 

(e)      (f)      (g) 
Fig. 4: Electric field distribution at 500 MHz for the different positions of 

water (a) POS0 (b) POS1 (c) POS2 (d) POS3 (e) POS4 (f) POS5 (g) POS6. 

The first color map of the Fig. 4(a) shows the electric field 

distribution when the capacitor is empty. We can observe that 

the maximum electric energy is prevailing inside the micro 

channels namely between the electrodes. Knowing that the air 

permittivity is lower than the SU-8 one, the micro-channels 

represent the containment medium for the electric field. When 

we introduce the DI water between the capacitor electrodes, 

the electric field disperses into the SU-8 medium as shown in 

Fig. 4(b). Hence, we can observe in Fig. 4(c-f) that for the 

other fluid positions, the repartition of the electric field in 

micro-channels changes significantly. For the situation shown 

in Fig. 4(g) the capacitor device is fully filled with DI water, 

and we can observe that the electrical energy is transferred 

from the micro-channels medium to the whole structure in 

equiponderant way. These results can explain the drastic 

diminution of the quality factor of the device when the DI 

water occupies the different positions in the micro-channels. 



 

B. Capacitance variations:

For each of the six positions of the DI water, we have carried 

out the capacitance measurements for frequency varying from 

0.1 GHz to 4 GHz. The results reported on Fig 5 show similar 

behavior with noticeable changes in resonant frequencies from 

690 MHz (POS 6) to 1.2 GHz (POS 1). 
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Fig. 5. Measurement results of the capacitance value (a) in response of 

frequency (b) in response of DI water positions at 500 MHz. 

It can be observed also that the capacitance value increases 

continuously with the presence of the DI water in the channels. 

To evaluate the span of the capacitance variations, we have 

reported on Fig. 5(b) its values at 500 MHz for the six 

positions of DI water: Cmin = 0.52 pF when the device is 

empty; Cmax = 18.5 pF when it is fully filled. We obtain hence 

a tuning range of Tr = 3460%, which is very high compared to 

Tr = 800% of the conventional switched capacitor [7]. In the 

literature, continuous MEMS varactors with TR of 2000-

3000% have been reported [8-10] and the ability to reach such 

tuning levels is possible with microfluidic approach. 

(a) 

(b) (c) (d) 

(e)      (f)      (g) 
Fig. 6: Electric current distribution for the different DI water positions: (a) 

POS0 (b) POS1 (c) POS2 (d) POS3 (e) POS4 (f) POS5 (g) POS6.  

To go further in the analysis, we have investigated the electric 

current density variations occurring at the electrodes surface 

for 500 MHz. As we can see on Fig. 6(a-d), the electric current 

density increases continuously in the capacitor electrodes in 

response to the DI water displacement and reaches its maximal 

value for the position POS4 (Fig. 6(e)). Furthermore, one can 

observe in Fig. 6(e-g) that the electric current density 

continues to increase on the electrode surface used as electrical 

ground according to the water positions. These observations 

could explain the increase of the capacitance value in response 

of the DI water displacement. 

C. Insertion loss variations:

In order to evaluate the influence of the DI water displacement 

on the insertion loss (IL) response, we reported in Fig. 7 the 

measurement results of the transmission gain at the frequency 

range from 100 MHz to 3 GHz for the six DI water positions. 
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Fig. 7. Measurement results of : (a) S21 gain in response of frequency ; 

(b) insertion loss in response of DI water positions at 500 MHz.

We can conclude from the reported results in Fig. 7(a) that the 

microwave capacitor acts as a tunable bandpass filter 

following the DI water displacement. The frequency band is 

larger when the capacitor is empty and decreases with DI 

water penetration in microchannels. In addition, we have 

collected the insertion loss value at 500 MHz for each DI 

water position as illustrated in Fig. 7(b). It is obvious that the 

insertion loss decreases from IL = -18.63 dB at (POS0) to IL = 

-0.44 dB when the capacitor is fully filled (POS6). These

results reveal the importance of DI water that improves the

transmission gain of the microwave capacitor.

IV. CONCLUSION

This letter investigates the effect of a dielectric fluid as DI 

water on the tunable capacitor performances. We have 

designed and fabricated a dual spiral capacitor by using a 

microfluidic based structure. The capacitance value is minimal 

when the structure is empty (Cmin = 0.52 pF) and increases 

continuously with DI water penetration in microchannels to 

reach Cmax = 18.5 pF. We obtain a high tuning range Tr = 

3460% whereas the quality factor decreases from Qmax = 69 to 

Qmin = 5.3. The associated modeling allows to explain the 

cancellation of the distributed electric field in the micro 

channels and the increase of the current density in the 

electrodes in response to the DI water displacements. In the 

future, this theoretical investigation would be useful to explain 

the experimental results and to predict the response of 

microwave devices using dielectric fluids. 
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