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Abstract— A new type of tag antenna, which is made by placing
four identical planar inverted-L antennas (PILAs) in rotational
symmetry constellation, is proposed for designing a miniature on-
metal tag antenna. It shows good omnidirectional characteristics
in the azimuth plane. In the design, the directive radiation beams
of the respective PILAs are tactfully combined to form a stable
omnidirectional pattern. The proposed tag is compact with a
small size of 40 mm × 40 mm × 1.6 mm (0.122 λ × 0.122 λ ×
0.005 λ). Here, all the PILAs are inductively excited by a circular
loop, which also introduces additional reactance for improving
the impedance matching. The proposed tag antenna is able to
achieve a stable read distance of 5.9 m on metal in the azimuth
plane when it is tested using equivalent isotropic radiated power
of 4 W. The operating frequency of the tag is stable and it is not
affected much by changes in the backing metal.

Index Terms— Omnidirectional, on-metal, UHF radio fre-
quency identification (RFID) tag.

I. INTRODUCTION

THE demand for the UHF radio frequency identification
(RFID) tagging technology has been rapidly growing over

the past decades and its applications can now be found in many
sectors such as retail, logistics, transportation, and inventory
management. The UHF RFID tags, which are used as identi-
fiers for their tagged objects, are required to be small in size,
low in profile, long in read distance, and performing stably on
all platforms, particularly on metal. This is because the image
currents caused by the conducting surface can significantly
jeopardize the radiation performances of a tag antenna [1].
In many practical applications, omnidirectional tags are in
great demand as they are able to provide spatial coverage in
all directions in the azimuth plane. Among all, dipole and
monopole are the two most common antennas that are able to
provide good omnidirectional characteristics. The strip dipole
with a split-ring resonator (SRR) in [2] has good omnidi-
rectional radiation patterns in the vertical plane. However,
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such planar-type dipolar tag antenna loses its omnidirectional
characteristics and it becomes a directional antenna when it
is tagged on metal surface [3], [4]. Similar effect is also
observed in the planar monopolar tag antenna in [5]. Although
a monopole can be easily built vertically [6] on the metal plane
to radiate omnidirectionally, this is not practical as the antenna
profile is simply too high for designing a UHF RFID tag. In
[7], four planar folded dipoles are employed for designing an
omnidirectional antenna with gain fluctuation in the azimuth
plane of less than 2 dB. However, again, the antenna profile
is very high (∼27 mm). Also, the Alford loop antenna [8]
and capacitive-loaded loop antenna [9] have been employed
for designing various low-profile omnidirectional antennas that
have a radiation pattern similar to that of the vertical dipole.
Nevertheless, these antennas radiate only horizontally polar-
ized waves, making them not suitable for designing on-metal
tags. Due to the boundary condition, the horizontally polarized
waves rapidly attenuate on metal surface [10]. In recent years,
the patch and dielectric resonators have also been explored for
designing various omnidirectional antennas. The patch anten-
nas in [11] and [12] have employed multiple shorting vias/pins
to generate dual-polarized or even circularly polarized omni-
directional radiation patterns. However, fabricating metallic
vias/pins requires additional PCB processes, which are not
economical for commercial purposes. Moreover, the omnidi-
rectional characteristics of such antennas are usually very sen-
sitive to changes of locations and dimensions of the shorting
elements, making the tuning processes very tedious. A couple
of omnidirectional antennas which are designed using the
dielectric resonators can also be found in [13] and [14].
However, again, the resonators are high in profile and they
are costly due to the use of high-dielectric-constant materials.

In this article, a low-profile omnidirectional tag antenna
is proposed for on-metal applications. Four identical planar
inverted-L antennas (PILAs), each of which is a directive
antenna on its own [15], are closely placed in rotational
symmetry manner so that their radiation patterns can be
tactfully combined to form a good omnidirectional in the
azimuth plane on metal. A circular feeding loop, which is
used to excite all four PILAs simultaneously, is able to
introduce additional reactance to the antenna for achieving
conjugate match with the chip impedance. To the best of our
knowledge, the proposed antenna structure here is the first
planar omnidirectional patch-type tag antenna that is usable
for on-metal applications. Being not only compact in size but
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Fig. 1. Orthographic views of the antenna configuration.

also low in profile, it will be shown later that our proposed tag
antenna is vertically polarized and has good omnidirectional
characteristics in the azimuth plane on metal. This article is
organized as follows. In Section II, the antenna configuration is
studied and an equivalent circuit is developed for analyzing the
impedance characteristics of the tag antenna. The measurement
setup is further elaborated in Section III. The input impedance,
tag sensitivity, realized gain, and read patterns are presented
in Section III. The performances of the tag antenna are also
tested for several actual implementation scenarios.

II. CONFIGURATION AND EQUIVALENT CIRCUIT

A. Antenna Structure Design

The proposed antenna comprises two conductive layers:
four radiating patches that are placed in rotational symmetry
constellation on the top surface and a metallic layer which
functions as a ground plane underneath. The inlay is made by
etching away a copper lamination (t = 0.009 mm) which was
initially deposited on a flexible thin polyethylene terephthalate
(PET, 50 μm) film. Then, it is wrapped around a piece of
polyethylene foam substrate (εr = 1.06, tanδ ∼0.0001) [16]
which has a thickness of h = 1.6 mm. As can be deduced from
[7], [9], [12], and [13], the proposed antenna structure needs
four elementary resonators arranged in the form of a circular
array for achieving good omnidirectional radiation pattern
in the azimuth plane. This can be done by partitioning the
antenna structure into four identical quadrants to accommodate
the symmetric elements individually. Referring to Fig. 1, the
PILAs (PILA 1, PILA 2, PILA 3, and PILA 4) on the top
surface are all geometrically rotated (90◦). This arrangement
is able to improve the co-polarization level by having the
cross-polarization radiations from the elementary resonators
canceled out each other [17]. Referring to the same figure,
each of the patches is etched with a long notch ( ps) along its
right edge to carve out a long and thin inductive stub (lw).
The stub is to provide additional inductance for the PILA to
resonate at 915 MHz. Each of the PILAs is shorted to the
ground plane underneath through the inductive stub. Referring
to Fig. 1 again, the PILAs in the circular array are placed

Fig. 2. Surface current distribution on the tag antenna at a resonant frequency
of 915 MHz.

in series around the circular loop and they are simultaneously
excited through inductive coupling. The feeding loop, which is
made of a concentric high-impedance line, is also introducing
inductive reactance to the antenna impedance for achieving
conjugate match with the large capacitance of the chip [18].
Therefore, this design does not require additional matching
networks. A narrow gap on the loop is for accommodating the
RFID microchip (Monza 5) [19]. Finally, the design parame-
ters are optimized by using the genetic algorithm optimizer of
the CST Microwave Studio. In the design process, a few para-
meters (la = 40.00 mm, wa = 40.00 mm, and h = 1.6 mm)
are first fixed, while others are obtained through optimization
processes. By setting the antenna gain, power transmission
coefficient, and magnetic coupling between the loop and the
PILAs as the objective functions, the optimization processes
will be halted automatically as soon as all the functions are
met. After several iterations, the optimized values are found
to be: l1 = 18.70 mm, lw = 0.80 mm, w1 = 19.00 mm,
gs = 1.00 mm, gc = 0.25 mm, fw = 1.00 mm, fr = 5.00 mm,
and ps = 0.50 mm.

In simulation, the tag antenna is placed at the center of
a piece of 20 × 20 cm2 aluminium plate as it is designed
to be used for on-metal applications. The simulated surface
current distribution is shown in Fig. 2. High current densities
are found along the stubs that join the patches to the ground,
showing that the stubs’ width can be effectively used for tuning
the impedance of the tag antenna. In addition, it is found
that the feeding loop has successfully excited all the four
PILAs, making them resonate in the same phase. To further
verify this, the electric and magnetic field distributions are
simulated and illustrated in Fig. 3. Owing to the low-profile
structure, with reference to Fig. 3(a) and (b), four cavities are
formed in between radiating patches and the ground plane.
Due to the existence of the top (patches) and bottom (ground)
metallic layers, the tangential electric fields must be zero in
the cavities to satisfy the boundary condition, as shown in
Fig. 3(a). The electric fields are found to be stronger around
the edges of the patch. This is reasonable as the open edges
are electrically open. It is also found that the electric field
distribution of the proposed antenna is very similar to that
radiated by a vertical dipole, which is vertically polarized.
With reference to Fig. 3(b), transverse magnetic (TM) fields
are formed inside the cavities. From the electric and magnetic
field distributions, it can be concluded that all the PILAs are
resonating at the TM mode, which is typical for patch-like
resonators. The conventional mode annotation cannot be used
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Fig. 3. (a) Electric field and (b) magnetic field distributions at resonance.

Fig. 4. 3-D simulated radiation pattern.

here as the patch size is electrically very small. Meanwhile,
strong magnetic fields at the center show that good inductive
coupling between the feeding loop and the PILAs has been
achieved. The feeding loop in this design is electrically small
and it has poor radiation efficiency. As a result, it is only
able to function as an exciter and it does not contribute to the
far-field radiation. With reference to Fig. 4, the tag antenna
exhibits good omnidirectional characteristics in all directions
in the azimuth plane, achieving a constant antenna gain of
approximately −5.08 dBi when it is tagged on an aluminium
plate. It is also found that the proposed tag antenna is able to
achieve a radiation efficiency of ecd = 0.217 at resonance,
which is a reasonable value for an electrically small tag
antenna [20].

To show the necessity to have four PILAs for designing the
proposed omnidirectional tag antenna, the radiation patterns
for the cases of one and two PILAs are also simulated and the
results are shown in Figs. 5 and 6. As shown in Fig. 5, the
achievable antenna gain is approximately −9 dBi when only
PILA 1, 2, 3, or 4 is involved, with the main beam pointing in
the direction of φ = 180◦, 90◦, 0◦, and 270◦, respectively. The
maximum field point is θ = 47◦ due to the existence of the
aluminium plate. With reference to Fig. 6, when the two PILAs
are incorporated into the tag design, the beam coverage can
be increased depending on the arrangement of the resonators.
When the two PILAs are placed side by side, as shown in
Fig. 6(a)–(d), the respective beamwidth is further broadened
to cover a broader range annularly in the azimuth plane.
As a result, the antenna gain has improved to approximately
−6 dBi, seeing a 3 dB increase in the magnitude. This is not
unusual and it can be explained by the array theory, which
relates the antenna gain with the number of elements in the
array. However, when the two PILAs are diagonally placed, as
shown in Fig. 6(e) and (f), a nearly omnidirectional radiation
pattern is obtainable. The field distribution is not even and
the difference between the maximum and minimum gains

Fig. 5. 3-D simulated radiation patterns of (a) PILA 1, (b) PILA 2,
(c) PILA 3, and (d) PILA 4.

Fig. 6. 3-D simulated radiation patterns of (a) PILAs 1 and 4, (b) PILAs
1 and 2, (c) PILAs 2 and 3, (d) PILAs 3 and 4, (e) PILAs 1 and 3, and
(f) PILAs 2 and 4.

is ∼1 dB. It shows that employing all four PILAs into the
circular array arrangement is effective for achieving uniform
field distribution in all the azimuth directions.

Subsequently, parametric analysis is performed in order to
analyze the effects of the design parameters. The effects of
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Fig. 7. Effects of changing the dimensions (a) fr and (b) fw of the feeding
loop. Other parameters remain unchanged.

Fig. 8. Effect of varying the coupling gap between the feeding loop and the
PILAs.

changing the dimensions of the feeding loop are first studied
and the simulated results are shown in Fig. 7. Increasing the
loop radius ( fr ) and reducing the trace width ( fw) make the
loop more inductive, causing the input reactance (Xin) to
increase at the rate of 74.80 and 88.70 �/mm, respectively.
It shows that changing the loop dimensions is useful for
improving the impedance matching. The effect of the coupling
gap (gc) on the antenna impedance is also studied in Fig. 8.
Changing gc introduces small tuning sensitivity of ∂ f /∂gc =
15 MHz/mm, which is suitable for fine-tuning purpose.

Next, the effects of changing the dimensions of the four
PILAs are studied and the simulated impedances are plotted
in Fig. 9. As shown in Fig. 9(a), changing the stubs’ width (lw)

Fig. 9. Effects of changing the design parameters (a) lw and (b) ps of the
PILAs.

allows Xin to be tuned in a wider range, making this parameter
useful for coarse-tuning the resonant frequency from 862 to
934 MHz. Similar effect is also observed in Fig. 9(b) when
the notches’ width (ps) is increased.

B. Equivalent Circuit Model

Next, the equivalent circuit model of the proposed tag
antenna is derived for analyzing its impedance characteristics.
With reference to Fig. 10(a), the circular loop is magnetically
coupled to all the four PILAs concurrently and its equivalence
can be modeled as a series of lumped resistance and inductance
that are connected in parallel to a shunt capacitance [21]. The
parasitic capacitance (C f ), which is attributed to the input
port in the small circular loop, is trivial and as a result,
it is neglected in the subsequent derivations. The loss and
radiation resistances [22] of the feeding loop can be expressed
as the first and second terms in (1), respectively, and the total
resistance is calculated to be R f = 0.139 �

R f = π fr

( fw + t)

√
π fρμ0 + 20(2π)4

(
π f 2

r

λ2

)2

(1)

where the copper resistivity is ρ = 1.72 × 10−8�·m. The
equivalent inductance of the feeding loop (L f ) is calculated
to be 14.967 nH by using the approximation equation given
as follows [23]:

L f = μ0 fr

[
ln

(
16 fr

fw

)
− 2

]
. (2)
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PILAs, which are also the elementary radiators of the proposed
antenna, can be modeled as lumped elements R, C , and L
cascaded in series. Referring to Fig. 10(a) again, the equivalent
inductance (L) of each PILA is modeled as three partial
inductances in order to facilitate the subsequent derivations.
In the case of PILA 1, for example, the partial inductances
are contributed by the radiating patch (Lr1), the arc (La1),
and the straight-line segment (Ls1) of the inductive stub, and
they can be approximated by using (3)–(5) [24], [25]. The
total inductance of PILA 1 (L1) ends up to be 15.469 nH
after adding up the partial inductances

Lr1 = μ0w1

2π

[
ln

(
2w1

l1 + t

)
+ 1

2
+ 2

9

(
l1 + t

w1

)]
(3)

La1 = μ0xa

2π

[
ln

(
lw + ps

lw + t

)
+ 3

2

]
(4)

Ls1 = μ0(xs + h)K
(
k �)

4K (k)
(5)

where xs = 13.92 mm and xa = 8.55 mm are the lengths
of the straight and arc segments of the inductive stub, respec-
tively. K (k) = 1.658 and K (k �) = 2.266 are the complete
elliptic integral of the first kind with k = (lw – δ)/(lw+
2 ps +δ) = 0.443, k � = √

(1 – k2) = 0.897, and the skin depth
is δ = 2.18 × 10−6 m. The resistance of the PILA 1 (R1),
which is the sum of the loss resistance (Rloss) and the radiation
resistance (Rrad) defined in (6) and (7), is approximated to be
R1 = 0.410 � [26], [27]

Rloss = ρKcs1

lwt
(

1 − exp
(
− 2δ

t

(
1 + t

lw

))) (6)

Rrad = 30β2(2h)2

cos2 βs

⎡
⎢⎣

1

2

(
cos2 βs + sin2 βs1 + cos2 βs2

)
− cos βs cos βs2

sin βs1

βs1

⎤
⎥⎦ (7)

where the current crowding factor is Kc = 1.81, β = 2π /λ,
s1 = xa + xs+ h, s2 = l1 + w1, and s = s1 + s2. Meanwhile,
the capacitive loading (C1 = 1.870 pF) between the radiating
patch and the ground plane underneath can be determined by
using the following:

C1 = ε0εr A p

h
(8)

where A p = 0.000325 m2 is the effective area of the radiating
patch.

As illustrated in Fig. 3(b), strong magnetic flux at the
center shows that coupling only involves the feeding loop
and the arc segments of the PILAs. As a result, a simplified
circuitry, as shown in Fig. 10(b), can be used for analyzing
the mutual coupling. This circuit resembles a conventional
multiwinding transformer [28], where the voltage and current
on each secondary winding (PILA) are induced (M f 1, M f 2,
M f 3, and M f 4) by the primary winding (feeding loop). With
the use of Kirchhoff’s law, the circuit equations, which include
the effects of the self and mutual partial inductances, can be

Fig. 10. Development of the equivalent circuit model. (a) General circuit
model. (b) Simplified circuit model. (c) T-type circuit model. (d) Final circuit
model.

derived as follows:

V f = L f
di f

dt
−M f 1

di1

dt
−M f 2

di2

dt
−M f 3

di3

dt
−M f 4

di4

dt
(9)

V1 = −M f 1
di f

dt
+La1

di1

dt
+M12

di2

dt
+M13

di3

dt
+M14

di4

dt
(10)

V2 = −M f 2
di f

dt
+M12

di1

dt
+La2

di2

dt
+M23

di3

dt
+M24

di4

dt
(11)

V3 = −M f 3
di f

dt
+M13

di1

dt
+M23

di2

dt
+La3

di3

dt
+M34

di4

dt
(12)

V4 = −M f 4
di f

dt
+M14

di1

dt
+M24

di2

dt
+M34

di3

dt
+La4

di4

dt
.

(13)
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Fig. 11. Simulated and modeled input impedances of the tag antenna (R f =
0.139 �, L f = 14.967 nH, M f p = 1.45 nH, Rp = 0.410 �, L p = 15.469
nH, and C p = 1.870 pF).

Since all the PILAs are identical and geometrically orthogonal,
the mutual couplings of the arc segments are negligible (M12 =
M13 = M14 = M23 = M24 = M34 = 0). Hence, (9)–(13)
can be further reduced and a T-type equivalent circuit can be
drawn, as shown in Fig. 10(c), where

V f = (
L f − M f p

)di f

dt
+ M f p

d
(
i f − 4i p

)
dt

(14)

Vp = −M f p
d
(
i f − 4i p

)
dt

+ (
La − 4M f p

)di p

dt
(15)

where M f p = M f 1 = M f 2 = M f 3 = M f 4, i p = i1 = i2 =
i3 = i4, La = La1 = La2 = La3 = La4, and Vp = V1 =
V2 = V3 = V4. Finally, other lumped elements (Ls = Ls1 =
Ls2 = Ls3 = Ls4, Lr = Lr1 = Lr2 = Lr3 = Lr4, Rp =
R1 = R2 = R3 = R4, Cp = C1 = C2 = C3 = C4, and
L p = Lr + La + Ls) are also included to obtain the final
equivalent circuit in Fig. 10(d). The input impedance of the
proposed tag antenna Zin can, therefore, be expressed as

Zin = R f + jωL f + 4
(
ωM f p

)2 Rp − jα

R2
p + α2

(16)

where α = ωL p – 1/ωCp. The mutual partial inductance is
found to be M f p = 1.45 nH. As can be deduced from (16),
the feeding loop can directly affect the antenna impedance by
introducing the additional lumped elements R f and L f .

Next, the modeled impedance curve is compared with
its simulated counterpart in Fig. 11, where good agreement
has been observed, showing that the equivalent circuit is
reasonable. The conjugate impedance of the chip, as shown
in the same figure, is also shown for visualizing the tag
resonance. They are derived from the parallel lumped resis-
tance (Rc = 1.80 k�) and capacitance (Cc = 1.07 pF), as
given in the datasheet [19], by using the parallel-to-series
circuit transformation. The tag resonant frequency is found
to be 915 MHz. With reference to Fig. 11, the intersecting
resistance and reactance are found to be 12.07 and 161.51 �,
respectively. This indicates that good impedance matching
between tag antenna and the microchip is achieved and the
power transmission coefficient (τ ) at resonance is close to
one.

Fig. 12. (a) Top-down view of the fabricated tag antenna. (b) Tag antenna
measurement setup in the anechoic chamber.

III. RESULTS AND DISCUSSION

The prototype of the proposed tag antenna is fabricated and
its read distance and realized gain are measured using the
Voyantic Tagformance system, as shown in Fig. 12. Referring
to Fig. 12(b), the tag is placed at the center of a piece of
20 × 20 cm2 aluminium plate on a rotator inside the anechoic
chamber. A linearly polarized reader antenna with a gain of
6 dBi is used and it is placed in the +x-direction of the
tag with a fixed distance. This is because the proposed tag
antenna has a maximum radiation in the azimuth plane. During
the measurement, the reader antenna changes its transmitted
power gradually until a backscattered power is received from
the tag. This power is the threshold of the reader’s transmitted
power (Pt) which is sufficient to turn on the tag. Based on the
obtained Pt , the tag sensitivity (Ptag) can then be calculated
as Ptag = Pt × Ll , where Ll is the measured forward-link
loss. In the threshold measurement, the chip sensitivity can
be related to Ptag by Pc = Ptag × G, where G = Gtag× τ .
Both Ptag and G are derived using Friis transmission equation
[29]. After rearranging the terms, G can be expressed as
G = Pc/Ptag = Pc/(Ll× Pt ).

The simulated and measured realized gains as well as the
measured tag sensitivity are plotted in Fig. 13. Referring to
the same figure, the resonant frequency is measured to be
910 MHz with a realized gain of −6.71 dBi, which is slightly
deviated from the simulated result (−5.17 dBi) at 915 MHz.
The discrepancy is not unusual as microchip tends to have a
larger fabrication tolerance. The tag antenna is found to have
achieved the best sensitivity of −11.10 dBm at resonance.

The read distances of the proposed tag antenna are measured
in different cut-planes in order to study its radiation properties.
With reference to Fig. 12(b), a reader antenna, which is
vertically polarized with respect to the tag antenna, is placed
in the +x-direction of the tag with a fixed distance. Then, the
tag’s z-axis is aligned with the rotator’s axis of rotation for
obtaining the read pattern in the xy plane. For measurements
in the xz and yz planes, the reader antenna is placed right above
the tag antenna with a fixed distance, while allowing the tag
antenna to rotate about its own y- and x-axes, respectively.
Good omnidirectional radiation patterns have been obtained,
as shown in Fig. 14. In the xy plane measurement, as shown
in Fig. 14(a), a read distance of 5.9 m with even spatial
coverage in the azimuth plane has been obtained. Fluctuation
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Fig. 13. Realized gain and tag sensitivity curves of the tag antenna when it
is used on metal.

Fig. 14. Read patterns of the proposed tag antenna at the resonant frequency
of 910 MHz. (a) xy plane. (b) yz and xz planes.

in the read distance is found to be less than ∼0.1 m. With
reference to Fig. 14(b), typical doughnut-shaped read patterns
are observed in the xz and yz planes, with a null located in the
direction normal to the tag antenna. It should be mentioned
that the tag antenna is designed to be placed on the top
surface of a metallic container, which is placed on a rack
in the department store, for providing spatial coverage in the
azimuth plane around it. In other words, the tag must be
readable by the readers that are interrogating in all directions
in its azimuth plane. For such application, an omnidirec-
tional tag antenna that is able to work on metal surface is
preferable.

The proposed tag antenna is also tested for several imple-
mentation scenarios with a couple of metallic household prod-
ucts randomly selected from a department store. As shown in
Fig. 15(a), read distances for all the household products, which
are measured from the x-axis direction, are all greater than
5.7 m. For all cases, it is noted that the tag’s resonant frequency
is very stable and it is not affected much by the backing
metallic object, which is very desirable. With reference to
Fig. 15(b), the fluctuation level in the omnidirectional patterns
is found to be smaller than ∼1.3 m when the tag antenna
is tested on different household products, showing that the
omnidirectional characteristics are not affected much by the
backing platform.

The proposed tag antenna is also compared with some other
omnidirectional UHF tag antennas available in the literature.
Referring to Table I, the tag in [30] is able to achieve the same

Fig. 15. (a) Read distances and (b) read patterns when the proposed tag
antenna is tested on different household products.

read distance as ours with a much lower profile. However, this
tag has a much poorer omnidirectional radiation characteristic,
where the gain variation in the desired radiation plane is found
to be 2.6 dB. Moreover, without the ground layer for isolation,
the tag’s resonance can get detuned when it is attached on
different dielectric materials. Meanwhile, the tag with a much
larger footprint (91 mm × 91 mm) in [31] has very limited
applications although it has better performances in terms of
bandwidth, stability of omnidirectional radiation pattern, and
read distance. Different from the previously mentioned tags,
the tag presented in [9] has good omnidirectional radiation
characteristic (gain fluctuation of about 0.1 dB) and far read
distance. However, this antenna structure, which is in an inlay
form (the overall thickness is about 0.06 mm), requires a 2 mm
spacer before it can be tagged on an object. Even so, the tag’s
resonant frequency was reported to have shifted by 20 MHz
when it was tested on different dielectric constant materials.
This could become a severe limitation when it is to be used
for RFID applications. In [3], the tag that is close in size to
ours is only able to achieve 2.8 m of read distance. Despite
having a broader bandwidth, the tag loses its omnidirectivity
when it is placed on metallic surface. This is because a planar
dipole tends to have omnidirectional radiation pattern in its
elevation plane and it can significantly vary with the electrical
properties of the tagging object. Moreover, due to the boundary
condition, all the above-mentioned tags, which are all hori-
zontally polarized, are not able to provide spatial coverage
in the azimuth plane when they are tagged on a metallic
object.
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TABLE I

COMPARISON OF DIFFERENT OMNIDIRECTIONAL UHF TAGS

IV. CONCLUSION

A planar patch-type omnidirectional tag antenna has been
proposed for on-metal applications. The directive radiation
patterns of four PILAs, which are simultaneously excited by
a circular loop, have been tactfully combined to design an on-
metal tag that has good omnidirectional characteristics with
low gain fluctuation in the azimuth plane. The loop exciter
is found to be able to introduce additional reactance so that
the antenna impedance can conjugate match with the chip
impedance. The proposed tag antenna has compact size and
low profile; it can be employed for practical applications that
require sensing capability in all directions in the azimuth
plane.
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