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Abstract—Small ultra high frequency (UHF) radio frequency identiﬁcation (RFID) tags of fragmenttype structure can be designed for broadband operation and for versatile impedance matching to
diﬀerent chips. The fragment-type tag structure can be optimized by using genetic algorithm. In
our design, multi-objective evolutionary algorithm based on decomposition combined with enhanced
genetic operators (MOEA/D-GO) is used for optimization searching. The multiple objectives are deﬁned
in terms of power transmission coeﬃcients for operation in multiple RFID bands and for impedance
matching to several prevailing RFID chips. For demonstration, a fragmented tiny square UHF tag of
dimensions of 5.5 mm ∗ 5.5 mm is designed for multi-band operation over the 433 MHz, 869 MHz and
915 MHz RFID bands, and a fragmented round tiny RFID tag of radius of 4.5 mm is also designed for
versatile connection to ﬁve prevailing RFID chips at 915 MHz. The tiny round versatile tag is tested
by connecting two chips, the IMPIMJ Monza-4 chip (11 − 143j) and ALIEN Higgs-3 chip (27 − 195j),
respectively. Eﬀects of input impedance and adjunct fragments on versatility of the design are further
discussed.

1. INTRODUCTION
In recent years, radio frequency identiﬁcation (RFID) has found more and more applications in diﬀerent
ﬁelds, and various ultra high frequency (UHF) RFID tags have been developed. Nowadays, more stress of
RFID is laid on application speciﬁc designs such as UHF RFID tag of antenna tolerance to variations in
the platform [1, 2], RFID sensor tags [3–5], RFID-involved wearable technology [6] and green/renewable
technology [7]. In these designs, traditional antenna structures with canonical geometry may become
unpractical for RFID tags, and novel antenna structures are highly desired.
Fragmented geometry has been proposed for antenna design for years [8–12]. It is generally noted
that fragment-type antennas may provide great convenience for impedance matching and broadband
operation [13, 14]. Fragment-type antennas or structures should ﬁnd application in UHF RFID tag
design.
Recently, fragment-type antennas were considered in UHF RFID tag designs [15, 16]. In [15], RFID
tags with fragment-type structures on area of 5 cm ∗ 5 cm were designed for EM4223 and Alien RFID
chips operated at 869–960 MHz. In the design, approximately 1/4 of the tag antenna area was used for
fragment metal cells. In [16, 17], impedance characteristics of fragment-type tag antennas were analyzed.
It was reported that for diﬀerent IC chips, diﬀerent fragment-type antenna structures can be designed
for impedance matching without much change to the design process. A universal design process for
fragmented RFID tag design is quite reasonable.
In fact, advantages of fragment-type antennas can be carried forward in UHF RFID tag design in
two more aspects. First, the broadband operation of fragment-type antenna will beneﬁt the design of
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UHF RFID tag suitable for multiple RFID bands, i.e., one tag may operate at diﬀerent UHF RFID
bands such as 433 MHz, 869 MHz and 915 MHz RFID bands. Second, ﬂexible impedance matching
performance of fragment-type antenna provides the possibility that diﬀerent RFID chips may ﬁt one
tag structure. Therefore, versatile UHF RFID tag for multiple RFID operation bands and for diﬀerent
RFID chips can be desired if using fragment-type structure, which may beneﬁt the design and production
of RFID tags.
In practice, tiny UHF RFID tags may ﬁnd more and more applications in small object identiﬁcation
such as medical test tube identiﬁcation. The design of versatile and tiny UHF RFID tags is still a
challenge. Although fragment-type structure allows designing RFID tags of diﬀerent shapes according
to diﬀerent deployment requirements on small objects, it is still unknown whether or not fragment-type
structures can be designed in a tiny UHF RFID tag which can operate on multiple UHF RFID bands
or can connect to diﬀerent prevailing RFID chips.
In this paper, we propose a scheme for designing tiny fragment-type UHF RFID tags that allow
multi-band operation or versatile connection to diﬀerent RFID chips. To this aim, multiple design
objectives can be deﬁned in terms of power transmission or reﬂection coeﬃcient. Accordingly, design of
a tiny versatile fragment-type tag forms a multi-objective problem. Several multi-objective evolutionary
algorithms (MOEA) can be used to solve the multi-objective problem [18, 19]. In our design, multiobjective evolutionary algorithm based on decomposition with genetic operators (MOEA/D-GO) [20]
is applied to solve the multi-objective problem for versatile fragmented UHF RFID tag design.
The paper is organized as follows. In Section 2, multi-objective problem of tag design for multiband operation and versatile connection to diﬀerent prevailing RFID chips are deﬁned, and scheme for
MOEA/D-GO fragmented tag design is introduced. In Section 3, we report the design of a fragmented
tiny square UHF tag operating at the 433 MHz, 869 MHz and 915 MHz RFID bands, and the design
of a fragmented round tiny RFID tag versatile for ﬁve prevailing RFID chips at 915 MHz. The round
tiny tag is tested for veriﬁcation by connecting to a commercial IMPINJ Monza-4 chip and an ALIEN
Higgs-3 chip, respectively. In Section 4, eﬀects of RFID chip impedance and adjunct fragment cells
of the designed tag on tag performance are further analyzed. Both simulation and experiment results
indicate that RFID tag with fragmented structure provide ﬂexibility for diﬀerent RFID chips.
2. MOEA-BASED FRAGMENTED TAG DESIGN
2.1. Description of Fragmented Tag Geometry
As shown in Fig. 1, fragment-type RFID tag structure can be described by gridding a designated tag
area, assigning “1” and “0” to diﬀerent cells, and ﬁlling cells marked “1” with metal cells. Generally, a
design matrix can be deﬁned according to the distribution of “1” and “0”, in a straightforward sequence
or other speciﬁed sequence.
With the design matrix, diﬀerent chromosomes can be readily deﬁned for evolutionary algorithms.
Design of a fragmented UHF RFID tag is to seek a proper design matrix to meet the objectives required
by the tag performance.
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Figure 1. Deﬁnition of a fragmented RFID tag within a designated tag area.
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2.2. Multiple Objectives for Multi-Band and Versatile Tags
In RFID tag design, eﬃciency of power transmitted from tag antenna to RFID chip is the major
concern [21, 22]. Therefore, conjugate match between input impedance of an RFID chip and input
impedance of a tag antenna is highly desired.
For fragmented RFID tag optimization, power wave reﬂection coeﬃcient or power transmission
coeﬃcient, in terms of conjugate impedance match to UHF RFID chip, can be deﬁned as objective for
optimization. For RFID chip of input impedance Zc , power wave reﬂection coeﬃcient Γp [23] is deﬁned
as
Zant − Zc∗
Γp =
,
(1)
Zant + Zc
where Zant is the input impedance of fragmented tag antenna.
For diﬀerent design requirements, diﬀerent objectives can be deﬁned. In terms of the conventional
−10 dB reﬂection loss requirement, two typical design scenarios are as follows:
1) For design of UHF RFID tag with multiple operation bands (e.g., there are m operation bands),
we may deﬁne multiple objectives as
fi (x) = max(10 −

min

ωi ∈[ωi1 ,ωi2 ]

|Γp | , 0)

(i = 1, 2, ..., m),

(2)

where [ωi1 , ωi2 ] (i = 1, 2, . . . , m) deﬁnes the ith operation band. It should be remarked that one objective
may be deﬁned if broadband operation covering the m bands can be obtained.
2) For design of UHF RFID tag with a versatile structure to connect diﬀerent RFID chips (e.g.,
there are m chips to match), we may deﬁne multiple objectives as
fi (x) = max(10 − |Γpi |ωi ∈[ωi1 ,ωi2 ] , 0)

(i = 1, 2, . . . , m),

(3)

where [ω1 , ω2 ] deﬁnes the operation band and Γpi represents the power wave reﬂection coeﬃcient when
connected to the ith chip, i.e.,
Γpi =

∗
Zant − Zci
Zant + Zci

(i = 1, 2, . . . , m),

(4)

In (4), Zci is the input impedance of the ith RFID chip.
To characterize tag read range as in [21], power transmission coeﬃcient could be more convenient.
In terms of Γp , power transmission coeﬃcient can be calculated by
Tp = 1 − |Γp |2 ,

(5)

thus the −10 dB reﬂection loss indicates −0.46 dB power transmission coeﬃcient. The objectives in (2)
and (3) can also be deﬁned in terms of power transmission coeﬃcients.
With the objectives deﬁned above, the multi-objective problem for fragment-type RFID tag design
is generally given as
minimize F (x̄) = (f1 (x̄), f2 (x̄), ...fm (x̄)),
subject to x̄ ∈ Ω,

(6)

where Ω is decision space, and x̄ is a decision variable which deﬁnes a fragment-type RFID tag structure.
2.3. MOEA/D-GO for Fragmented Tag Design
To solve multi-objective problem deﬁned as in (6), diﬀerent multi-objective evolutionary algorithms
(MOEAs) can be used. However, for fragmented tag of a large amount of fragment cells, an eﬃcient
MOEA algorithm is always desired.
Recently, a high-eﬃciency multiobjective optimization technique for fragmented antenna design,
referred to as multiobjective evolutionary algorithm based on decomposition combined with enhanced
genetic operators (MOEA/D-GO), was proposed [20]. MOEA/D-GO carries forward all advantages of
MOEA/D and genetic algorithm (GA). Detailed introduction and ﬂowchart of MOEA/D-GO can be
found in [20].
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For fragmented UHF tag design, MOEA/D-GO scheme must be combined with electromagnetic
simulator. Typical block diagram in terms of HFSS as EM simulator is shown in Fig. 2. The optimization
kernel is constructed by using MOEA/D and HFSS [24]. For function evaluation, Matlab [25] can be
integrated into the optimizer. In our design in this paper, MOEA/D-GO is implemented by using Visual
C++ 6.0. The overall computational cost is mainly determined by the EM simulator.

Figure 2. Block diagram of fragmented tag design with MOEA/D-GO.

3. FRAGMENTED TINY UHF RFID TAG DESIGN
For demonstration, we consider the design of a fragmented tiny square UHF tag operating at the
433 MHz, 869 MHz and 915 MHz RFID bands for an assumed chip impedance and the design of a
fragmented round tiny RFID tag matching to several prevailing RFID chips at 915 MHz.
3.1. Design of a Fragmented Multi-Band Square UHF Tag
The tiny fragmented square UHF tag is supposed to have dimensions of 5.5 mm ∗ 5.5 mm, which is
approximately λ/60 at 915 MHz. For fragmented structure design, the square tag area is gridded into
cells of dimensions of 0.25 mm ∗ 0.25 mm (i.e., 22 ∗ 22 cells in total). The RFID chip is set at the center
of the tag, where an area of 2 mm ∗ 1 mm (8 ∗ 4 cells) is left for the mount of a chip packaged with
interposer.
Due to the broadband performance of fragmented antenna structure, we try a design by deﬁning
one objective instead of multiple objectives in (2), where a broad bandwidth covering the 433 MHz,
869 MHz and 915 MHz RFID bands is required. For example, we consider multi-band design for an
assumed input impedance of 10 − 64j (Ω). For this scenario, the MOEA/D-GO will reduce to ordinary
single-objective genetic algorithm.
Several candidate fragmented tag structures have been obtained by running the optimization
searching. Fig. 3 shows one of the fragment-type layouts.
Power transmission coeﬃcient of fragmented tag with layout shown in Fig. 3 is calculated and
depicted in Fig. 4. From the results presented in Fig. 4, we ﬁnd that the optimized fragmented tiny
UHF tag does have an operation bandwidth ranging from 320 MHz to 1020 MHz, if measured by power
transmission coeﬃcient of −0.46 dB.
Therefore, tiny square UHF tag for RFID 433 MHz, 869 MHz and 915 MHz bands can be designed
with fragment-type structure.
It should be remarked that presently available RFID chips for diﬀerent RFID bands do not have
the constant impedance as assumed in above design example. When designing tag versatile to diﬀerent
chip impedance at diﬀerent RFID bands, multiple-objective combining (2) and (3) should be proposed.
3.2. Design of a Versatile Fragmented Round UHF Tag
The tiny versatile fragmented round UHF tag is supposed to have diameter of 9 mm which is
approximately λ/36 at 915 MHz. For fragmented structure design, the round tag area is gridded into
cells of dimensions of 0.5 mm ∗ 0.5 mm (i.e., 18 ∗ 18 cells in total). The RFID chip is to be set at the
center of the tag, where an area of 1.2 mm ∗ 0.8 mm (3 ∗ 2 cells) is left for the mount of a packaged chip.
To demonstrate the versatility of fragment-type tag structure, we try to design a fragmented round
tiny tag that can be connected to ﬁve commercial RFID chips at 915 MHz RFID band. Input impedances
of ﬁve prevailing RFID chips at 915 MHz are listed in Table 1.
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Figure 3. Layout of fragmented square tag for
RFID 433 MHz, 869 MHz and 915 MHz bands.
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Figure 4. Power transmission coeﬃcient of
the tiny square tag connected to chip of input
impedance of 10 − 64j (Ω).

Two design schemes can be considered if a fragmented RFID tag is to be designed to ﬁt all ﬁve
chips. One is to deﬁne a power wave reﬂection coeﬃcient for every of the ﬁve chips, which will yield
ﬁve power wave reﬂection coeﬃcients, and thus lead to a ﬁve-objective optimization problem as in (3).
The other is to deﬁne two power wave reﬂection coeﬃcients according to the upper and lower bounds
of those chip impedances in Table 1, and to form a two-objective optimization problem as in (3).
Table 1. RFID chips for UHF RFID tags @ 915 MHz.
RFID chip
IMPINJ Monza-4 [26]
ALIEN Higgs-3 [27]
ALIEN Higgs-4 [28]
TI RI-UHF-STRAP-08 [29]
NXP UCODE G2XM [30]

chip impedance Zci (Ω)
11 − 143j
27 − 195j
18 − 181j
10 − 64j
30 − 189j

read sensitivity (dBm)
−16.9
−18
−18.5
−13
−15

It should be remarked that both the design schemes can be performed in another way by ﬁxing the
chip impedance, and varying the input impedance of tag antenna. This will lead to design of platformtolerant tag. In general, input impedance of a designed tag antenna may change with the platform or
object the tag attached. Deﬁning a large dynamic range in the schemes will yield better tag tolerance.
Obviously, solving a two-objective optimization problem is easier than solving a ﬁve-objective
optimization problem. From Table 1, we may deﬁne the two impedance bounds as Z1 = 10 − 64j (Ω)
and Z2 = 30−195j (Ω). For Z1 and Z2 , two reﬂection coeﬃcients (Γp1 and Γp2 ) can be deﬁned according
to (4), and thus the two design objectives can be speciﬁed as
fi (x) = max(10 − |Γpi |ωi ∈915 MHz

Band , 0)

(i = 1, 2),

(7)

As shown later in Section 4, design of fragmented RFID tag of versatile connection to any of the
ﬁve prevailing UHF RFID chips can be attributed to a typical two-objective optimization problem as
in (7).
For the two-objective multi-objective problem, MOEA/D-GO optimization can be run to search
optimal fragment distribution in the round area. Several candidate fragmented tag structures can be
provided by the optimization searching.
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Figure 5 shows one of the fragment-type tag layouts. Two power transmission coeﬃcients of the
fragmented tag are depicted in Fig. 6 when connected to “chip” of input impedance of Z1 = 10−64j (Ω)
and Z2 = 30 − 195j (Ω), respectively.
From Fig. 6, we observe that the fragmented tag in Fig. 5 can operate for chips of input impedance
of the upper and low bounds of impedances listed in Table 1. Therefore, it can be connected to any
chips listed in Table 1. Detailed analysis of such versatility will be given in Section 4.

chip

Power Transmission Coefficience (dB)

0
-0.46

-0.5

-1

-1.5

-2
911 MHz

-2.5
30-195j
10-64j

y
z

x

Figure 5. Layout of fragmented round tag for
versatile connection to diﬀerent RFID chips.

-3

0.5

1
1.5
Frequency (GHz)

2

Figure 6. Power transmission coeﬃcients of
the versatile round tag when connected to chip
of the upper and lower bound input impedance,
respectively.

For veriﬁcation, we connect IMPINJ Monza-4 (11 − 143j) chip and ALIEN Higgs-3 (27 − 195j) chip
in Table 1 to the fragmented round tag structure, respectively. Prototypes of the designed fragmented
tags on Rogers 4350b PCB, with two of them connected to IMPINJ Monza-4 and ALIEN Higgs-3 chip,
are shown in Fig. 7. The Rogers 4350b PCB has a dielectric constant of 3.66, loss tangent of 0.004, and
thickness of 1.524 mm.
Simulated power transmission coeﬃcients for the tiny round tags connected to IMPINJ Monza-4
and ALIEN Higgs-3 chips are depicted in Fig. 8. Judging from the power transmission coeﬃcients in
Fig. 8, we ﬁnd that the two chips can operate well on the fragmented round tag at 915 MHz RFID band.
Fig. 9 shows the calculated non-normalized radiation pattern of antenna of the versatile fragmented
round tag.
The two prototype RFID tags are tested by using Alien ALR-9900 RFID reader in a mono-static
measurement. In the test, a linear polarized reader antenna with a gain of 6 dBi is used, and the reader
system is set to have an EIRP of 1 W at 915 MHz. The test system is shown in Fig. 10.
Two basic fact will help the test scheme. First, the tiny round tag is so small that it will operate in
the near ﬁeld of the Alien reader antenna. Second, the tiny round tag has a dipole-like antenna pattern
as shown in Fig. 9, thus we may have diﬀerent read ranges when the tag is set at diﬀerent orientations
in front of the reader antenna.
When the round tag was set face-to-face with the reader antenna, we measured a maximum read
range of approximately 22 cm for the tag with ALIEN Higgs-3 chip connected, and 19 cm for the tag
with IMPINJ Monza-4 chip connected.
When the tag was set with its side to the reader antenna, we measured a maximum read range of
approximately 30 cm for the tag with ALIEN Higgs-3 chip, and 25 cm for the tag with IMPINJ Monza-4
chip.
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Figure 8. Power transmission coeﬃcients of
the versatile round tag with IMPINJ Monza-4
(11 − 143j) chip and ALIEN Higgs-3 (27 − 195j)
chip, respectively.

With the read sensitivities of the two RFID chips listed in Table 1, we may evaluate the maximum
read range. Comparison between the measured and evaluated maximum read ranges are listed in
Table 2.
Table 2. Maximum read range for tags with diﬀerent chips connected.
Tag
IMPINJ Monza-4
ALIEN Higgs-3

Tag-Reader deployment

measured (cm)

evaluated (cm)

face-to-face

19

25

side-to-face

25

37

face-to-face

22

28

side-to-face

30

43

Figure 11 depicts the measured read range patterns of the round tag with ALIEN Higgs-3 chip.
The pattern has been normalized to the maximum read range. Since the tag is tested in near ﬁled, the
read range pattern is somewhat diﬀerent from the far-ﬁeld radiation pattern shown in Fig. 9.
The round tags have also been tested when used for medical tube identiﬁcation. In the test, we
embedded a round tag into a plastic lid of medical tube (with blood ﬁlled up to 2/3, as shown in the
enlarged picture in Fig. 10). The measured maximum read ranges are almost the same as reported
above, which means the tiny round tag has a stable performance.
The reason that medical tube has little eﬀects on the maximum read range can be shown in Fig. 12.
Fig. 12 depicts the simulated power transmission coeﬃcients of fragmented round tag of IMPINJ Monza4 chip in case with and without a medical tube. Only minor eﬀects of medical tube can be observed on
its power transmission coeﬃcient.
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Figure 9. Radiation patterns of antenna of the tiny fragmented round tag.

Tag in lid of
medical tube
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antenna

Figure 10. RFID test system with Alien-9900 RFID reader and antenna.
4.

FURTHER DISCUSSION

4.1. Eﬀects of Chip Impedance on Reﬂection Coeﬃcient
In the design of versatile tiny round tag in Section 3, we deﬁned two objectives in terms of the upper
and low bound impedances, instead of using ﬁve objectives for chips listed in Table 1. Although both
the simulations and tests with IMPINJ Monza-4 and ALIEN Higgs-3 chips demonstrate the feasibility
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Figure 11. Normalized read range pattern of the round tag with ALIEN Higgs-3 chip.
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Figure 12. Comparison between the power transmission coeﬃcients of tiny round tag with/without a
medical tube.
of this design scheme, the underlying physics is still unclear why chips with impedances within the
bounds operate quite well.
To give a better understanding of the power transmission coeﬃcients shown in Fig. 6 and Fig. 8,
we investigate the eﬀects of resistance (R) and reactance (X) of RFID chip impedance on power wave
reﬂection coeﬃcient of the designed tag in Fig. 5.
By connecting the versatile round tag to chips of diﬀerent impedances, Fig. 13 shows clearly the
eﬀects of chip resistance and reactance on the reﬂection coeﬃcient. Fig. 13(a) and Fig. 13(b) depict
reﬂection coeﬃcient for chips with upper and lower resistance bound values in Table 1, but diﬀerent
reactance values. Fig. 13(c) and Fig. 13(d) depict reﬂection coeﬃcient for chips with upper and lower
reactance bound values in Table 1, but diﬀerent resistance values.
From Fig. 13(a) and Fig. 13(b), we ﬁnd that when connected to chips with larger reactance values,
the versatile tag tends to shift its operation band to high frequency ends. From Fig. 13(c) and Fig. 13(d),
we ﬁnd that when connected to chips with larger resistance values, the versatile tag tends to reduce
its operation bandwidth. That is why we observe in Fig. 6 that designated 915 MHz operation point is
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Figure 13. Eﬀects of chip impedance on reﬂection coeﬃcients.
located near the lower end of operation band for chip of impedance 30 − 195j (Ω), while located near
the upper end of operation band for chip of impedance of 10 − 64j (Ω).
With the eﬀects shown in Fig. 13, we may predict that if the versatile tag is connected to a chip
listed in Table 1, the operation band will lay between the two regions characterized in Fig. 6. The
operation bands shown in Fig. 8 are therefore a direct outgrowth.
4.2. Eﬀects of Adjunct Cells in the Fragmented Tag
The current distribution on the designed fragment-type tag is shown in Fig. 14. It is observed that
some of the cells in the fragmented geometry form a loop for electric current. However, there are quite
some cells being key adjunct to the current loop.
To show the eﬀects of these adjunct cells, we may remove them and investigate the power
transmission coeﬃcients. Fig. 15 shows a simpliﬁed fragmented tag by keeping cells in the current
loop. Fig. 16 shows the power transmission coeﬃcients of the simpliﬁed tag when chips of resistance
R = 11 (Ω) and critical reactance values are connected for operation at 915 MHz.
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Figure 14. Current distribution on prototype of fragmented tag.

x

Figure 15. Simpliﬁed tag with
cells in the current loop.

From Fig. 16, it is observed that the simpliﬁed loop allows a small dynamic range of input impedance
of chip in order to guarantee its operation at 915 MHz. The impedance now ranges from 11 − 60j (Ω)
to 11 − 160j (Ω), while for original tag in Fig. 5 it ranges from 11 − 50j (Ω) to 11 − 195j (Ω). Therefore,
the adjunct cells do beneﬁt the versatility of the fragmented tag.
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Figure 16. Power transmission coeﬃcients of the simpliﬁed tag when connected to two critical bound
impedances.

5. CONCLUSION
UHF RFID tags with fragment-type structure can be designed for multi-band operation and for versatile
connection to diﬀerent RFID chips, which may beneﬁt the design and production of RFID tags.
By deﬁning multiple objectives according to diﬀerent design requirements, MOEA/D-GO can be
used for optimization searching of fragment-type structure of tag. This technique shows the potential
to be a universal design technique because there is no restriction on dimensions and shape of tag to be
designed.
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Tiny fragmented UHF RFID tags for medical tube has been designed and tested. The versatility of
fragmented tiny tag is demonstrated. More tiny RFID tags for diﬀerent industry products or components
(including metalwork) can be designed in fragmented structures.
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