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T-Junction Loaded with Interdigital Capacitor for 

Differential Measurement of Permittivity 
 

Pejman Mohammadi1,2, Ali Mohammadi, Member, IEEE, and Ali Kara, Senior Member, IEEE   

Abstract— The microwave sensors have been successfully used 

for permittivity measurement. These sensors suffer from limited 

sensitivity and environmental effects. This paper presents a novel 

T-junction highly sensitive microwave sensor for permittivity 

measurement of low loss solid materials. The proposed sensor 

operation principle is based on downshifting the transmission zero 

of the outputs of T-junction with the coupling of the material 

under test (MUT). The sensing section consist of an interdigital 

capacitor (IDC) located in between the lines of the T-junction. IDC 

is directly connected to output arms of T-junction so that it could 

disturb the outputs strongly. Any change in electric field 

concentration in IDC directly is transmitted to the outputs and is 

translated as TZ change.   Design steps including T-junction and 

IDC effects on outputs are presented in details. The sensor 

operation principle is described through an equivalent circuit 

model which is validated by simulation and experimental results. 

Two outputs of the proposed sensor show the same electrical 

performances which allow differential operation mode. Hence, 

cross sensitivity due to environmental factors can be tolerated by 

the sensor.  Measurement results of the fabricated prototype shows 

𝟏𝟏𝟐 𝑴𝑯𝒛 frequency shift per unit permittivity change, and a 

normalized sensitivity of 3.9 %, which are larger than available 

similar sensors. The proposed sensor is implemented on a  

𝟐𝟐. 𝟐𝟐 × 𝟏𝟖. 𝟕𝟔 × 𝟏. 𝟔 𝒎𝒎𝟑  printed circuit board. 

 
Index Terms— T-junction, Interdigital capacitor, sensor, high 

sensitivity. 

I. INTRODUCTION 

ERMITTIVITY is one of the main features for 

characterizing material reaction to the applied electric 

fields. Microwave sensors based on the response of 

Material Under Test (MUT) to electromagnetic fields have 

found many applications in industry, environmental pollution 

and biomedical systems [1-4]. These sensors offer high 

potential for real time characterizations of solid materials [5-8].   

Wireless sensing [1] and high Q sensor [6] have been 

implemented using Split Ring Resonator (SRR) for permittivity 

detection. Microplastic detection in water and soil are explored 

using resonance microwave reflectometry, in which resonance 

frequencies shift as a function of the relative permittivity [2]. A 

microwave strain sensor [4] based on chip less tag reader shows 

high elongation range and high sensitivity response. In [8] a 

microstrip line sensor is used to determine the dielectric 
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constant of solid material with a pair of electrically coupled 

resonator. However, only the materials permittivity in 2.5GHz 

are evaluated. Sensitivity, size and environmental effects on the 

sensor response have limited the performance of available 

microwave sensors. Sensitivity depends on the electrical field 

concentration. Different design techniques like SRRs, 

Complementary Split Ring Resonators (CSRRs), and 

meandered microstrip line are used to increase sensitivity. 

Loading different topologies of SRRs [5-7] and CSRRs [9-11] 

on host transmission lines changes the electric-field or 

magnetic-field distribution and generate transmission zeros 

(TZs) or transmission poles (TPs) in the frequency response. 

The sensitivity of these microwave sensors is highly dependent 

on SRRs or CSRRs shape, size and orientation [12-14]. 

Meandered microstrip line and interdigital structures have been 

used recently in microwave sensors to achieve higher 

sensitivity [15-17]. Capacitively-loaded periodic slow-wave 

transmission line for dielectric constant measurement is 

presented in [15]. The achieved sensitivity is higher than 

ordinary meandered line with similar dimensions. An ultra-

sensitive microwave sensor with meander slot in CSRR in order 

to enhance the field confinement is reported [16]. The majority 

of the sensors reported previously suffer from cross-sensitivity 

to the environmental effects such as temperature and humidity. 

Differential sensors are known to have inherent robustness to 

the cross-sensitivity as they typically consist of two 

independent sensing elements for differential operation.  In this 

class of sensors, the variations in the ambient factors are taken 

as a common mode input to the detection mechanism. A pair of 

meandered microstrip transmission lines for differential sensing 

with optimized sensitivity is implemented [17]. Microwave 

sensor in [18] is composed of a microstrip meandered line with 

T-shaped resonator and an interdigital structure.  Interaction 

between interdigital structure and T-shaped resonator leads to 

increased electric field intensity, which translates higher 

sensitivity. With a folded microstrip line, loaded with an 

interdigital line and a stub, a microwave sensor with dual mode 

applications is realized in [19]. For permittivity and 

permeability measurements, inter-digital capacitor (IDC) based 

SRR and meandered line based SRR offer higher sensitivity 
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[20]. In [21] a biosensor is made with a quarter wavelength stub 

for glucose monitoring. Stub is connected to a microstrip feed 

line in one end and to an IDC at the other end as sensing area. 

A microfluidic detector for characterization of aqueous 

solutions with, a planar folded quarter wavelength type 

resonator etched in the central conductor of a coplanar 

waveguide is reported in [22]. IDC implementation in Substrate 

Integrated Waveguide (SIW) results in negative-order- 

resonance operation and significant level of miniaturization for 

permittivity detection sensor [23]. Microwave patch resonator 

in [24] uses aperture coupling for humidity detection but the 

sensor response is easily changed by temperature and humidity. 

Therefore, the sensor must be calibrated for each measurement. 

Concentration of mixed nitrate and phosphate in water is 

measured with a microstrip line loaded with CSRR as reported 

in [25]. However, it requires a temperature system containing a 

controller (REX-C100), heater, thermocouple sensor and solid-

state relay to control the temperature at test point. This leads to 

a complicated measurement setup.  

This paper reports a new microwave sensor topology for 

permittivity measurement of low loss solid materials. As to the 

knowledge of the authors, this sensor is the first design 

published in the literature. The host of the sensor is a T-junction 

power divider with two equal outputs. Therefore, the sensor can 

be operating in differential mode for higher immunity against 

environmental effects. An IDC is etched in between the two 

outputs of the T-junction in order to confine the electric field, 

and to produce a capacitor-like characteristics. Subsequently, a 

TZ is measured at the outputs of the proposed structure. The 

operation principle is based on downshifting the TZ with 

changing permittivity of the MUT. The designed sensor targets 

high sensitivity, small size and robustness against 

environmental effects.  

The paper is organized as follows: Section II presents design of 

T-junction power divider along with overall sensor structure. 

Equivalent circuit model, parametric analysis and sensitivity 

analysis are also given in this section. Section III presents 

experimental results and performance comparison with existing 

sensors reported in the literature. Finally, section IV draws key 

conclusions. 

 

II. PROPOSED PERMITTIVITY SENSOR CONFIGURATION 

 

 The proposed sensor consists of a T-Junction power divider 

as a host and an IDC as a sensing transducer. IDC is embedded 

in between the two arms of the T-junction. The design 

procedure of the T-junction and the analysis of the IDC are 

overviewed in the following. The length and the width of IDC 

fingers are investigated for TZs changes. Electromagnetic 

simulations regarding the T-junction with and without the IDC 

demonstrate sensing capability of the sensor. Based on the 

simulation results, the electromagnetic (EM) model verifies the 

validity of the equivalent circuit model.  

 

A.  T-junction Power Divider 

T-junction power divider is a three-port network that can be 

used for power division or power combining in transmission 

lines [26]. The host in the proposed sensor is a T-junction in the 

form of microstrip line as shown in Fig. 1(a). Two quarter 

wavelength transmission lines with characteristic impedance of 

𝑍𝑠 = √2𝑍0  are used to match the input microstrip line with 

characteristic impedance 𝑍0. Transmission line model shown in 

Fig.1(b) illustrates that the input port views two quarter 

wavelength lines arranged as two parallel loads.  Then, the input 

port is 

 

                            𝑌𝑖𝑛 = 𝑌2 + 𝑌3           (1) 

 

where  𝑌2 = 𝑌3 = 0.5𝑌0. 
𝑌2 and 𝑌3 are the input admittance from the junction toward the 

port 2 and the port 3, respectively. They are determined from 

load (𝑍0) connected to the quarter wavelength (𝑍𝑠) lines. The 

fringing fields associated with the discontinuity at the junction 

leads to storing energy. They are accounted by negligible 

susceptance here.   
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Fig. 1 T-junction (a) Layout (b) Transmission line model.  

 

As the proposed T-junction is a symmetrical structure, its 

output ports receive equal power according to 

                                 𝑃𝑖 =
1

2
𝑣0

2𝑌𝑖                                                       (2) 

where 𝑖 = 2,3 and 𝑃𝑖  denotes the output power at i-th port. 

 

B. Interdigital capacitor (IDC) 

The objective of the IDC is to provide the desired 

capacitance-like effect for the targeted frequency band. The 

capacitance occurs across the gaps and discontinuities 
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incorporated into the structure like open ends. Analysis and 

characterization of IDCs have been reported in [27]. Full-wave 

numerical solution by CST software is used for the IDC 

characterization in the proposed sensor. The capacitance 

increases as the gaps, or the distance between fingers, are 

decrease. The gap size, fingers’ length and width are used in the 

IDC optimization to generate a notch in the desired band. The 

optimized parameters of the IDC and simulation results are 

provided in next section. 

C. Sensor Design 

The operational frequency of the T-junction is selected to 

satisfy operational frequency band of the overall sensor, i.e., the 

Industrial, Scientific and Medical (ISM) band. The simulation 

results of the S-Parameters for proposed T-junction and IDC are 

shown in Fig. 2 (a) and (b) respectively. The outputs (S31 and 

S21) receive equal-power, and the input is matched at the 

targeted band according to Fig. 2 (a). The EM simulation of the 

proposed IDC in Fig. 2 (b) shows that there is a notch in desired 

frequency band. The layout of the proposed sensor including 

the T-junction as host transmission line and the IDC as sensing 

area is shown in Fig. 3. The host has symmetrical configuration 

and IDC is positioned in between the output lines of the T-

junction. Embedding the IDC within the T-junction generates a 

TZ (TZ0=2.838GHz) in transfer functions (S21 and S31) as 

shown in Fig. 4. Hence, TZ0 shifts down in response to 

permittivity increase of the solid MUTs placed on top of the 

sensor.  The TZs of sensor together with MUTs are expected to 

be smaller than TZ0 due to increase the permittivity. The 

operational band of the T-junction (f0) is determined such that 

its 3dB outputs be positioned in the targeted frequency band 

(ISM). It should be noted that the length of the T-junction arms 

is dependent on the operation frequency. Therefore, the 

operation frequency could be adjusted with the length of the T-

junction arms in accordance with permittivity of the MUT. The 

size of the IDC is optimized according to the desired responses. 

Hence, the size of the structure and the operational frequency 

band are dependent on two parameters. Therefore, the design 

process is focused on independent designs of the T-junction and 

the IDC with respect to the targeted operational frequency band.  

 
Fig. 2 The simulation results of (a) the proposed T-junction 

(b) the IDC. 
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Fig. 3 Layout of the proposed sensor. 

 

 
Fig. 4 The s-parameter simulation of the proposed sensor. 

 

D. Equivalent Circuit Model 

The equivalent circuit model in Fig. 5 (a) is extracted from EM 

simulation results for the proposed sensor of Fig.4. This 

includes three transmission lines to model the T-junction and 

two LC that model the IDC. As shown, the capacitance effect 

between the IDC and the ground is modeled with two capacitors 

in each arm. The length of transmission line output arms of the 

T-junction is slightly extended for the compensation of the 

inductive and capacitive effects. The capacitance arises through 

additional charge accumulation at the corners particularly at the 

outer point of the bend where electric fields concentrate. The 

inductive arises because of current flow interruption [28]. IDC 

is modeled with parallel connection of  𝐿1 and 𝐶1. Coupling 

components (inductances) between the arms P2 and P3 are 

included in the model. Also, the capacitive effects between the 

output arms and IDC fingers (not connected directly to output 

arms) are also modeled, as shown in Fig. 5 (c). Scattering 

parameters from EM simulation and circuit model of T-junction 

are compared in Fig. 5 (b). The EM and circuit model present 

similar responses. Fig. 5(c) shows the simulation results of EM 

and circuit model of the proposed sensor. The notch frequency 

of transmission coefficients is close to each other, which can be 

derived from [3]: 

 

                                      𝑓𝑧 =
1

2𝜋√𝐿1𝐶1

                                     (3) 

  

This simple circuit model is valid for the operational frequency 

band frequencies. The circuit model parameters and sensor 

dimensions in Fig. 3 are given in TABLE I. 
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TABLE I  

SENSOR DIMENSIONS and CIRCUIT MODEL 

PARAMETERS 
a b c d E f g 𝑀(𝑛𝐻) 

16.26 14 5.8 10 0.5 0.7 0.5 0.001 

𝐿1(𝑛𝐻) 𝐶1(𝑝𝐹) 𝑍1(Ω) 𝑍2(Ω) 𝜃2 h C(𝑝𝐹) 𝐶2(𝑝𝐹) 

1.02 

 

3.06 

 

50 

 
50√2 

 

𝜆𝑔

4
 

 

3 0.10 10.5 

Length in mm. 

 

L1

L1

C1

C1

Z1,θ1 

Z2,θ2

Z2,θ2

Z1,θ1 

Z1,θ1 

P1

P2

P3

C C

C C

M

C2

C2

 
(a) 

 
Fig. 5. (a) The equivalent circuit model (solid line), the 

simulation (dashed line) results of the (b) T-junction and (c) the 

proposed sensor.  

E. Parametric Analysis 

The design of the T-junction targets ISM band operation for the 

proposed sensor. Then, its dimensions are fixed. On the other 

hand, the IDC dimensions could be examined in parametric 

studies. The impact of the IDC fingers’ length (c) and the 

fingers’ width (g) on TZ of S21 is shown in Fig. 6 (a) and Fig. 

6 (b) respectively. When c increases, the coupling between IDC 

fingers increases. However, reducing the gap between the 

fingers leads to an increase in the width of the fingers. These 

variations result in increasing the capacitive effects, that is, 𝐶1. 

Hence, the TZ decreases according to (3). Minimum required 

sample size without significant performance degradation of the 

sensor is also investigated by simulating different sample 

widths and lengths. The variation of the sensor sensitivity, as 

per the notch frequency, with respect to the size of the sample 

is shown in Table II. As expected, the sensor sensitivity is 

proportional to the sample size as the electric field in the 

sensing area gets smaller as the sample size gets smaller. The 

minimum (or optimal) size of the sample would be around 100 

mm2.     

 

 

   

 
Fig. 6 Effect of (a) finger length (b) finger width of IDC on TZ 

of the proposed sensor.  

 

TABLE II 

SENSITIVITY FOR DIFFERENT SAMPLE SIZE 
Sample Size 

(mm2) 

165 117 77 45 21 

S% 4.3 3.86 2.6 1.3 0.25 

 

F. Sensitivity analysis 

 The sensitivity of the proposed sensor has been discussed by 

running simulations in addition to theoretical analysis. MUT 

has been added on IDC in simulation environment. The size of 

example MUT is 15×11×2 mm3. The permittivity of MUT has 

been swept from 1 to 10 incremented in steps of 1, and the TZ 

frequencies are recorded. In order to develop an explicit 

formula between permittivity and TZ polynomial, curve fitting 

model is derived in (4) [3].  

 

𝑓𝑍𝑖 = a𝑖 × 10−4𝜖𝑟
3 + b𝑖 × 10−2𝜖𝑟

2 + c𝑖 × 10−1𝜖𝑟 +
                    𝑑𝑖                                𝑖 = 𝑆, 𝑀                                   (4)  

 

Polynomial coefficients are given in TABEL II.  

Theoretical sensitivity is defined as the normalized variation of 

TZ frequency with respect to permittivity, could be derived 

from (5). 

                                           𝑆 =
𝜕𝑓𝑧

𝑓𝑜𝜕𝜖𝑟

× 100                           (5) 

 

Where 𝑓𝑧  is the TZ, 𝑓𝑜 is the TZ of unloaded sensor and 𝜖𝑟 is 

the relative permittivity of the load. The TZs and simulation 

sensitivity for different permittivity values are shown in Fig. 8 

(a) and Fig. 8 (b) respectively based on (4) and (5).      Increasing 

the permittivity of the MUT samples, increase the capacitance 

and inductance of IDC (𝐿1 𝑎𝑛𝑑 𝐶1) in equivalent circuit model, 

which reduces the TZ frequency according to (3). Fig. 8 (b) 

shows that sensitivity decreases for larger permittivity values. 
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In our design, the MUT is considered to be lossless or low loss. 

However, the EM simulations with some degree of loss are also 

studied. The simulation results presented in Fig. 7 shows that 

magnitude of transmission coefficient is highly dependent on 

the dielectric loss. However, the TZ values do not vary 

significantly in response to dielectric loss changes.  

 
Fig. 7 s-parameter variation for different loss tangent values 

(lossy material with 𝜖𝑟 = 2). 

  

III.  EXPERIMENTAL RESULTS 

A prototype sensor device has been developed on printed 

circuit board to validate the proposed sensing technique 

and to evaluate the developed model. Then measurements 

were conducted with different solid materials (MUTs). The 

measurements were repeated ten times and the average is 

taken to remove measurement errors. 

A. Measurement results 

The proposed sensor is designed on FR4 (ℎ = 1.6𝑚𝑚,
𝑡𝑎𝑛𝛿 = 0.018, 휀𝑟 = 4.3), with the operation frequency of 

𝑓0 = 1.812 𝐺𝐻𝑧. The width of 50 Ω microstrip lines and 

quarter wavelength lines are 3.1 mm and 1.66 mm 

corresponding to characteristic impedances. The fabricated 

sensor with measurement setup is shown in Fig. 8.  

 

                            
                                           (a) 

 
 

 

 
 

 

 
 

 

 
 

                                            (b) 

Fig. 8 (a) The fabricated sensor (b) Measurement set up. 

 

Measurement set up comprises the proposed sensor, a clamp 

with plastic screw, unmetallized MUTs and a piece of 

unmetallized PCB. MUTs samples are located on top of the 

sensor and un-metallized PCB is placed under the sensor. The 

clamp fixes the MUT on the sensor with a screw to ensure 

consistent approach. Rectangular shaped test samples with a 

size of 15 × 20 mm2 are cut from unmetallized microwave 

substrates. The size of the samples is adjusted as per the sensing 

area of the sensor. The thickness of the samples is slightly larger 

than 1.2 mm in order to remove the effects of the thickness on 

TZs of the proposed sensor.  

The available test samples are RT Duroid 5870 (𝜖𝑟 =
2.33  ℎ = 1.575mm), FR4 (𝜖𝑟 = 4.3  ℎ = 1.6 mm), RT Duroid 

6006 (𝜖𝑟 = 6  ℎ = 1.905 mm), RT Duroid 6010 (𝜖𝑟 =
10.22  ℎ = 1.9 mm).    

                     

                                        TABLE III  

POLYNOMIAL MODEL COEFFICIENTS 
𝑖 a𝑖 𝑏𝑖 𝑐𝑖 𝑑𝑖 

𝑆 

𝑀 

−9.199 

−5.491 

 

2.417 

1.698 

 

−2.852 

−2.315 

 

3.133 

3.102 

 

S: Simulation, M: Measurement 

 

Fig. 9 (a) Measured and simulated TZs in terms of MUT 

permittivity (b) Measured and simulated sensitivity as a 

function of MUT permittivity. 

 

TABLE IV 

MEASUREMENT RESULTS FOR DIFFERENT     

SAMPLES 
Sample 𝜖𝑟 

 

TZs (GHz) 

                  Bare 
RT 5870 

                  FR4 

RT 6006 
RT 6010 

                    

1 
2.33 

1.6 

6 
10.22 

 

2.895 
2.626 

2.402 

2.193 
1.865 

 

 

Samples of available substrates are examined on the sensor and 

measured TZs are recorded as shown in TABLE IV. The 

dependency between permittivity of the test samples and 

associated TZs could be extracted with polynomial curve fitting 

MUT 

Sensor 

Unmetallized PCB 
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model in (4) with coefficients in TABLE III. The TZ 

frequencies obtained from simulations and measurements for 

different permittivity values are illustrated in Fig. 9 (a). The 

experimental sensitivity is obtained using (5). The measured 

sensitivity seems to be consistent with the simulations, 

especially, mid-range of MUT permittivity. The normalized 

sensitivity for a sensor could be achieved from (6), where 𝑓𝑜1  

and 𝑓𝑜2   are upper and lower frequencies respectively, in the  

targeted band. From the simulations, 𝑓𝑜 = 𝑓𝑜1 = 2.848 GHz 

and 𝑓𝑜2 = 1.771 GHz are obtained which means 1.077 GHz 

frequency shift within the permittivity range. The normalized 

theoretical sensitivity value is 4.1 % according to (6).  

 

                                𝑆𝑛 =
1

𝑓𝑜

∆𝑓

∆∈𝑟

× 100                                        (6) 

 

                                  ∆𝑓 =  𝑓𝑜2 − 𝑓𝑜1                                             (7) 

 

On the other hand, in experiment  𝑓01 = 2.895 𝐺𝐻𝑧,  𝑓02 =
1.865 𝐺𝐻𝑧  leads to a frequency shift of  ∆𝑓 = 1.03 𝐺𝐻𝑧 

(TABLE IV). This corresponds to a normalized experimental 

sensitivity of 3.9 %, shows 112 𝑀𝐻𝑧 frequency shift per unit 

permittivity change, which is larger than available sensors. The 

measurement setup shown in Fig.10(a) is used to measure the 

s-parameters of the differential outputs (port 2 and 3) while the 

input port (port 1) is matched.  Fig.10(b) presents the s-

parameters between the differential ports, where a notch and a 

transmission pole are visible. The measurement results for bare 

sensor show 3 MHz difference between the notches of S22 and 

S33. Moreover, we observed the effects of the positioning of 

materials over the sensor. The horizontal positioning effects 

result in larger changes in resonant frequency of S22 and S33 

compared with the vertical positioning effects, which was 

negligible.  In order to characterize the extreme frequency shifts 

caused by position of the material, we shifted the material up to 

2mm in horizontal direction, which results in 5 MHz change in 

the resonant frequency of S22 and S33.  Beyond 2mm shifting, 

one of the outputs disappears. Therefore, in order to obtain 

maximum accuracy this sensors require samples with at least 

1.4 mm thickness on top of IDC (best location) with the size of 

140 mm2. A set of experiments are conducted with available 

samples to measure the shifting in the notch. Then, the 

measurement sensitivity is found to be 4.3% based on (6). On 

the other hand, the effect of the sample thickness is also studied 

by increasing the sample thickness and simulating the shift in 

the notch. Fig.10(c) shows the variation of the notch with 

various sample thickness values. The minimum thickness 

where the notch does not respond is around 1.4mm. The 

thickness of the targeted samples listed in Table IV seems to be 

adequate. Therefore, the proposed sensor achieves the targeted 

accuracy. 

   

(a) 

 
Fig. 10 (a) Measurement setup for output s-parameters (b) 

Measured transmission and reflection coefficients (c) The 

effects of samples’ thicknesses on S33. 

 

Comparison of the performance of the proposed sensor and the 

similar permittivity sensors are presented in TABLE V.  

 

TABLE V 

PERFORMANCE COMPARISON OF PROPOSED SENSOR 

WITH SIMILAR SENSORS 

Ref. 𝑓0  

(𝐺𝐻𝑧) 

 

∆𝑓

∆∈𝑟

 

(𝑀𝐻𝑧) 

Sn (%) A 

(𝜆𝑔
2) 

Material 

type 

  

 

Sensor Type 

[23] 

[16] 

[18] 

[20] 

[14] 

[29] 

Proposed 

2.674 

2.226 

5.65 

2.26 

2.5 

2.26 

2.895 

63 

- 

170 

75 

- 

75 

112 

0.027 

0.98 

3.25 

3.3 

0.27 

3.3 

3.9 

0.214 

0.038 

0.04 

0.01 

0.07 

0.01 

0.04 

Liquid 

Liquid 

Solid 

Solid 

Liquid 

Solid 

Solid 

IDC in SIW 

MS in CSRR 

MML. 

IDC in SRR 

SRR 

IDC-SRR 

IDC in ML 

   MS: Meander Slot, MML: Meandered Microstrip line 

 

The normalized sensitivity of the proposed sensor is higher than 

other sensors. Size of the sensing section are normalized to 
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guided wavelength. Size comparison shows that the size of 

sensing part of the proposed sensor is smaller or equal with to 

similar sensors, except [20] and [29]. However, all of the 

sensors in TABLE V have one output while the proposed sensor 

has two identical outputs (two simultaneous channel). This 

feature help minimizes imperfections in the measurement setup 

as well as measurement environment.  On the other hand, CSRR 

based planar sensor [30] for complex permittivity measurement 

shows higher sensitivity than the proposed sensor. However, 

the applicable range of permittivity seems to be lower (∆𝜖𝑟 =
0.9). The dielectric sensor with multiple coupled CSRRs in 

[31], and the pixelated microwave sensor in [32] demonstrate 

higher sensitivity as well. However, the normalized sensing 

area of these sensors (0.1) is larger than that of the proposed 

sensor.  

IV. CONCLUSION 

A new T-junction based highly sensitive microwave sensor for 

permittivity measurement is presented. Interdigital capacitor is 

used as sensing area in the center of the T-junction. Two outputs 

of the sensor show the same frequency responses. Therefore, 

differential mode operation is possible for the proposed 

structure. Experimental results show that 3.9 % sensitivity has 

been achieved which is higher than of the reported sensors in 

the literature. The normalized size of the proposed sensor which 

include sensing area is comparable with many of the small size 

sensors in the literature.  

The proposed sensor configuration can be further improved for 

real time differential operation so that any imperfection in 

measurement environment (spatially distributed temperatures, 

humidity or other external effects) as well as measurement 

setup (positioning and other device specific imperfections) 

could be detected.  
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