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Abstract—An extended transmission-line model is proposed
for a shorted rectangular patch antenna. The transmission-line
model represents the effect of a thin shorting post placed at an
arbitrary position along the outer radiating edge of the patch
antenna. A comparative study has been conducted with a 3D
full-wave solver. An example patch antenna having a resonance
frequency of 2280 MHz without any shorting post, can be re-
tuned between 2375 MHz and 2511 MHz by varying the location
of the shorting post. A special case with the post at one of the
outer vertices is also considered. Maximum deviation between
results obtained from the extended transmission-line model and
the full-wave solver is 0.74% for the example patch antenna.

I. INTRODUCTION

Shorted patch antenna is of interest for quite a few decades,
for minimization of antenna size, optimization of impedance
bandwidth or implementing polarization diversity. One of the
original findings about reduction of patch antenna size to
quarter wavelength was published in [1]. Few recent works
on shorted patch for ultra-wideband applications are discussed
in [2], [3]. Polarization diversity achieved with shorting pins
has been discussed in [4] and another form of miniaturization
of patch antenna with multiple shorting pins is published in
[5].

The focus of this paper is on the effect of one thin shorting
post, on the resonant frequency of the antenna, when the
shorting post is placed in any position along the outer radiating
edge of the patch. The post connects the outer edge of the
patch to the ground plane of the antenna. The transmission-
line model of a rectangular patch antenna [6]–[10] is extended
to model the effect of the relative position of the shorting post
and analytically obtained results are compared with 3D full
wave solver results.

II. ANTENNA CONFIGURATION

A conventional rectangular patch antenna with a resonance
frequency of 2280 MHz is designed for fabrication on a
Taconic TRF-43 substrate (ǫr = 4.3, tan δ = 0.0035), having
a thickness of 1.2mm. Fig. 1 illustrates the layout of the
antenna. The length and width of the substrate are LS = 70mm
and WS = 65mm, respectively. The length and width of
the patch are LP = 31mm and WP = 42mm, respectively.
The length and width of the transformer are LT = 15.5mm
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Fig. 1: Layout of the antenna.

and WT = 1mm. The length and width of the feed-line are
L50Ω = 20mm and W50Ω = 2.2mm, respectively. The cut-
out of the inset has the dimensions of LIn = 8mm and
WIn = 4mm, respectively. The via is formed by a 18AWG
wire with a diameter (DV ia) of 1mm.

It can be noted from Fig. 1 that the relative position of the
thin shorting pin is denoted by a factor {1/ξ} from one end.
The relative position of the shorting pin then has a different
factor {(ξ − 1) /ξ} from the other end. The summation of both
factors is always 1.

III. EXTENDED TRANSMISSION-LINE MODEL

The transmission-line model for a rectangular patch an-
tenna has been extensively discussed in the literature [9], [10].
Two slots, each having a complex admittance, are placed at
a distance of about λeff/2 [10]. For a standard rectangular
patch antenna, each of the complex slot admittance is denoted
by G + jB where G is the slot conductance and B is
the slot susceptance, respectively. The formulas for the slot
conductance and susceptance are given in [10].

When a thin via (DV ia ≪ WP ) is shorted at the outer
vertex (any one end of the outer edge of the radiating slot)
of the rectangular patch, it can be approximated that the
admittances of both the slots have the same values as before,
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Fig. 2: Transmission-line model of a patch antenna with a thin
shorting post placed (a) in an arbitrary position of the outer
radiating slot of the patch, and (b) placed at one of the two
outer vertices of the patch.

with the susceptance of the via, −jωLsh, added in parallel
to the complex admittance of the outer slot. The extended
transmission-line model for this special case (SETLM) is
illustrated in Fig. 2(b).

When the thin via is placed in an arbitrary position along
the radiating slot of the antenna where the position can be
measured by a factor of 1/ξ from one end and (ξ − 1)/ξ
from the other, the slot susceptance and the susceptance
of the via are proportionally divided. Due to the negligible
diameter of the shorting post, the conductance of the outer
slot remains unaffected. The general extended transmission-
line model (GETLM) for this case is illustrated in Fig. 2(a).

Due to the asymmetric nature of the transmission-line
model a limiting condition of 2 ≤ ξ <∞ is implemented. That
means the lower LC resonator (marked with a blue boundary
in Fig. 2(a)) can have a slot capacitance to a maximum of half
of the original value B from a minimum of 0 and similarly the
shunt inductance can have a maximum of half of the original
value of the Lsh from a minimum of 0. When ξ = 2 the value
of B and Lsh is equally divided into two half and denotes
the fact that the shorting post is at the centre of the outer
edge of the radiating slot of the patch antenna. With ξ → ∞
both the values become negligible and the GETLM transforms
itself into the SETLM as shown in Fig. 2(b). The actual
patch antenna has a magnetic symmetry across the centre of
the radiating slot. The shorting position on either side of the
magnetic symmetry can be implemented in the GETLM by
interchanging the factors mentioned before in this section.

A. Patch Admittance - GETLM

The input impedance of the patch model, shown in Fig.
2(a) can be expressed as:

Yinp = G+ jB+

Yp

G+ j (Ψ + Yptan kLP )

Yp −Ψtan kLP + jGtan kLP

(1a)

where

Ψ =
B
(

1− 1

ξ

)2 (

ωBLsh

ξ2
− 1

)

− B
ξ
+ 1

ωLsh

(

1− 1

ξ

)(

ωBLsh

ξ
− 1

) (1b)

and k is the effective wave number. LP is the length of the
patch and Yp is its respective characteristic impedance.

B. Patch Admittance - SETLM

As the factor ξ → ∞, it is understood that the shorting
post is moved extremely towards one of the outer vertices.
The effective value of the slot susceptance changes to:

Ψξ→∞ = B −
1

ωLsh

(2)

resulting in special patch admittance of:

Yinp = G+ jB+

Yp

G+ j (B − 1/ωLsh + Yptan kLP )

Yp − (B − 1/ωLsh) tan kLP + jGtan kLP

(3)

C. Antenna Admittance

The overall antenna admittance depends on the length of
the inset, quarter wave transformer and the 50Ω feed-line,
respectively. Admittance for an inset-fed patch is given by [10]:

Yinp′ = Yinpsec
2

(

π

LP

LIn

)

(4)

where Lin is the inset feed length and Y inp is the edge
impedance of the patch as given in Eq. (1)(a) or Eg. (3)
depending on the position of the thin shorting post. Another
admittance transformation takes place with the quarter-wave
transformer and the admittance of the patch at the input of the
quarter-wave transformer is given by:

Yinp′′ = YT

Yinp′ + jYT tan kLT

YT + jYinp′tan kLT

(5)

where LT is the length of the quarter-wave transformer and YT

is the characteristic admittance of the transformer. The overall
admittance at the SMA port is given by:

Yinp50Ω = Y50Ω

Yinp′′ + jY50Ωtan kL50Ω

Y50Ω + jYinp′′tan kL50Ω

(6)

where Y50Ω is approximately 0.02S and L50Ω is the length of
the feed-line as shown in Fig. 1.
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IV. IMPLEMENTATION AND RESULTS

Implementation of the GETLM and SETLM was done in
Matlab using Eq. (1) - Eq. (6). For accuracy of results, the
respective effective relative permittivity were calculated for
every different width (of the patch, transformer and the feed-
line), and used to obtain their equivalent free-space values.

Full wave numerical simulation was done using CST
Microwave Studio 2015 and the results obtained were used
to validate the results predicted by the GETLM and SETLM.
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Fig. 3: Predicted return loss of the patch antenna obtained
using GETLM and SETLM.
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Fig. 4: Predicted return loss of the patch antenna obtained
using CST Microwave Studio 2015.

Fig. 3 shows the predicted return loss obtained with
GETLM for different values of ξ and with SETLM. It also
shows the base resonance frequency of the patch without a
shorting post. Fig. 4 shows the predicted return loss obtained
using 3D full-wave simulation in CST Microwave Studio. The
transmission-line model results are in good agreement with the
full-wave simulation results. Table I shows a comparison of the
resonance frequencies for different values of ξ. The maximum
deviation relative to the full-wave results occurs at the value
of ξ = 4 and it is less than 1%.

Maximum shift of resonance frequency due to the shorting

TABLE I: Comparison of predicted resonant frequencies for
the patch antenna, obtained from GETLM and CST MWS. All
frequencies are in MHz.

ξ Matlab (MHz) CST (MHz) Deviation (%)

2 2507 2511 0.16

4 2428 2446 0.74

8 2402 2404 0.08

10 2398 2396 0.08

20 2390 2381 0.38

31 2387 2375 0.50

∞ 2384 - -

post occurs when ξ = 2, or in other words when the thin
shorting post is placed right in the middle of the outer radiating
slot of the patch. For this particular patch antenna this shift
is around 230 MHz from the base resonance frequency. The
minimum shift occurs when the thin shorting post is placed at
one of the extreme ends of the slot (outer vertex) of the patch.
For this patch antenna this shift is around 100 MHz.

V. CONCLUSION

An extended transmission-line model is presented to model
a thin shorting post at the outer radiating slot of the conven-
tional rectangular patch antenna at any location. Quick design
solutions can be obtained when the model is implemented in
Matlab. The model provides an insight about how a conven-
tional rectangular patch antenna can be re-tuned to few other
frequencies by selecting the position of a thin shorting post.
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