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ABSTRACT

In this paper, the new structure of Artificial Magit Conductor is presented. The AMC is designed to
overcome the failure of detecting the RFID tag wipdaced near to the metal based object. It is too
complicated to design an AMC at low frequency dudritation of size and bandwidth. In this papie
0.92 GHz AMC is designed with different sizes ahdpes of slots inserted into the square PEC patah.
size of single unit cell of this AMC is 45.5 mm %.8 mm. The AMC is designed in stacked layer to
increase the bandwidth of single unit cell. Theimjted AMC at 0.92 GHz frequency, had increase the
performance of dipole antenna by return loss =8-21B, gain = 3.0 4dB and directivity = 5.149.

Keywords:. Artificial Magnetic Conductor, RFID, Metal objecetéction
1. INTRODUCTION successful read and write process for each tags. Th
RFID system frequency operated from 120 kHz to
Radio Frequency ldentification, RFID is not new inl0 GHz. Higher frequency systems can support
the world of technology today. In 1945, the idea olonger reading range but the tag size will
activating a device from outside source has beeexceedingly bigger. Table 1 shows the list of RFID
invented for military by retransmitting the radiofrequencies and the reading distance as provided in
wave into audio information. Today, thethe market.

emergence of RFID technology system has makes
work easier. The use of RFID can be seen in
various sectors such for baggage handling, tolling

Table 1: List Of RFID Frequency With Reading
Distance And Example Of Application

system and also an anti-theft system. The basi¢ Bf/D Frequency Reading | Example of
RFID system consists of one reader, one antepfem rahge distance Z[r)\?r:g?ﬂon
and some piece of tags. The tag can be an activelér 120-150kHz | 10cm Identification
a passive type. For passive-type tag, the sizd & 13.56 MHz 10cm—-1m  Smart Card
smaller than the active-type because it has [no 443 MHz

battery attached. The communication between the gsg‘so_ggg”‘v?g)z

reader and tag is called backscattering modulatiopr (Europe) 1m—100 m| Military (with
The reader's antenna will transmit the 902-928 MHz | 1M~ 12m | active tag)
electromagnetic wave into all directions. Any tag (North

within that transmitting area will be activated by '2“";2’%”052800

this electromagnetic wave. Then, wave will be MHZ('ISM 1im-2m
retransmitted back to the reader. RFID system band) 802.11
allows two-way communications between th grierowave | 3 1 Gz — 10 Up to WLAN
reader and tag. Therefore, the system needssit [ea GHz (Ultra- 200 m

one device to monitor and operate the read ant wide band)

write process. Some add a speaker (to produce
‘beep’ sound) or LED (to emit light) to indicate
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Figure 1 shows the communication between
three RFID tags in three different conditions. Pag
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is placed within transmission area of reader'seduce the backscattered / mutual coupling caused
antenna. Therefore, the transmitting and receivingy the metal object. Result of comparison between
process happens. Tag B is placed outside of tlieur types of AMC in paper [7] stated that the
transmitting area so it will stay in active. Evérat mushroom-like EBG surface gives better bandwidth
Tag C in the transmitting area, the persistenca ofand gain performance than others AMC design
metal plate at the back of tag had reflected &l thwhen placed on a low-profile antenna at 2.45 GHz.
transmitted electromagnetic wave. Therefore, Taghis is due to the existence of via hole that
B and Tab C failed to operate. The problem for Tagonnects the patch to the ground plane. However,
C is due to the existence parasitic capacitandhis AMC structure is complex and the fabrication
between tag and metal object. Therefore, the gaprocess is more complicated. The AMC behaves as
and efficiency of the tag will decrease causingltot in-phase reflection between the incidence and
malfunction to the system. Besides, the readingeflected electric field. The artificial term in AM
distance between tag and reader also will bis used instead of the Perfect Magnetic Conductor
decrease. To overcome this problem, the tag needscause PMC is not exists in nature. However,
to be placed at distance of quarter- wavelengtAMC satisfy the physical character of PMC at
apart from the metal object to reduce theertain frequency band [8].
suppression of surface wave. Another method is by
placing the dielectric material layer at the baék o  In this paper, the AMC will be designed at low
the RFID tag [1-3]. frequency 0.92 GHz by using Rogers R03010
substrate. It is difficult to design at low-frequgn
because the structure will be intensely big. In [9-

y— ’E}FTmﬁsm 10], the square AMC patch and zigzag AMC were
j /#'.— ,Fiﬂ b designed using substrate thickness of 6.35 mm.
!

B i Some design has introduced space filling into the
design to reduce the dimension of the AMC but the
> i bandwidth is reduced. In [10], two types of
\ ye miniaturized AMC proposed with increased
N @ ! bandwidth value. Yet, the structure is very
FFD Resder o complex.
Arterma e T B Metal

ohject When applying the single cell AMC to the low-
profile antenna, each single cell will be arranged
array order. The existence of AMC to the back of
o . . the low-profile antenna will change the value of
Artificial Magnetic Conductor, AMC is one of ?in’ directivity and return loss of the single low

Figure 1: The Communication Of RFID Tags

metamaterial structure that is designed to increa ofile antenna. Different size of AMC Shows

the performance of an antenna [4-6]. The use qQf. :
AMC had been proved to increase the gain of thggfsei;r:d :ﬁsigl]t tﬁfe gggt?plnnmf;eg;: ?ﬁ% A-II—\/Ihg sﬁ?mc/:s
antenna by reduping the.undesired bau:k_radiatio[g}etter result th:';m the 43 mm x 129 mm AMC. But
?hned mrlétglzlnfogf “IQI%I IIDn EP;S pag;rtiopr‘]'\élg \c,)v::I ?ﬁgglthe reading distance for larger AMC is decreased.
bi pt The AMC will b 9 pI' d th nother characteristic that must AMCs have is the
opject. The A will ‘b€ applied as the groun stability to the incidence of angle. In [11] a nbve
plane_to rgdlrect the radiation reﬂec.ted by .tht?lexible AMC was designed by using bendable type
metallic object. The AMC structure/design consisty b otrate The prototype has been manufactured and

sz'éMCtpﬁtCh(’j substrgtle and groung I%yer. -I]:h easured under flat and bent condition. The
patch and ground jayer are made by pere%'mulation result shows +8° as a limitation of

electric conductor, PEC. The PEC is a material th : o

exhibits an intrinsic electric conductivity that Iwi ending stability.

reflect the incidence wave to other directions. Th

reflection phase of the PEC material characterize% 2I_Il_\lCC)5I§2EGL|{|I\éIT CELL OF SQUARE AMC

at £180° while for AMC (at resonant) characterized '

at +90" phase at free space. The first step is to design a single cell AMC
structure. This part will discuss the basic square

Most of the RFID tag in the market is designedyyane structure of AMC designed at 0.92 GHz by

as dipole-type antenna. By applying AMC at th,sing Rogers RO3010 as a substrate with 10.2
antenna ground plane may increase the gain and

e —
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and thickness = 1.28 mm. From the simulatiomlecreased by 0.91% and 6.50% respectively. So in
result of single cell AMC in Figure 2(a), theorder to ovoid bandwidth reduction, the smallest
reflection phase falls on 0.9147 GHz and 0.9366lot will be selected. Then for the second step, th
GHz at 90° and -90° respectively. Figure 2(bktructure is introduced to multiple size of slot at
shows the real and imaginary impedance of AMCeach size of the square AMC as in Figure 3(b).
AMC is expected to have very high real impedancEach size will have four 1 mm x 2 mm slots, two 2
at resonance. mm x 4 mm slots and one 2 mm x 8 mm slot. The
result is shown in Figure 4(b). The frequency is
reduced from 0.93 to 0.88 (3.78%). Step three, one
horizontal rectangular slot with dimension of 2 mm
X 7 mm is inserted to each side of the AMC as in
Figure 3(c). The decrement of frequency is about
0.96%. Next, four ‘plus’ shaped slot is inserted as
in Figure 3(d). Now, it causes additional reduction
of frequency to 1.64%. For the last step, one slot
will be inserted to the center of AMC. Two types of
150 slots will be discussed. First, for the square Biot
‘ ‘ ‘ ‘ ‘ ‘ ‘ Figure 3(e), the frequency decrement is very small
086 088 O quency (Ghig O8O (0.22%). Plus it causes more bandwidth reduction
(@) to 12.05%. For ‘plus’ shaped slot in Figure 3(f), i
give more frequency decrement to 2.54%. Figure
4(c) shows the graph of square and plus shaped slot
Real applied to the center of AMC. Through the shape
—— Imaginary modification in Figure 3, the bandwidth had
reduced from 2.25% to 1.86%. In order to increase
the bandwidth, some modification will be made to
the thickness of the AMC.

7 0.88 0.;30 0.;)2 0.;34 0.;36 0.98
Frequency (GHz)
(b)
Figure 2: (A) Design Structure (B) Reflection Phasel i
(a) (b)

(C) Surface Impedance Of Square AMC
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3. STACKED WAFER AMC AT 0.92 GHz ap = gp g5 = db

In this part, new AMC structure is designed td [ [ [ [
reduce the dimension of the basic square AMC. By =p = o db = &b
applying slots into the first layer of PEC patchnca

helps to reduce the resonant frequency of AMC. (d) (e) ®
Thus, the new structure will be designed with Figure 3: The Variation Of Slots Introduced IntoeTh
multiple slots with different size and shapes. Fegu New Design.

3 shows the process of adding slots into the new , i
design. The final structure is illustrates as igufe The value of bandwidth can be increased by

3(e). Firstly, slots with 1 mm x 2 mm is inserteg®dding the thickness of the substrate. In this pape

and arranged in Figure 3(a). For the structure ifjY0 types of thickness modification will be
Figure 3(a), three different sizes of slots ardiscussed. The detailed image of the thickness

presented. The spacing between each slot is saf@dification is shown in Figure 5. The modified

for each square side. The reflection phase graph 4HVIC Structure in Figure 3(f) is optimized at 0.92

Figure 4 shows that by applying different size ofeHz frequency. The thickness reduced from 52 mm

slot will change the value of resonant frequency 22 MM t0 45.5 mm x 45.5 mm. The structure in
and bandwidth. igure 5(a) is a single layer AMC with overall

From Figure 4(a), when the size of slot idhickness of 1.98mm. The bandwidth percentage is

increase, both frequency and bandwidth iéL.86%. Then the thickness of substrate is doubled

e —
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as in Figure 5(b). Now the bandwidth increases t AMC-— ——
2.04%. For the structure in Figure 5(c), 2 layer o i t— Gbsrte | _AMC

AMC is stacked on the ground plane. The thicknes ‘ e
is increase to 2.665 mm. Calculated bandwidth f Subsrat %
stacked layer AMC is increased to 3.86%. Figure %o -y

shows the simulation result for thickness Grolmd

modification illustrated in Figure 5. _ ) L )
Figure 5: Thickness Modification (A) Single Lay¢)
200 Substrate With Double Thickness (C) Stacked Layer
150 A
. 200
<100
v 150 1
© 50 -
= o 100
c 0 n
£ 2 s
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&
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@) -200
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Stacked AMC
— — — Double thickness substrate
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Figure 6: Thickness modification of AMC
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3. ANGLE OF INCIDENT

—— Figure 3(a) \ The study in angle of incidence of plane wave
-150 | — — Figure 3(b) N N on AMC is important to find out the AMC stability.
-200 — In [13], the Jerusalem cross patch metallization
0.80 082 084 086 088 0.90 0.92 0.94 0.96 0.98 shows more stable than the square patch and square
Freq‘(‘g;cv (GHz) ring AMC. In this part, the stability of square
AMC and stacked wafer AMC will be investigated.
200 Figure 7 shows the reflection magnitude and phase
] of AMC at different incidence angles. From the
reflection phase in Figure 7(b) and (d) shows that
the graphs are very close to zero at 0.92 GHz
frequency. The bandwidth for both AMCs is
increase from 0° to 60°. The bandwidth is increased
to 1.27% and 1.82% for square and Stacked Wafer
AMC respectively. The frequency of square AMC
varies from 0.92 GHz at 0° until 0.93 GHz at 60°.
0 J While for Stacked wafer AMC the frequency varies
076 078 0.80 0.82 084 086 0838 090 0.92 from 0.92 GHz at 0° to 0.9256 GHz. Herein, both
Frequency (GHz) (c) square and stacked wafer AMCs show good

Figure 4: Reflection Phase Of Wafer AMC With (A)  stability when dealing with different angle of
Different Of Slots Size (B) Addition Slot As Inuig incidence.
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4. DIPOLE ANTENNA AND STACKED
WAFER AMC AT 0.92 GHz

S
o

In this part, the dipole antenna will be used to
10° represent the RFID tag. The purpose of this paper i
20° to overcome the problem of metallic object
T v detection in RFID, so it required non-complex
50° dipole antenna design. Table 3 shows the detailed
‘ result for optimized stacked AMC at 0.92 GHz. The
092 093 0.94 use of wafer stacked AMC to the back of the dipole
Frequency (GHz) . .
@) antenna hgd mcrease@ the return loss value (in
negative side) and gain of the antenna. The table
shows that when the metal plate is applied, the gai
of the antenna dropped to -13.60 dB and the
efficiency of the antenna become poor. The single
cell of stacked wafer AMC designed in part 3 has
10° been optimized at 0.92 GHz. The structure of
200 stacked wafer AMC is shown in Figure 8.

-
o

Magniture (dB)

0.90 0.91

100 4

Reflection Phase (°)
g o

e
o
S

N
@
o

0.90 0.92 0.94 0.96 0.98

0.88
Frequency (GHz)
(b)
84 mm
5
3 V4 -
g . 10°
% _'\./'j’l ig" 126 mm
= | w  Figure 8: 3 X 1 Stacked Wafer AMC Optimized At 0.92
\,'/ - 50° Ghz
-1.4 ——— 60°
0.88 0.90 0.92 0.94 0.9 Table 2: Simulation Result For Dipole Antenna, Dipo
Frequency (GHz)
(©) Antenna With Metal Object And Dipole Antenna With
Stacked Wafer AMC
150 . Dipole
Dipole Dipole antenna and

100 antenna | 2N€NNa 1 oo cked wafer
— and metal AMC
2 %] Return L
2 eturn Loss,
& o dB -14.74 -0.22 -21.81
2 .l Gain, dB 1.98 -13.60 3.04
100 Dectvit | 207 5.38 515

150 | 5ﬁ'c'e“°y’ 97.93 1.26 82.35

(1]

0.88 0.90 0.94 0.96

Frequgﬁf:y (GHz)
(d) From Table 3, the use of stacked wafer AMC
Figure 7: (A) Magnitude And (B) Reflection Phase Of to the dipole antenna had increase the gain and
Square AMC (C) Magnitude And (B) Reflection Phae G,y oss of the antenna. When the metal plate is
Stacked Wafer AMC . ' .
applied to the back of the antenna, the value of ga
become negative and the efficiency of the antenna
drops to 1.26%. This means that the antenna is
failed to operate when placed directly/near to ineta
based object. By applying AMC to the back of the
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antenna, it not just overcomes the problem cause BICKNOWLEDGEMENT

the metal object, but it also increase the

performance of the antenna itself.
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shown in Figure 9. The fabrication process is ver
simple and not requires higher cost. Using th
RFID reader from the market, the reading distance
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of the AMC is measured. First, the distance foREFRENCES:

RFID is measured and the highest distance for

RFID tag is measured at 5 meters. Then, the me I]

plate is placed at the back of the RFID tag. Th
RFID reader produces no sound even that the tag is
placed very near to the reader’'s antenna. When, the
stacked AMC is placed between the RFID tag and
metal plate, the longest reading distance
measured at 2.5 meters.

(
Figure 9: The Prototype Of Wafer Stacked AMC Agplie
To RFID Tag On (A) Flat And (B) Curve Surface
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5. CONCLUSION

For the conclusion, the use of AMC is proved to
provide shielding to the antenna from the metal
object. In this paper, the new structure of wafer
stacked AMC has been proposed for RFI

application at 0.92 GHz frequency. The substrat
used in this paper is a bendable type so it can be
applied to limited bending curve surface.
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