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Abstract—A miniaturized patch antenna loaded with grounded 

strips is proposed. Two grounded strips, which are connected to 

the ground plane by an array of shorting pins, are symmetrically 

positioned underneath the radiating edges of an aperture-coupled 

patch. With the capacitance provided by the grounded strip and 

the radiating patch as well as the inductance introduced by the 

shorting pins, the resonant length of the loaded radiating patch is 

significantly reduced by 74% compared to that of the unloaded 

one. The antenna prototype with a patch size of 0.087λ0 × 0.192λ0 

exhibits a measured impedance bandwidth of 1.6% centered at 

2.62 GHz, a maximum realized gain of 3.9 dBi, and symmetric 

radiation patterns with the broadside cross-polarization levels of 

-20 dB in H-plane and -17.5 dB in E-plane. A transmission-line 

model is presented to explain the operating mechanism of the 

proposed antenna while parametric studies are carried out to 

provide the information for the design of the antenna. 

 
Index Terms—Capacitive and inductive loading, grounded 

strips, miniaturized antenna, patch antenna, size reduction 

 

I. INTRODUCTION 

PATCH antennas are widely employed in modern wireless 

systems because of the merits of low profile, light weight, low 

fabrication cost, and compatibility with integrated circuits [1], 

[2]. However, a conventional patch antenna, which is usually a 

half-wave resonant structure, is bulky for portable and 

handheld wireless devices. Many techniques have been 

developed to reduce the size of the patch antennas, such as 

employing high dielectric substrate [3]-[5], loading shorting 

pins or shorting walls [3], [6], loading resistive or reactive 

components [7]-[13], extending current paths by meandering 

patch edges, etching slots into the patch or applying a folded 

patch [3], [14]-[18]. In addition, composite right/left handed 

(CRLH) metamaterial structures have also been applied to 

reduce the size of patch antennas [19]-[21].  

The miniaturization of patch antennas by loading distributed 

capacitors and/or inductors is a well-known technique [9]-[11], 

[22], [23]. In [9], a complementary split-ring resonator (CSRR) 

was etched out from the ground plane of a patch antenna to 

provide LC loading, which reduces the single-element antenna 

size by 76% and keeps the antenna as a single-layer structure. 
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In [10], four parasitic short-circuited L-shaped strips are 

symmetrically positioned at the four corners of a patch to 

achieve a size reduction of 82% by introducing additional 

capacitance and inductance. In [11], a strip with one grounded 

via is loaded under the patch of a planar inverted-F antenna 

(PIFA) to realize a size reduction of 50% compared to 

conventional PIFAs. Furthermore, the resonant frequency of 

the antenna can be tuned by changing the height and location of 

the grounding via. By cutting a slot in the middle of the 

radiating patch and connecting the radiating patch to an upper 

parasitic patch through two shorting walls, the patch antenna 

reported in [22] operates as a pair of shorted transmission lines 

and presents a frequency down shifting of 50% compared to a 

conventional patch antenna. In [23], a substrate integrated 

irregular ground formed by loading two metallic walls under 

each corner of the radiating patch is employed to realize a patch 

size reduction of 75.6% compared to the unloaded antenna. 

In this communication, the proposed patch antenna achieves 

the size reduction by loading two grounded strips under the 

radiating edges. The loading structure introduces additional 

capacitance by the grounded strip and the radiating patch as 

well as inductance from the shorting pins to realize the 

miniaturization of the antenna. The symmetrically positioned 

grounded strips ensure the maximum radiation in the broadside 

direction and low cross-polarization levels. A transmission-line 

model is implemented to explain and verify the principle of the 

antenna size reduction. Measured results are in good agreement 

with the results obtained from full-wave simulation performed 

by using CST Microwave Studio [24]. 

 

II. ANTENNA DESIGN 

A. Configuration 

The configuration of the proposed antenna is shown in Fig. 1. 

It comprises two pieces of printed circuit board (PCB) 

(RO4003C, ԑr = 3.38, tanδ = 0.0021 at 2.5 GHz, and thickness 

of h1 and h2, respectively). The radiating patch with a width of 

Wp and a length of Lp is printed onto the top layer of the upper 

PCB. The radiator is fed by a microstrip aperture-coupled 

structure, where the coupling aperture is etched into the ground 

plane printed on the top layer of the lower PCB. The microstrip 

line with a tuning section is printed onto the bottom layer of the 

lower PCB. The length of the tuning section is denoted by Lstrip. 

Two grounded strips are used as the loading structure. One 

grounded strip is composed of a metal strip of Wld × Lld and an 

array of shorting pins with a radius of Rsp and height of hsp. 

There are five vertical shorting pins along the x-direction with 

an identical separation of dsp between the adjacent pins. As 

shown in Fig. 1(b), the two grounded strips are symmetrically 

printed onto the bottom layer of the upper PCB. The outside 

edges of the grounded strips and the radiating patch are aligned. 

The detailed dimensions of the proposed antenna are tabulated 

in Table I. 
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(a) 

 
 (b) 

Fig. 1. Configuration of the patch antenna loaded with grounded strips. (a) Top 

view; (b) side view. 
TABLE I 

DETAILED DIMENSIONS OF THE PROPOSED ANTENNA (UNIT: mm) 

dx=40 h2=0.508 dsp=4 

dy=40 Wstrip=1.9 Wld=3 

Lp=10 Lstrip=5 Lld=20 

Wp=22 Lap=12 Rsp=0.5 

h1=0.813 Wap=1.5 hsp=3 

B. Transmission-line Model 

The equivalent transmission-line model of the proposed 

antenna is depicted in Fig. 2. The central part of the patch 

antenna, with width of Wp and length of Lp  2Wld, is modeled 

as a transmission line with a characteristic impedance of Z0,p. 

The grounded strip provides a series circuit with a capacitance 

Cs and an inductance Ls, which is in parallel with a radiation 

resistance Rp and a fringe capacitance Cp. The coupling aperture 

acts as an impedance transformer and a parallel LC circuit in 

series with the microstrip feed line. The microstrip feed line 

with a characteristic impedance of Z0,f has a tuning length of 

Lstrip from the center of the coupling aperture to the open-circuit 

termination. 

The grounded strip and the radiating patch introduce the 

loading capacitance Cs which can be calculated approximately 

by 
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where r  is the relative dielectric constant of the upper PCB. 

The loading inductance Ls is introduced by the shorting pins 

which can be treated approximately as metal vias [25]. 

Therefore, the Ls can be calculated by 
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Fig. 2. Transmission-line model of the patch antenna loaded with grounded 

strips. 
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where N denotes the number of the shorting pins under each 

grounded strip. The unit of hsp and Rsp employed in (2) is 

millimeter. 

The admittances looking toward the ends of the transmission 

line are denoted by Ye, which can be expressed as 
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And (3) can be rewritten as 
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By replacing the polynomial in the brackets with an equivalent 

capacitance
pC  , (4) can be simplified as 
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Denoting the resonant angular frequency of the loading LC 

circuit with 0 , then it can be calculated by 

0

1

s sL C
  .                                         (7) 

The resonant angular frequency ω of the proposed patch 

antenna is less than that of the loading LC circuit, namely, ω < 

ω0. Therefore, it can be inferred from (6) and (7) that increasing 

Ls and Cs both results in larger capacitance
pC  , and the larger

pC  implies the lower resonant frequency of the patch antenna.  

The patch of the proposed antenna is suspended in air with a 

height of hsp = 3 mm. With the dimensions shown in Table I, we 

can obtain Z0,p = 42 Ω, Rp = 2295 Ω and Cp = 0.18 pF. The 

loading capacitance Cs calculated from (1) is 3.53 pF, and the 

loading inductance Ls is 0.42 nH from (2). Then the 

transmission-line model shown in Fig. 2 was modeled in the 

Advanced Design System (ADS) [26]. Excluding the feed 

structure, the estimated resonant frequency is 3 GHz. By 

removing the loading elements Cs and Ls and setting Wld to be 

zero, the transmission-line model represents the conventional 

patch antenna without any loading and exhibits a resonant 

frequency of 10.6 GHz. Therefore, the loaded patch antenna 

achieves an equivalent resonant length reduction of 72% 
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compared to the unloaded patch antenna. 

C. Parametric Studies 

Parametric studies were carried out by using full-wave 

simulation to investigate the effects of the antenna geometrical 

parameters on the performance of the proposed antenna and to 

verify the transmission-line model analysis. Note that in the 

studies only one geometrical parameter is changed each time 

and the rest are kept unchanged unless specially indicated. 

According to (1), the increasing of the grounded strip width 

Wld and the length Lld offers greater capacitance because the 

overlapping area between the grounded strip and the patch is 

enlarged. Based on the analysis of the transmission-line model, 

increasing capacitance lowers the operating frequency of the 

patch antenna. Fig. 3 shows the effect of Wld on the |S11| and the 

radiation efficiency of the proposed antenna. When Wld is 

increased from 2 mm to 4 mm, the resonant frequency of the 

proposed antenna shifts from 3.02 GHz to 2.53 GHz and the 

10-dB |S11| bandwidth changes from 2.8% to 1.6%. Meanwhile, 

the radiation efficiency degrades from 91.2% to 84% at the 

corresponding resonant frequencies. 

Fig. 4 shows the |S11| and the radiation efficiency of the 

proposed patch antenna with varying shorting pin radius Rsp. It 

can be seen that the resonant frequency shifts from 2.7 GHz to 

2.45 GHz when Rsp decreases from 0.5 mm to 0.1 mm. It agrees 

well with the analysis based on the transmission-line model, 

where the shorting pin with a smaller radius offers a larger 

inductance. The corresponding 10-dB |S11| bandwidth and the 

radiation efficiency reduce from 2% to 1.3% and from 88.1% to 

81.4%, respectively. The other parameters related to the 

shorting pins, such as N and hsp, show the similar effect on the 

performance of the antenna. For brevity, the results are not 

shown.  

The simulation shows that the ground plane size of the 

proposed antenna slightly affects the resonant frequency while 

it has a remarkable impact on the radiation efficiency and the 

realized gain of the antenna due to the varied electrical size. For 

the consideration of overall performance, the ground plane size 

is selected to be 40 mm × 40 mm for the proposed antenna and a 

maximum radiation efficiency of 88.1% is achieved at 2.7 GHz. 

In addition, the loading position of the grounded strips was 

studied as well. Simulation results show that the resonant 

frequency of the proposed antenna decreases when the loading 

position is approaching to the radiating edge of the patch. 

Therefore, the grounded strips are positioned underneath the 

radiating edges with the outside edges aligned with those of the 

patch. 
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Fig. 3. The simulated |S11| and radiation efficiency of the proposed patch 

antenna with different widths (Wld) of the grounded strips. 
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Fig. 4. The simulated |S11| and radiation efficiency of the proposed patch 

antenna with different radiuses of the shorting pins (Rsp). 

D. Simulated Results 

The full-wave simulation was carried out to study the 

performance of the proposed antenna. The simulated |S11| of the 

patch antennas with/without the grounded strips are depicted in 

Fig. 5. The resonance of the unloaded patch occurs at 10.2 GHz. 

With the grounded strips, the resonant frequency is shifted 

downwards from 10.2 GHz to 2.7 GHz, revealing an equivalent 

resonant length reduction of 74%, which agrees well with the 

analysis based on the transmission-line model. Fig. 5 also 

compares the radiation efficiency of the two patch antennas. 

The unloaded patch antenna shows higher radiation efficiency 

of greater than 94% over a broad bandwidth while the loaded 

patch antenna exhibits a lower radiation efficiency over a 

narrow bandwidth with the maximum of 88.1% at 2.7 GHz, 

which is reasonable since the loaded antenna is electrically 

smaller compared to the unloaded one.  

An unloaded suspended patch antenna resonating at 2.7 GHz 

was also designed for comparison. The detailed comparisons of 

the antennas are listed in Table II. It shows that the proposed 

antenna realizes a significant reduction of 78% in resonant 

length compared to the reference antenna operating at the same 

frequency. 
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Fig. 5. The simulated |S11| and radiation efficiency of the patch antennas with 

and without the grounded strips.  

 

TABLE II 

COMPARISONS BETWEEN PATCH ANTENNAS WITH/WITHOUT LOADING 

Parameters Loaded antenna Unloaded antenna  

Frequency (GHz) 2.7  2.7  

Wp × Lp (mm) 22 × 10 45 × 45 

dx × dy (mm) 40 × 40 60 × 60  

hsp, h2 (mm) 3, 0.508 3, 0.508 

Bandwidth (%) 2 3.6 

Radiation efficiency (%) 88.1 96 

Realized Gain (dBi) 4.4 8.2 

 

The current distribution on the patch and the loading 

structure of the proposed antenna at the resonant frequency are 

shown in Figs. 6(a) and 6(b), respectively. It can be found that 

the current distribution on the patch is similar to that of the 

conventional patch antenna. As shown in Fig. 6(b), there are 

strong vertical currents along the shorting pins which are 

oppositely directed to each other and thus don’t contribute to 

the radiation in the broadside direction. 

 

 
(a)                                                             (b) 

Fig. 6. Current distribution of the antenna loaded with grounded strips. (a) Top 

view; (b) side view. 

III. EXPERIMENTAL RESULTS 

The photos of the antenna prototype are shown in Fig. 7. 

Two arrays of air holes were drilled in the lower PCB for 

soldering the shorting pins. Two plastic rods and several nuts 

were utilized to support the patch.  

Fig. 8 compares the measured and the simulated |S11| of the 

antenna prototype. It can be seen that the measured and the 

simulated 10-dB impedance bandwidth are 1.6% centered at 

2.62 GHz and 1.9% centered at 2.68 GHz, respectively. In the 

simulation, the Teflon rods and nuts with a relative dielectric 

constant of 2.1 were taken into account. The small downward 

shift of 0.06 GHz for the center frequency is mainly caused by 

the tolerance of the in-house fabricated shorting pins and the 

assembly. The size of the patch is 0.087λ0 × 0.192λ0 where λ0 is 

the operating wavelength at 2.62 GHz in free space.  

 

  
(a)                                                    (b) 

Fig. 7. The prototype of the proposed antenna. (a) Front view; (b) back view. 
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Fig. 8. The measured |S11| of the antenna prototype and the simulated results 

with/without supporting posts and Teflon nuts.  

The measured and simulated radiation patterns of the loaded 

patch antenna are shown in Fig. 9. Due to the shift of the center 

frequency, the measured radiation patterns at 2.62 GHz and the 

simulated results at 2.68 GHz are compared. The symmetrical 

radiation patterns with a broadside main beam in both E- and 

H-planes are observed. The front-to-back ratio is about 4.5 dB 

in simulation and about 7.5 dB in measurement. The measured 

broadside cross-polarization level is -20 dB in H-plane and 

-17.5 dB in E-plane while the simulated cross-polarization 

levels are lower than -30 dB in both E- and H-planes. 

Fig. 10 shows that the measured and simulated realized gain 

of the loaded patch antenna are, respectively, about 3.9 dBi and 

4.2 dBi at each resonant frequency with a bit shift but the same 

trends.  
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(b) 

Fig. 9. Measured and simulated radiation patterns of the proposed patch 

antenna at 2.62GHz and 2.68GHz, respectively. (a) E-plane; (b) H-plane. 
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Fig. 10. Measured and simulated realized gain of the proposed patch antenna in 

the broadside direction. 

IV. CONCLUSION 

A miniaturized patch antenna loaded with grounded strips 

has been presented. The miniaturization is realized by the 

introduction of the capacitive and inductive loadings generated 

from the grounded strips. A transmission-line model has been 

presented for revealing the operating mechanism of the 

proposed antenna. Comparing with an unloaded patch antenna, 

the proposed loaded patch antenna has achieved a resonant 

length reduction of 74% with acceptable impedance bandwidth, 

radiation efficiency and realized gain. Moreover, the symmetric 

radiation and low cross-polarization levels have been achieved 

because of the symmetrical loading. This work can provide an 

alternative method for miniaturization of patch antenna.  
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