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Abstract ─ the lens plays important role in the dielectric 

resonator antenna (DRA) for increasing the bandwidth and 

directivity. Also, the liquids like water and ethanol can be noticed 
for developing the DRA for THz application. In addition, the 

liquids are interesting because the level and quality of material 
can be used for designing reconfigurable antenna. For the THz 

spectrum, the liquids can be combined with antenna and 
microwave devices by Microfluidic technology. In this paper, the 

suggested antenna is used to enhance the various factors of the 

antenna and the filling ratio of the channels is noticed to provide 
reconfigurable antenna. The slot antenna with split ring 

resonator and meandered feed is used as the basic antenna to 
provide high Q-factor. Moreover, the results show that this novel 

structure can be used as sensor for material detecting which is 
used to recognize various types of liquids by determining the 

sensitivity of the sensor in the range of 0.5 to 1 THz. The 
proposed sensor is examined for pure water, ethanol and gasoline 

based on the 2nd order model of Debye.  

 

Index Terms – antenna; Terahertz; microfluidic; Lens; 

reconfigurable  

 

I. Introduction 

Various methods have been suggested to design 

reconfigurable antenna for microwave and THz application [1-

2]. Some methods are electrical, such as PIN diodes [3] and 

varactor capacitors [4]. Some methods are physical, such as 

using micro-switches [5] and other types of these antennas are 

based on materials such as the use of ferrites [6], graphene [7] 

and liquid crystals [8]. But each of these methods has their 

own drawbacks and advantages, for example, the use of 

electrical methods requires separate excitation for PIN diode 

or varactor [9, 10]. And in physical methods, an external force 

needs to activate the switch. For using materials in a 

reconfigurable antenna, manufacturing problems are often a 

challenge. 

On the other hand, we should notice that in the design of 

antennas, especially DRA dielectric antennas, the dielectric 

element plays an effective role in increasing the antenna gain 

and bandwidth and also miniaturization [11, 12]. Moreover, 

the effective wavelength of microstrip antennas is proportional 

to the permittivity of the substrate [13]. Therefore, the use of 

substances such as water and alcohol, which have a high 

permittivity, causes great size reduction. So, recently 

extensive studies have been done on this type of liquid 

dielectric antennas [14]. One of them was the design of 

wideband monopole antenna with liquid dielectric in 2006 

[15]. In recent years, several models of DRA antennas with a 

liquid dielectrics and circular polarization have been proposed 

for wireless applications [16]. 

In addition, the THz antenna technology has been 

developed for various goals such as cancer detection [17] and 

antenna with different forms have been developed of patch 

antenna with photonic crystal [18], dipole antenna [19], slot 

antenna [20], and Yagi antenna [21-22]. However, to detect 

material under test for the THz spectrum using metasurface 

[23] and absorbers [24] are more interesting than antenna. 

Furthermore, the microfluidic technology has been used for 

transferring material [25] which can be noticed for sensing and 

material detection [26-27] and also it can be used for making a 

lens because of the higher refractive index of liquids such as 

water.    

Moreover, the reconfigurable antennas that can work at 

multiple frequencies are essential to reduce operating costs in 

the communications industry. So recently research has been 

done for using liquid dielectric as a reconfigurable antenna 

based on a micro pump for controlling the water level [28]. In 

addition, Using suspended nanoparticles (emulsion) by 

exciting with an external field, in which a special electric field 

or magnet can be applied to the liquid dielectric [29,30] , and 

as a result, the polarization of the particles causes a change in 

the electrical and magnetic conductivity, permittivity and 

permeability and it can be interesting for future studies [31].  

So, based on the previous researches, in this paper a 

combination of the microfluidic and THz antenna technology 

is considered as technique for controlling the antenna behavior 

including directivity, bandwidth and operation frequency. In 

this study, the slot antenna is developed for THz application 

and then liquid dielectric load based on microfluidic is added 

to the basic antenna by placing the micro channel over the 

antenna surface. This antenna shows reconfigurable 

characteristic by changing the volume of liquids in micro 

channels. In addition, it can be used for material recognition 

and in this study, the water, ethanol and gasoline are tested. 



II. The antenna design and modeling  

The slot antenna is considered as the basic antenna (step 

1) which is excited by meandered feed line with the total 

length and width of 410 and 10 µm. The result shows this 

antenna has wide bandwidth and low Q-factor. So, in the 

second step (step 2) a split ring resonator is added to basic 

antenna. It reduces the bandwidth of antenna and increases the 

Q-factor. Finally, the micro channel is placed over the 

proposed antenna to pass liquid for either enhancing the 

antenna directivity and bandwidth or detecting material as a 

sensor in the step 3. 

 This antenna is excited by a waveguide port which plays 

the role of photo-mixer and the simulations have been done 

with CST microwave studio as a full wave software with open 

and space boundary for every direction. The lossless quartz 

with permittivity of 3.75 and the thickness of 10 µm is used as 

the substrate of this antenna and the meandered feed line is 

placed under the substrate. 

 A rectangular aperture is made on the ground layer of 

antenna. Then the SRR is pinpointed in the aperture for 

concentrating energy in the antenna for reducing bandwidth 

and Q-factor. Apparently, the gaps in the SRR can make hot 

spot for trapping energy. The gold is used for metal layer with 

the height of 0.1 um. At last, a thin film of PDMS 

(polydimethylsiloxane) with permittivity of 2.3 is placed on 

the split ring with the thickness of 2 µm that demands for real 

experimental fabrication. 

The microfluidic with height and width of 18 and 78 µm 

are placed over the PMDS layer. The lossless silicon is 

selected for the proposed micro channel with permittivity of 

11.9. The Fig.1 (a) shows the proposed antenna ground layer 

with the SRR and the feed line is shown in Fig.1 (b). The 3D 

view of antenna and microfluidic placement is presented in 

Fig.1(c) and all dimensions of the proposed antenna are L1 = 

200 µm, , L2 = 100 µm , L3 = 55 µm , L4 = 40µm , L5 = 100 

µm , L6 = 40 µm, L7 = 100 µm , L8 = 300 µm , L9 = 250 µm , 

L10 = 100 µm , L11 = 18 µm and L12 = 150 µm . 

 
(a) 

 
(b) 

 
(c) 

Fig.1 the geometry for the proposed antenna (a) feed line (b) the ground layer 
with SRR (c) placement of the Microfluidic over the ground layer 

III.   Discussions and Results of the antenna 

The return loss of the antenna in the Step 1and 2 are 

checked and presented in Fig.2 in the range of 0.5 to 1 THz. 

As shown here, in the step 1, the antenna bandwidth in 

absence of the SRR covers 0.75 to 0.822 THz and it is about 

29 %. In this case, the minimum value of the return loss is -18 

dB. The Q-factor of the antenna can be obtained by Eq.1 

where the f0 is the operation frequency. The Q-factor for this 

case is about 16.8, but when the SRR is added to antenna 

ground, the antenna bandwidth is reduced to 14.7%. In this 

case the minimum value return loss is -24 dB and antenna Q-

factor is 39.1.  
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Fig.2 the return loss of the antenna in presence and absence  of the SRR 

The current distribution for the proposed antenna is 

presented in Fig.3 at 0.82 THz. As shown in Fig.3, the feed 



line coupled with the SRR and the current makes a loop in 

SRR and also the field concentrates in the SRR which causes 

the higher Q-factor. On the other hand, as shown in Fig.2, the 

antenna without SRR has lower frequency because the feed 

line effective length is longer but when the SRR interacts with 

the feed line, it reduces the effective length, and therefore a 

frequency shift to 0.82 THz is visible.  

 

Fig.3 the antenna current distribution at 0.80 THz 

To realize the effect of the gaps on the antenna Q-factor, 

the gaps width (L11) is checked for 2 to 18 µm. As shown in 

Fig.4, the antenna with larger gaps has higher Q-factor, or in 

other words, the return loss (antenna matching) improved and 

it reduces to -31 dB for L11 = 18 µm. 

 

Fig.4 the return loss of the antenna for various SRR’s gaps size  

Recently various studies have been done for extracting 

the permittivity of alcohol [32-35], gasoline [34] and water 

[36-37] in the THz spectrum in the range of 0.5 to 2 THz. The 

Debye second order is used for modeling the liquid material in 

the THz spectrum [34, 38-40]: 
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The ε∞, εS, ε2, τ1 and τ2 are temperature dependent of 

high frequency permittivity, static dielectric constant, 

intermediate frequency limit, slow relaxation time, and fast 

relaxation time. 

 

Table.1 2nd order Debye model coefficients for several types of alcohol and 

water 

τ2[Ps] τ1[Ps] ε2 εS ε∞  

0.182 7.92 5.29 78.3 3.23 water 

8.97 163 4.44 24.35 2.12 ethanol 

0.05 3.18 2.06 2.36 1.96 Gasoline 

 

The real and imaginary part of the permittivity of the pure 

water, ethanol and gasoline are presented in Fig.5 which is 

used in the microfluidic channel for sensing.  

 
Fig.5 the real and imaginary permittivity of the water , ethanol  and  gasoline 

The return loss of the antenna for the pure water, ethanol 

and gasoline are compared with the vacuum channel for L11 = 

18 µm. By filling the channel with the liquid, the operation 

frequency shifts to lower frequency and in addition, the loss 

which is made by the imaginary part of the liquid impact on 

the level of the return loss where the return loss for the 

proposed empty sensor channel is -33 dB and this value is 

changed to -31dB for the gasoline and ethanol and the water is 

known as a lossy material thus the return loss value is obtained 

-22 dB at 0.8 THz.  

 

Fig.6 the return loss of the antenna for various material for sensing  

The comparisons between three materials are presented in the 

Table.2. The Q-factor, BW, FOM and sensitivity are 

considered for recognizing the material in the microfluidic 



channel. For calculating the sensitivity and FOM the Eq.3 and 

4 can be used where the Δf is the frequency shift, Δn is the 
refractive index variation and the FWHM is Full width at half 

maximum of the return loss. 
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Table.2 comparing the sensor with different materials  

 Q-factor BW FOM 

RIU-1 

Sensitivity 

(GHz/RIU) 

Gasoline 86.36 17.15% 1554 14.77  

Ethanol 86.84 17.31% 1534 14.58 

Water 23.1 18.49% 441 15.44 

As shown in Table.2, the material under test can be 

recognizing by their effect on antenna parameters. Here, the 

water makes a great frequency shift, so despite of higher Δn, it 
has sensitivity of 15.44 GHz/RIU) , but because of wide 

bandwidth and lower Q-factor, the FOM shows reduction in 

comparison the ethanol and gasoline.  

As a result, Fig.6 shows that antenna with filled micro 

channel by water has wider bandwidth in comparison with 

gasoline and ethanol. Thus this material can be used to 

develop this antenna by adding a few new channels to the 

surface of the antenna. The implementing three channels over 

the proposed antenna filled with water or vacuum is presented 

in Fig.7. So, here there cases are selected for examining the 

effect of the water on antenna directivity, bandwidth and 

frequency shift. In the first case all channel are filled by water. 

In the second case, the Ch.1 is assumed vacuum and only Ch.2 

and Ch.3 are filled by water. Finally in the third case, only the 

Ch.2 is filled by water.  

 

Fig.7 the implementing three channels over the proposed antenna filled with 
water or vacuum 

The return loss of the antenna for three cases is presented 

in Fig.8. As shown in Fig.8, the antenna operation frequency 

shifts to from 0.8 to 0.73 THz by increasing the volume of the 

water in the channel, but water loss reduces the Q-factor of the 

antenna. On the other hand, the bandwidth of antenna 

increases from 18.65% to 49% from the case 1 to case 3.So for 

THz wireless application, for increasing the band width of the 

antenna, the liquid dielectric can be used as a solution. 

Moreover, as this antenna has reconfigurable characteristic to 

allocate special frequency for sending and receiving difference 

volume of the liquid can be used. 

 

Fig.8 return loss of the antenna for three cases with various volume of water 
in channels 

The directivity of the antenna in three cases are presented 

in Fig.9 and for the case 1 , the antenna directivity is 4.69 dBi 

and the antenna directivity increases to 5.22 dBi for the case 2 

when the Ch.2 and Ch.3 are filled by water. When all channels 

are field by the water, the directivity increases to 5.43 dBi.  

  
 

(a) (b) (c) 

Fig.9 the directivity of the antenna for three cases (a) case 3: Ch.2 is filled (b) 
case 2 : Ch.2 and Ch.3 are filled (c) case 1: all channel filled  

IV. Conclusion 

In this paper, combination of the microfluidic structure 

with slot antenna was considered for sensing and recognizing 

the pure water, ethanol and gasoline based on the frequency 

shift and Q-factor. In addition various topologies of the micro 

channel were suggested to use the microfluidic technique with 

water for increasing the antenna bandwidth and gain besides 

designing a reconfigurable antenna in the THz spectrum. 

Therefore, combining the microfluidic technique and antenna 

can be developed for sensing and communication application 

at the same time.  
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