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Abstract=In this paper, the most important six

requirements of high performing RFID tags for retail apparel
market are presented. We discussed in detail why these
attributes are of vital importanceto a good tag. An example of
GB3tagispresented to outline effectiveness of the analysis.
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. INTRODUCTION

As the apparel retailers evolve their business fsotibe
meet the demands of the digital age consumer, ribed to
be able to achieve real-time inventory visibility improve
inventory accuracy and operational efficiency. R&sRadio
Frequency Identification (RFID) tagging at item ééygives
you real time, accurate stock information enablinglear
view of inventory status.

Early retailers have used RFID tagging for a numifer
different reasons and found benefits across thesimiesses.
People found the key for a successful RFID projebt on
how to select the right tags for their needs. T$iactually
very difficult because there's many things needsbéo
considered for a "good tag".

Recently, RFID provide an emerging solution to tifgn
and track various objects [1]. The communicatiopassive
UHF RFID systems consist of two parts: the reader the
tag. Reader transmits energy and commands. An R&dD
consists of an antenna and a microchip. Tags dethal
energy for functioning from the electromagnetic iatidn
emitted by the reader. There is no internal soofcenergy
in the tag's microchip to support the functioni@y [For the
passive UHF RFID, it is very critical to make tlag antenna
working in a proper mode [3].

Conventional RFID tags are orientation sensitivel an
therefore fail to perform in all orientations andading
directions. This fact has prompted the design afreular
polarized antenna for the tags. The antennas ifRREID
system are easily influenced by many factors sughha
weather, electrical and magnetic circumstancesjowsr
materials etc.. Recently, many papers have beelispab to
deal with this kind of problems. For example, iefigce to
the system performance of bending the tag anteagdéen
studied in [4]. By comparing the performance of diag
several kinds of dipole antennas, a new robustnaate
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structure has been proposed and this structurdda®\the
antenna with an acceptable level of performanceemund
several kinds of deformation of the RFID tag. Ir, [fhe
author has studied the circular polarized RFID daatenna
design when the tags were hold by human hand. Swse
studied the performance of tag antenna on differaterials,
which gives a good direction for selecting the agion
areas of RFID [6]. Some papers have studied tthgeinfe of
the application circumstances to the tag performaror
example, the influence of a limited size metalhte antenna
radiation pattern has been studied in [7]. At tame time,
the printing antennas are studied in [8] such thathuge
volume production of the tags are possible.

There are always compromises of designing tags. For
example, if we want high gain tag antenna to ream |
distance, then the tag antenna coverage angléogviimall.
If we want the antenna to be broad frequency badftthyi
then the peak performance on a certain frequenitydwaip.
In this paper the author would like to offer theder the
opportunity by describing more about the technojoayd
illustrating the use cases from the apparel ingiustid how
we can get a good compromise over different comssrand
requirements. We use the SML’s GB3 series tag éavghat
with a single tag design, the tag can function imetail
environment in various aspects.

Il.  ATTRIBUTES OFHIGH PERFORMING TAGS

1. Thesize of tag should fit for most existing label size

As we all know, typical apparel tag sizes are lifot2,
2x3 inch, 2x4 inch, 1.5x3inch, 1.5x4 inch. Tradiikb long-
range UHF tags are

manufactured with an 60 mm
RFID chip attached to a
dipole antenna that totals
160 mm (6 inches) in
length. While with the
GB3 tag
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the imaginary part of the
impedance, the size of
the antenna was
significantly reduced
within 2 inches. Now the
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GB3 tagantenna only measures 1.18x1.96 es which can
fit for most of the apparelamg tags or labels. What's mc
the GB3 tag can be either converted to hang tag:
wet/paperface labels, which cdeliver in botl single piece
or roll format.

2. Thetag antenna should be robust on different apparel
materials

After a careful study of the dieletrproperties of reta
apparel consumer goodshas been determined thwe can
group the apparel application to 3 cases:

(1) Hang tags; (Tags hanging in free air)

A K = a '
(3) Heavy load casé€Tags in large dielectric materie
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a. A Hang tagase can be simulated by placingtag
directly on the cardstock.

b. A Medium load case can be simulabsdplacing thetag
between 2 poly bagas shown above pictur

c. A Heavy load case can be normally simulewith the
inlays stacked within denim.

The frequency shifting between the cabeand cas(3) can
be maximized to 150MHz. Therefattee GB3 inlays wer

designed t@esonant on multiple frequencies and tr
frequencies was carefully selected such that theyfit for
all materials.
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Testingthe different cases shis the GB3 inlays perform
very well in all ofthe circumstances stated abi

3. "Thegood tag" should have broad frequency
bandwidth to cover global RFID frequencies
In July 2016, GS1 reported 98% of its member cdoes
UHF passive RFID using frequencies within 860~96GV
The other 2% are not availablel. Most countries are using
902~928MHz as the UHF RbBlfrequency. In Europe, ma
country uses 865~868MHz. The global UHF RFI
frequencies requires the RFHtAc antenna to have a broad
frequency bandwidth.
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With a simple test for a tagnde the most heavy load “10
pairs of denim; we can see the GEtag sensitivity is lower
than -16dBm andeading distancéhigher than 10 meters
based 4W EIRP in 800~980MHz. Which is broad endu
cover the global 860~960MHz with a big mar

4. The good tags will need flexibility for multiple IC
options
NXP and Impinj is consideretivo of the largest UHF IC
suppliers in the worldRespectively, they published thi
new generation ICs named UCODE7 and Mon;, which
all sensitivities already exceed0dBm. BecausUCODE7
and MonzaR6 offer differerfunctions ancfeatures, it will
be very helpful for multiple choices of ICs for tlsame
model. For example, SMLGB3 tag provides both IC
options:



IC IC model EPC

manufacture
GB3U7 NXP UCODE7 128bit
GB3R6 Impinj MonzaR6/R6P  96/128bit

5. Third party certifications like ARC is a very

important indicator for a good tag
The ARC (Auburn Radio Compliance) program is manage
by a 3rd party testing lab located in Auburn Alalbam
(RFID Lab of Auburn University). The purpose of tARC
program is to ensure that retail suppliers are &bléeliver
RFID tagged product to retailers that meet or ectctw
levels of performance necessary to provide beteftioth
the retailer and the retail supplier in a consistemd cost
effective manner. Up to date, the ARC program has
published category A, B, C, D, F, G, |, K, M, N, Bach
category contains different RF performance requineis
That's why it is extremely difficult to get one gla tag to
pass all categories. The following table shows GR3U7
and GB3R6 have passed all the categories withathesize
of 50x30mm (Green is PASS).

Each category is actually a big retail applicatiBor one tag
to cover multiple categories, it means much lessgk over
time on the production, much less cost on raw raser
because of volume, and much less management costlas
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6. Tags for retail apparel should have no dead zone
of orientation
Most tag antenna is with single dipole. When tlysta
hanging, the polarization is vertical to the grouvithen the
apparel is stacking to the shelf, the tags are atbym
horizontal polarized. We want the orientation a@f &6 wide
as possible because the tag needs to be read fifene ik
directions while we cannot visually see the ditf tag.

GB3U7 orientation %

As shown in the illustration above, the orientatmattern of
GB3 tag shows that even with the minimum radiatogle

at 90 degree and 270 degree, the GB3 tag stilleaekia
min of 4 meters in theoretical reading distances{&d with
Voyantic Tagformance system) This omni-directional
pattern is very important for retail apparel beeatihsee GB3
tag performs in the blind spots that are commorthia
industry.

Ill.  CONCLUSION

Radio Frequency Ildentification (RFID) is widely gded by
the retail apparel market now. With billions of $ageing
used, it's very critical to understand what's thmpartant
attributes for a "good tag". This paper summarihesmost
important six attributes of a good tag. It's shothat the
SML GB3 tags provide a solution for the retail amgba
industry. The distinct advantages of the GB3 tagn&o
together combining its perfect size, resonant feegies,
performance, multiple IC options and omni-direcéibn
performance, which provides the decision-makersetdil
apparel a clear choice of managing their supplyrcha

REFERENCES

[1] K. Finkenzeller, RFID Handbook, John Wiley & Somgdtand, 1999

[2] C. Pobanz and T. ltoh, "A microwave non-contactntidigation
transponder using subharmonic interrogation”, |IEEHans.
Microwave Theory Tech., 1995, Vol.43, pp. 1673-1677

[3] M. Jenesen, Y. Rahmat-Samii. "EM Interaction of &i&et Antenna
and a Human Head in Personal Communication". RE€E, Vol.
83, No. 1, 1995, pp. 1218-1221

[4] U. Kaiser, W. Steinhagen. "A low-power transpontierfor high-
performance identification systems", |[EEE J. S@&tdte Circuits,
1995, Vol. 30, pp. 306-310

[5] Y. Liu, Y. Wu, "Circular Polarized RFID Tag Anteniizesign Based
on Human Hand Model", Proc. IEEE RFID, 16-18, Ja6&0

[6] J. Griffin, G. Durgin, et al. "RF tag antenna pemfance on various
materials using radio link budgets". IEEE Trans. @mtenna and
Propagations, 2002, Vol. 22, No. 3, pp. 1-4

[71 P. Raumonen, L. Sydanheimo, et al. "Folded dipoiterma near
metal plate". IEEE 0-7803-7846-6/03, 2003: 848-851

[8] L. Desclos, T. Drenski, M. Madihian, "An interdigied printed
antenna for PC card applications”, IEEE Trans. amneAnas and
Propagation, 1998, Vol. 46, No. 9, pp. 1388-1389



