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Sittikit Pechsuwan 2014: Single Layer Dual Mode Antenna for Passive UHF RFID Tag
using Open Stubs. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor: Assistant Professor

Denchai Worasawate, Ph.D. 133 pages.

The purpose of this research is to find the design method of passive UHF RFID tag
antenna for metallic and non metallic surfaces. Two types of antennas, microstrip and dipole
antennas, must be simultaneously designed. The antenna acts like a micostrip antenna when
attached on metallic surface and acts like a dipole antenna when attached on non metallic
surface.This is called a dual mode antenna.The microstrip mode is designed from an impedance of
a square patch antenna obtained by a simulation software, Sonnet. A transmission line and open
stubs are used to match the antenna.The dipole mode is designed by adding an open stubs at the
virtual ground of microstrip mode which gives the least effect impedance of microstrip mode. The
optimum length of the stub is obtained by using Sonnet. This research is shown the made antenna
to measure the reading range of RFID tag antenna. The measured results are compared with the
simulated results. Finally, the antenna must be impoved the reading range which is the nearest of

purpose results.
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Mesinaddnuainaziee

RFID = Radio Frequency Identification

dB = Decibels

dBm = Power ratio in decibels (dB) of the measured power referenced to one
milliwatt (mW)

UHF = Ultrahigh Frequency

PSK = Phase Shift Keying

ASK = Amplitude Shift Keying

LF = Low Frequency

HF = High Frequency

MHz = Megaherz

m = Meter

mm = Millimeter

PCB = Print Circuit Board
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Simulated Results for Single Layer Dual Mode
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Abstract— This paper proposes a single layer structure of a
tag antenna for UHF RFID. The antenna can be used in both
metallic and non-metallic surfaces. The antenna operates as a
microstrip antenna when it is attached to a metallic surface and
operates as a dipole antenna when it is attached to a non-metallic
surface. The antenna is designed on Teflon substrate with the
thickness of 1.52 mm to match NXP UCODE G2XL. The RFID-
chip impedance is a resistor of 1385 ohm in parallel with a
capacitor of 1.16 pF. This gives the impedance of 16-j147 ohm at
922.5 MHz. The simulated antenna impedance and reading range
of the antenna are reported.

Keywords— UHF RFID, dipole antenna, microstrip antenna,
passive RFID, dual mode antenna

I. INTRODUCTION
The affects of the environment on the performance of UHF
RFID tags [1]-{2] have been studied. Most of commercially
available UHF RFID tags are designed for either non-metallic
or metallic environment. Mounting the tags on an undesired
environment degrades its performance significantly.

Dual mode antenna for UHF RFID tag has been proposed
by [3] in 2009. The structure proposed in [3] requires two
layers of copper trace and the performance is highly depends
on the thickness and dielectric constant of the adhesive tape.
This paper presents a single layer mode tag antenna. The
antenna is cither a dipole-like antenna or a microstrip antenna
when mounted on either a non-metallic surface or a metallic
surface, respectively. The proposed structure gives a tuning
flexibility on the antenna impedance for each operation mode
separately. Sonnet em Suite [4] is used as a simulation tool in
this work. The simulated results show a good reading distance
on both operating modes.

II.  PROPOSED ANTENNA STRUCTURE

The proposed antenna is designed for two operating modes.
The cross-section of the antenna attached to a metallic sheet is
shown in Fig. 1. The top copper layer with the thickness of 35
micron is used for fabricating the antenna. The 1.52-mm-thick
Teflon is used as a substrate with its dielectric constant of 2.2
and loss tangent of 0.0009. 76-micron -thick adhesive tape with
its dielectric constant of 4 is used to attach the antenna to a
metallic sheet. The antenna operates in microstrip mode when

978-1-4673-5580-3/13/$31.00 © 2013 IEEE
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it is attached to a metallic sheet and in dipole mode when it is
attached to a non-metallic object.

The layout of the antenna is shown in Fig. 2. The RFID
chip is to be attached between a gap Gy which is set as 4 mm.
The antenna is designed for RFID chip NXP UCODE G2XL
[5] and the operating frequency of 922.5MHz which is the
allowed frequency in Thailand [6]. The RFID-chip impedance
is a resistor of 1385 ohm in parallel with a capacitor of 1.16 pF.
This gives the impedance Zcnip = Rehip +J Xchip of
16-j147 ohm or the admittance Yepip = Genip + J Benip Of
0.7318+/6.7231 mS at 922.5 MHz.

In this paper, the antenna is designed for the best match in
microstrip mode and tuned for maximum possible match for
dipole mode. The design process is discussed in Sec. IIT and
IV.

» Copper

Teflon

« Adhesive Tape

I oo
Sheet
Fig. 1. Metal layers and substrates of proposed antenna in microstrip mode.

I L y

Fig. 2.

Layout of proposed antenna.
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II.  MICROSTRIP MODE
The layout of a square microstrip patch antenna is shown in
Fig. 3. The length L; should be less than a wavelength so that
the antenna operates in TM;, mode and could be arbitrary
chosen since the impedance can be adjusted by matching
process. The optimum length L, for the maximum gain is about
a half wavelength which could be approximated by
c
Ly=—= (D)
2frvEr

where ¢ is the speed of light in freespace (3 x 108 m/s), f; is the
operating frequency at 922.5 MHz, and &, is the dielectric
constant of the substrate which is 2.2. L, obtained from (1) is
about 109 mm.

e L, o

Wi

Fig. 3. Square microstrip patch antenna.

The antenna admittance Ypaten = Gpaten + J Bpaten at the
feeding point is simulated for L; = 109 mm and L; = 101
mm and reported in Table I. A matching network as shown in
Fig. 4 is used. The quarter wavelength line L; is used for
making a virtual ground at one side of the chip. Its dimensions
are shown in Table II. The transmission line L, connecting at
the feeding point is used for matching the real part and the stub
Sy is used for matching the imaginary part. For simplification
of the design, the widths of these three lines are identically
chosen as Wy.
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The characteristic impedance Zg = YLD of the line L, is

. "~ Y min R max There min P
chosen such G7Mi% | < Gepip < Grréss | where Gin - and

s , are obtain from (2) and (3).

; 1~ |Sul

Grieo =Y 2
micro 1 + |Sll|

mar - — me 3)
micro 1 _ |Sll|

Yo-Y, . B
where  [S11] = YETZZZ: . Gt and  GoRer o for

an 120-ohm line (W, = 0.8 mm) and a 50-ohm line (W, = 4.6
mm) are reported in Table I. The real parts of the antennas with
Ly =101 mm and 109 mm can be matched with an 120-ohm
line but only L; = 101 mm can be matched with a 50-ohm line.
The length L, can be calculated by numerically solving (4).

Yoaten + jYp tan (27L3)
Y + Ypaten tan (27L3)

Gepip = Re [Yb )
where Re[Y] is a real part of Y and L3 is the length in
wavelengths. The admittance after matching the real part
YE = CFon + 7B, and the length Ly are reported in
Table L.

Fig. 4. Layout of proposed antenna for microstrip mode.

FABLE . SIMULATED ADMITANCE OF PATCH ANTENNA AT FEEDING
POINT
Zp = 120 ohm Zp = 50 ohm
Y Ypatch
mm i v

‘ mS Grimo | Gmitio | Gmicro | Gmigo
mS mS mS mS

109 | 3.9626+j18.085 0.6718 103.36 2.1588 185.29

101 2.4232-/36.308 0.1208 574.98 0.5626 71095

TABLEIIL.  CALCULATED ADMITTANCE AFTER MATCHING REAL PART
R
Yateh AND Lo
Zo = 120 ohm Zp = 50 ohm
L
R

mm | YRR Ly | L2 Yoiteh Ly | L2

mS A mm mS A mm
109 | 0.7317-2.477 | 0.2701 | 66.67 N/A N/A N/A
101 0.7315-18.73 | 0.0308 | 7.603 | 0.7319-j10.97 | 0.0902 | 21.32

TABLEIL DIMENSIONS FOR QUARTER WAVELENGTH LINE
Zpohm W1 mm Ly (%) mm
50 4.6 59.10

120 0.8 61.71

The stub S; is chosen for matching the imaginary part. The
required admittance BIj¢rof the stub is obtained by (5) and
the length Sy is obtained by numerically solving (6).

micro __ R
stub  — 7Bﬂhip - Bpatch (5)

;?gjg" = Yp tan (27r5'f‘) 6)



where Si\ is the length in wavelengths. The admittance after

matching  both  the real and imaginary  parts
Y;;';'cf" = G,',';;;gg‘" + jB;':;é‘;‘" and the length S, are reported
in Table IV.
TABLEIV.  CALCULATED ADMITTANCE AFTER MATCHING
Ymatch AND S,
Zo = 120 ohm Zp = 50 ohm
Ly
mm Y,,"',““ct,fh s} S y,:::r';:h st 51
mS A mm mS A mm
109 [0.7317-6.723 | 0.4250 | 104.91 N/A N/A N/A
101 | 0.7315-6.713 | 0.1535 | 37.892 | 0.7319-6.723 | 0.0333 | 7.8725

Considering the fabrication accuracy and simplifying the
simulation set up, the designed dimensions are rounded to
0.5 mm accuracy as shown in Table V. Each designed antenna
is simulated for its admittance and reported in Table V.

TABLE V. DESIGNED DIMENSIONS AND SIMULATED ADMITTANCE FOR
MICROSTIP MODE
Ly L, Ly W, S Simulated
mm mm mm mm mm admittance
mS
Antl 109 66.5 62 1 105 0.8281-/6.0539
Ant Il 101 7.5 62 1 38 0.7782-/6.0930
Ant 111 101 21.5 59 45 8 0.7300-6.4672
IV.  DIPOLE MODE

To design the antennas in dipole mode. dimensions
obtained for microstrip mode are simulated as a 2-port network
with the ground plane removed. Port 1 is assigned at the line
L. Port 2 is assigned at the line L;. The antennas are modeled
as a T-network as shown in Fig.5a. The simulated results are
shown in Table VI. Zgut = Rant +3J Xant =21+ Zs is
antenna impedance when it has a differential input.

TABLE VL. IIMPEDACE WITHOUT MATCHING FOR DIPOLE MODE
Zy ohm Za ohm Zz ohm Zant ohm
Antl | 50.767+j117.41 | 56.517+j20.154 | 13.622+7313.50 | 107.28+/137.57
Ant 1l | 29.935+j40.536 | 79.163-j36.963 | 17.280+/356.55 | 109.14;3.5731
Antlll | 56.934+j75.481 | 73.967-j34.192 | 17.934+;295.27 | 130.90+j41.289

To improve the matching condition of the antenna, the stub
S, is added to line Ly as shown in Fig. 2. Adding the stub S,
does not have much effect on the impedance of the antenna in
microstrip mode because the connecting point is a virtual
ground in microstrip mode but would have much more effect
on the impedance of the antenna in dipole mode since it acts
like shunt impedance Zf:.“"b’te to Z; in Fig. Sa as shown in
Fig. 5b. The impedances Z{. Z3. and Z3 in Fig. 5b are the
impedances in Fig. 5a having some effect from the stub S,. To
find the maximum possible match condition, the antenna with
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S5 varying from 0 to about quarter wavelength in freespace or 0
to 80 mm is simulated. The transmission coefficient 7 is
calculated by (7) using the simulated impedance. The
simulated impedance is shown in Fig.6. The transmission
coefficients 7 are shown in Fig. 7. S; is chosen from Fig. 7
such that the maximum 7 is obtained. The optimum values of
S; are 42 mm, 78 mm, and 79 mm for Ant I, Ant II, and
Ant 11, respectively.

4RohipRant

T=—3 (@)
IZcht'p ot Zant|2

Zuz

Z Z

Por2

(a) Antenna without stub. (b) Antenna with stub.

Fig. 5. Model of the antenna in dipole mode.

V.

Designed dimensions of the antennas for the best match in
microstrip mode and tuned for maximum possible match for
dipole mode are reported in Table VII. Theses dimensions are
used in Sonnet to obtain impedance and gain of each antenna
which are reported in Table VIII and IX. Reading range, r, in
Table VIIT and IX are calculated by (8) [6] when 4 Watt EIRP
(effective isotropically radiated power) is used.

._ A [EIRPG
T dm Py,

where A is a wavelength in freespace at 922.5MHz. G, is a
gain of the antenna. 7 is a transmission coefficient.
Py, of —15dBm is used for the minimum threshold power
required for RFID chip to operate. Note that the admittances
reported in Table V and Table VIII are slightly different due to
effects of adding the stub S,.

SIMULATED RESULTS AND DISCUSSIONS

(8)

With the dimensions rounded up to the next ten-mm, Ant |
has the largest size of about 250 x 150 mm. Sizes of Ant Il and
11T are about 180 x 120 mm and 190 x 110 mm, respectively.
The sizes of these antennas could be reduced by folding the
stubs and the feeding lines. Ant I with the largest L, should
have the largest gain in microstrip mode but the results in Table
VIII show opposite. This could be caused by a high loss
contributed from the long stub S,.

TABLE VIL DIMENSIONS OF FINAL DESIGN ANTENNAS
Ly mm L, mm L; mm Wymm [ S mm S mm
Ant 1 109 66.5 62 1 105 42
Ant 11 101 7.5 62 1 38 79
Ant 111 101 2005 59 45 8 78
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VI.  CONCLUSIONS

This paper presents a single layer structure for a passive
UHF RFID tag antenna mountable on both metallic and non-
metallic surfaces. This structure gives a flexibility to tune the
antenna impedance of each operation separately. The simulated
results show that the reading ranges are good in both modes.
The microstrip mode gives a large reading distance on the front
side of the metallic sheet but a very small reading distance on
the back side. Gain of the antenna in microstrip mode rapidly
varies with the reading direction therefore the reading range
varies with the reading direction as well. The dipole mode
gives a lower reading distance but the tag can be read on both
front and back sides of the tag. The gain of the antenna in the
dipole mode is almost constant in all direction in a plane
perpendicular to the antenna plane so that the reading range is
almost constant on the plane.
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Fig. 6. Simulated antenna impedance versus stub .
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Fig. 7. Transmission coefficients in dipole mode versus stub S.

TABLE VIII.  SIMULATED IMPEDANCE, GAIN, TRANSMISSION
COEFFICIENT, AND READING RANGE FOR MICROSTIP MODE
Admittance Impedance | Gain, G, | 7 [ Reading Range, r
mS ohm dBi m
Ant 1 | 0.8313-6.0626 | 22.20+j161.9 | 52154 |0.87 15.7
Ant 11 20.4247160.8 | 5.7544 | 0.88 168
Ant 111 [ 0.7444-/6.5156 | 17.314/151.5 | 6.1277 [0.99 185
TABLE IX. SIMULATED IMPEDANCE, GAIN, TRANSMISSION
COEFFICIENT, AND READING RANGE FOR DIPOLE MODE
Impedance Gain, G, T Reading Range,
ohm dBi m
Antl 105.1+/144 1.3736 046 7.3
Ant 11 64.94/123.6 0.7412 0.59 7.6
Ant 1l 86.24/131.6 1.7706 0.52 8.1
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