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Abstract 
 

In this paper, a millimeter-wave DGS integrated LTCC 

based aperture coupled compact microstrip antenna 

resonating at 27.7 GHz  (with bandwidth 26.5-29 GHz i.e. 

9% fractional bandwidth) has been investigated 

thoroughly. Instead of using LTCC tapes with higher 

dielectric constants, here, LTCC tapes with low dielectric 

constant (εr= 3.5) has been used in full wave simulations. 

Furthermore, the ground plane dimension is much 

compact and miniaturised i.e. 0.5λ0×0.9λ0 for the 

proposed antenna structure, and, it has not hampered the 

radiation patterns and antenna reflection coefficient. The 

The peak co-polarised gain is around 6.6 dBi in both 

principal planes and peak co-polar to cross-polar radiation 

isolation level is around 27 dB. In the present structure, 

minimal perturbations in terms of DGSs have been used 

to improve impedance and radiation characteristics of 

such extreme compact antenna. 

 

  

 

1. Introduction 
 

In present era of wireless communications, defected 

ground structures (DGSs) have found widespread 

applications in reducing cross-polarised radiations [1]-

[3],in higher order mode suppression of planar circuits 

[4]-[5], in reducing size of antennas, so on and so forth. 

There are a number of widely used DGS geometries 

depicted in [6]. It is also observed from [1]-[8] that, use of 

appropriate DGS shape and dimensions depend also on 

feeding mechanisms. In literatures, mostly DGS 

integrated antennas are reported in microstip line fed 

(inset feeding), co-axial probes feeding techniques. 

Aperture coupled microstrip antennas with modified 

ground plane was reported in [8]. However, In most of 

these works, either the defect size remain big or the 

ground plane dimension is larger than 1.5λ0×1.5λ0. Is is 

also observed that if we reduce the ground plane 

dimensions beyond 1λ0×1λ0, the radiation patterns and 

antenna reflection coefficient get hampered and 

deteriorate.  

It has been observed that, applications of DGSs in 

aperture coupled microstrip antenna in FR2 bands needs 

more explorations.  Therefore, in this work, a DGS 

integrated LTCC based aperture coupled compact  
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Fig. 1 Schematic of  the Proposed Structure (a) Top View, 

(b) Bottom View, (c) Stack of different Layers 

 

microstrip antenna resonating at 27.7 GHz  (with 

bandwidth 26.5-29 GHz i.e. 9% fractional bandwidth) has 

been investigated thoroughly. Instead of using LTCC 

tapes with higher dielectric constants, here, LTCC tapes 

with low dielectric constant (εr= 3.5) has been used in full 

wave simulations [9]. Furthermore, the ground plane 

dimension is much compact and miniaturised i.e. 

0.5λ0×0.9λ0 for the proposed antenna structure, and, it has 

not hampered the radiation patterns and antenna reflection 

coefficient. 

 

2. Proposed Structure 
 

First, an aperture coupled microstrip antenna with patch 

dimensions 2.2×3.3 mm2 has been designed over LTCC 

layer of dimensions 0.5λ0×0.9λ0 with dielectric constant 

(εr= 3.5), and thickness is 0.504 mm. In practice, such 

thickness of LTCC layer can be achieved through 

commercially available Isostatic Lamination Process, in 

which multiple LTCC green tapes are first delaminated 

and then integrated together to form a thicker layer as per 

user requirement. The dimension of this LTCC layer is 

0.5λ0×0.9λ0 . Beneath this layer, a metallic ground plane 

of dimension 0.5λ0×0.9λ0 has been placed. A slot of 

dimensions 1.6×0.5 mm2 have been etched out from the 



ground plane. Beneath this slotted ground plane,  there is 

a second LTCC layer with dimension 0.5λ0×0.9λ0 with 

dielectric constant (εr= 3.5), and thickness is 0.504 mm. A 

microstip line of dimension 1.4×5.4 mm2 have been 

designed beneath this layer which act as feeding line. 

Electric field lines from the microstrip line get coupled 

through the slot to excite the patch. The slot dimension 

and location has been properly optimized to excite the 

dominant TM10 mode within the proposed structure.  

Furthermore, two linear DGS slots of dimensions 0.5×2.2 

mm2 have been cut over the ground plane along the non-

radiating edges of the patch surface which gives birth our 

proposed structure.  The schematic of the proposed 

structure is shown in Fig.1.  

    

3. Results and Discussions 
 

3. A. Reference Antenna 
 The reference antenna is a conventional aperture coupled 

microstrip antenna with patch dimensions 2.2×3.3 mm2 

has been designed over LTCC layer with dielectric 

constant (εr= 3.5), and thickness is 0.504 mm. The 

dimension of this LTCC layer is 1λ0×1λ0 . Beneath this, a 

metallic ground plane of dimension 1λ0×1λ0 has been 

placed. A slot of dimensions 1.6×0.5 mm2 have been 

etched out from the ground plane. Beneath this ground 

plane there is a second LTCC layer of dimensions 

0.5λ0×0.9λ0 with dielectric constant (εr= 3.5), and 

thickness is 0.504 mm. A microstip line of dimension 

1.4×5.4 mm2 have been designed beneath this layer which 

act as feeding line. The simulated reflection co-efficient is 

shown in Fig. 2. The antenna resonates at 27.8 GHz 

(around 6% fractional bandwidth). The peak return loss at 

27.8 GHz is around 17.2 dB. The co-polarised radiation 

patterns are shown in Fig. 3 in principal E and H planes. 

The peak gain is 7.4 dBi. However, the co-polar to cross-

polar radiation pattern have not been shown for the 

reference antenna for brevity. 

 

3.B. Proposed Antenna 
To make the antenna more compact, first the ground plane 

size as well as size of two LTCC layers have been 

reduced to 0.5λ0×0.9λ0. Furthermore following the 

approaches [1], [2]; two linear DGS slots of dimensions 

0.5×2.2 mm2 have been cut over the ground plane along 

the non-radiating edges of the patch to tackle the cross-

polarised radiations from the antenna. It is worthy to 

mention that such reduction in overall dimension of the 

antenna may affect the impedance, gain, radiation 

charateristics of the antenna [10]-[11]. It gives birth the 

proposed structure. The schematics of the proposed 

antenna is shown in Fig 1. The introduction of DGSs have 

also improved dramatically the impedance matching of 

the proposed antenna. The proposed antenna resonates at 

27.7 GHz  (with bandwidth 26.5-29 GHz i.e. 9% 

fractional bandwidth) as shown in Fig. 2. Furthermore, the 

peak return loss has increased to around 30 dB.  

Therefore, the impedance matching has also improved 

significantly and also the bandwidth has been increased in 

comparison with reference antenna.  The peak co- 
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Fig 2. Simulated Reflection Co-efficient for Reference 

and Proposed Antenna 
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Fig 3. Simulated Co-Polar Radiation Patterns for 

Reference Antenna 
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Fig 4. Simulated Co-Polar Radiation Patterns for 

Proposed Antenna 

 

 

polarised gain is around 6.6 dBi in both principal planes 

and peak co-polar to cross-polar radiation isolation level 

is around 27 dB as shown in Fig. 4.  

It is observed that with very compact ground plane 

dimensions (0.5λ0×0.9λ0), the impedance bandwidth has 

not been affected but well improved with a decent the 



peak co-polar to cross-polar radiation isolation level is 

around 27 dB. Here, we have used low permittivity LTCC 

layers to usher newer possibilities in realizations of planar 

antennas with  less complexities but improved radiation 

and impedance characteristics.  Furthermore, the DGSs 

integrated in this structure are extremely compact and 

therefore, in the present structure, minimal perturbations 

in terms of DGSs have been used to improve impedance 

and radiation characteristics of such very compact 

antenna. 

 

4. Conclusions 
 

In this paper, a millimeter-wave DGS integrated LTCC 

based aperture coupled compact microstrip antenna 

resonating at 27.7 GHz  (with bandwidth 26.5-29 GHz i.e. 

9% fractional bandwidth) has been investigate. Here, 

DGSs have also been incorporated with a view of minimal 

perturbations to antenna structure. In comparisons to other 

reported structures, here use of DGSs have been very 

judiciously done with a view to improve impedance and 

radiation characteristics but without hampering the 

compactness of the structure. The overall antenna area is 

0.5λ0×0.9λ0. The antenna may surely find applications in 

various wireless applications including 5G. 
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