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Abstract: In this paper, the proposed LTSA (Linear Tapered Slot 

Antenna) is assisted with an air cavity and fabricated using LTCC 

substrate (Low Temperature Cofired Ceramic). The LTSA 

antennas are widely used in multimedia applications, which 

require larger bandwidth and high gain. If thelinear slot antenna 

is designed on low temperature cofiredceramic board, because of 

its thickness and high dielectric constant, the gain and radiation 

property is infected critically. By selecting air cavity in the rear 

end of low temperature cofired ceramic substrate, much gain and 

good end fire radiation pattern can be acquired.  Typically, this 

antenna has wide bandwidth (45 GHz to 75 GHz) and 4.9 to 6.9 dB 

gain. The proposed the 3D LTCC modules can be used for wide 

variety of super high frequency applications.  
 

Keywords: MIMO, LTE, Multiplexing, Meander LTSA, 

Spacing Factor.  

I. INTRODUCTION 

In this modern era, commercial applications of 

milli-meter wave are short range broadband wireless 

communication, radars for avoiding automotive collision and 

LCRN (Local Cellular Radio Network) requires fabrication 

of low cost, performance of the network is excellent, and 

elevated plane of incorporation and combination. Many 

researchers studied LTCC technology for low temperature, 

which satisfies the above mentioned properties.  When 

designing of these antennas with efficient radiation patterns 

and high gain, particularly the problem caused in antenna is 

LTCC material with high dielectric constant. Horn 

waveguide, Yagi antenna and LTSA (Linear Tapered Slot 

Antenna) are some of the classification of end fire antennas. 

Among those types, for a wonderful choice of LTCC design 

the LTSA is used. LTSA is easy to fabricate, provide broad 

bandwidth and it is easy for integration. Vivaldi, constant 

width and exponential are some of the variations of Linear 

Tapered Slot Antenna, which depends on the antenna 

aperture shape. All these types aim to enhance beam width 

property, broad bandwidth, and impedance matching of 
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excellent quality. Design of Linear Tapered Slot Antenna and 

antenna was fabricated using LTCC process is discussed in 

this paper. Typically, high dielectric on antennas leads to the 

distorted radiation pattern which reduces the gain. To 

alleviate this effect, by adopting material modulation 

technique it is possible to reduce the high dielectric constant 

in this proposed method or photonic band gap. The use of air 

cavity will obtain high broadband performance and decrease 

the dielectric constant.  

II. TYPES OF ANTENNA AND FEEDING METHODS 

A wide variety of antenna has been used in mobile handset 

they can be split into following categories they are 

 

1. Whip antenna 

2. External helical antenna 

3. Printed internal helical antenna 

4. LTSA(Planar inverted F antenna) 

5. L type 
6. Patch antenna 

7. Ceramic antenna 

8. Meander line antenna 

9. DPILA(Dual planar inverted L antenna) 

 

Some of the feeding methods used are 

 

1. Coaxial probe feeding 

2. Micro strip transmission line 

3. Recessed micro strip line 

4. Aperture coupling feed 

5. Proximity – coupled micro strip line feed 

III. MATERIAL CONSIDERATIONS 

The thin copper foil is used for making the metallic patch.  

The substrate material provides mechanical support to the 

elements of radiating patch. Free space wavelength of 0.01 to 

0.05 is the thickness of the substrate range. The range of 

dielectric constant is from 1 to 10 which are divided into 3 

groups. 

1. Relative permittivity of the substrate is of the range 

1.0 to 2.0. 

2. The substrate having the relative dielectric constant 

ranging 2.0 to 4.0. These kinds of material typically 

made up of Fibre glass shatterproof Teflon. 

3. This type of material can be alumina, ceramic or 

quartz with 4.0 and 10.0 relative dielectric constant.  

2 to 3 relative permittivity is used in Teflon based material 

which is most familiar material. Poly Tetra Fluoro Ethylene 

(PTEF) is the material having 2 to 3 relative permittivity. It 

also has a same structure as fiber 

glass material, which is used in 
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boards executes digital circuits. . For instance, an array of a 

few elements or a single patch may be fabricated at the 

L-band frequency on a fiber glass material of low cost, as a 

20 0r 30 elements as array at frequency of 30 GHz can go for 

high cost but result in acceptable loss. The foam panel or 

dielectric honey comb may be used as a substrate for the large 

number of array elements to reduced loss, reduce mass of 

antenna, and reduce the cost of the  material whereas having 

enhanced bandwidth. 

IV. PERFORMANCE OF ANTENNA AND ANTENNA 

DESIGN 

A.  Design of LTSA Antenna Element 

 The distribution of charge on the plane of antenna is 

changed in this proposed structure which increases the 

inductive effect results in reduction of size [4,5]. Meander 

geometry and elemental position of antenna on the PCB plays 

a very important role in enhancing the characteristic of the 

meander LTSA antenna. Fig. 4 shows the measured (dotted 
curve) return losses and the simulated (solid curve) which 

show good covenant in the frequency band of 2.2-3GHz. This 

antenna is operating at the 2.68 GHz which is the centre 

resonant frequency. The simulated 10 dB bandwidth 

(200MHz) is found to be slightly broader when compared to 

the measured one (180 MHz). 

 

 
 

Fig.1. Optimized LTSA antenna element design 

 

B. Double LTSA Antenna Element Design 

 Fig.1 shows the geometry structure of antenna. The dual 

meander LTSA was constructed with considering of space 

6mm between the coplanar section and meander coplanar. In 

[7,8,9] it was signified that dual meander antennas will be 

having bandwidths of wider range. But dissimilar [10], the 
planned antenna structure was fabricated on 2 dissimilar 

planes and therefore the name 3-D.  By this method, antenna 

length is enlarged. The length all meander arm is 11 mm and 

the width is 3 mm. The feeding location and the shorting pin 

was 26 mm at a distance.  

 

 
 

Fig.2.Spatial positioning and dimension of LTSA 

 

On the way to enhance bandwidth, the shorting pin feed was 

selected as 3mm and width of the shorting pin was selected as 

0.5 mm. ground plane was 4 mm away [6] the double 

meander section was placed. The measurement of the metal 

box and the ground plane with the spatial positioning and its 

proportions is shown in Fig. 2. 

V. SPACING OF LTSA ANTENNA AND ITS 

COUPLING 

The antenna elements and spacing determines and 

enhances the performance of the MIMO. The various handset 

configurations are shown in Fig. 3, are differentiated by 

various antennas orientations and positions on the Printed 

Circuit Board, and are considered to explore the effect on the 

performance of MIMO. PT2 is distinguished by 2 meander 

LTSA elements which are parallel to each other and PT4 is 

identified by vertical elements based on PT2. PT 8 and PT 6 

have less coupling in between the antenna compare with PT2, 

PT4 and PCB which is due to tiny space between two 
antennas. Model antenna distinguished by vertical antenna 

design arrangements, like PT4and PT8 which are intended to 

illustrate an influence on the cross polarization due to 

decoupling effect. Near the margin side of the PCB, the 

antenna elements have the feeding point. Figure 6 exhibits 

the fabricated structure with the white colour foam which 

covers the PCB is meant for strengthening the toughness in 

open air transmission measurement. 

 

 
 

Fig.3. LTSA antenna element spacing 

 

A. Antenna Prototypes Characteristics: 

 

 
 

Fig.4. Optimized LTSA Return loss Vs Frequency 
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Fig. 4 shows the Prototype simulation and the radiation 

efficiencies of four prototypes with the measured parameters. 

PT2, PT4 and PT6 show excellent sign for S-parameters and 

stimulated results was shown. PT8 has a comparatively huge 

diversity between measured and stimulated S-parameter due 

to the deficiency in the fabrication process of smaller 
antennas. Due to the parallel antenna elements arrangement, 

PT2 and PT6 exhibit similar radiation. Radiation efficiency 

of 80% is achieved by four prototypes but low efficiency is 

achieved by PT4 due to perpendicular arranged elements. 

VI. MEASURED ANTENNA RESULTS AND 

ANALYSIS 

This is conceivably the motive behind the antennas of 

wider bandwidth. The existence of the box ensures the 

antenna to radiate in an omni directionally at the 2 different 

frequencies and has good quality gain. 1.35 dBi is the peak 

gain of 700MHz whereas 1.67 dBi is 960 MHz. Figs. 5, 6, 

and 7 demonstrate the Eφand E0 patterns at 850 MHz for XZ 
(φ=0o), YZ (φ =900) and XY (φ =90o) planes, respectively. 

The E0 element is just about evenly spread in the XZ (φ =00) 

plane. The E component is constantly below -25 dBi in that 

plane. In the XY (φ =900) plane, the positive gain of E from 

350X Fig.  5.  

 

 
 

Fig. 5. 850 MHz calculated radiation pattern in the XZ  
(φ =0o) plane. 

 

 
 

Fig.6. 850 MHz calculated radiation pattern in the  
XZ (φ =90o) plane. 

 

Calculated radiation pattern at 850 MHz in the XZ (φ =0o) 

plane. X Fig. 5. Calculated radiation pattern at 850 MHz in 

the YZ (φ =90o) plane to 310 and from 1690 to 2070.  Two 

deep notches are obtained roughly 900 and -900. 1.74 dBi is 

peak gain obtained in the plane. 

 

 
 

Fig.7. 850 MHz calculated radiation pattern in the  

XZ (φ =90o) plane. 

VII. CONCLUSION 

In this paper, Linear Tapered Slot Antenna (LTSA) was 

designed with an air cavity and fabricated using LTCC 

substrate. The LTSA antennas are frequently used in 

multimedia applications. For the single Meander LTSA the 

operating frequency is 2.68 GHz and for double meander 
LTSA its operating frequency is 698MHz to 960MHz. The 

experimental results show that, the proposed antenna has 

acceptable gain and wide radiation patterns at diverse 

frequencies.   
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