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Abstract—A miniaturized dual-loop near field communication
antenna of size 15 mm = 25 mm is proposed for metal cover
smartphone applications. By embedded it with a small
rectangular slot of size 8 mm > 16 mm loaded metal cover, the
direction of the eddy current induced on metal cover will be the

same with the current flow the on the dual loop NFC antenna coil.

It’s worth noting that the proposed NFC antenna design was
certified by the Europay, Mastercard and Visa (EMV) test.
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I. INTRODUCTION

NFC is a near field technology working within a short
range, with an operating frequency of 13.56MHz [1].
Nowadays, it has become an indispensable element embedded
in commercial smartphones. Conventional NFC antenna
designs for non-metallic metal cover smartphones usually
apply ferrite composite to shield the reverse eddy current
induced on metal mainboard and battery [2]. However, for
metal cover smartphones, NFC antenna is sandwiched between
metal cover and metal mainboard. Reverse eddy current
induced on metal cover will reduce passive parameters such as
self inductance (L,) and quality factor (Q), thus leading to poor
performance[3].

An NFC antenna working alongside the touch panel for
Tablet PC with metal cover was reported in [4]. To avoid eddy
current on metal cover, the NFC antenna was allocated beneath
the large clearance zone of 41.5 mm x 7.5 mm. An NFC
antenna with non-uniform meandering line and partial
coverage ferrite sheet is reported in [5]. It only requires a main
horizontal slot of 2 mm width. However, it also has the
overlapping problem with other antenna applications because
of the position and large planar size (46 mm = 38 mm) of the
coil.

In this paper, a novel miniaturized dual-loop NFC antenna
(15 mm =25 mm) with a very small square slot clearance (8
mm x 16 mm) is proposed for achieving NFC in full metal
cover smartphone applications. Besides the small dimensions
of the antenna coil and clearance zone, it also overcomes the
overlapping problem. Furthermore, it was certified by EMV
test.

Il. NFC ANTENNA STRUCTURE AND OTHER COMPONENTS

The structure and detailed dimensions of the proposed dual-
loop NFC antenna coil is shown in Fig. 1(a). The antenna coil
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is 15 mm in length and 25 mm in width. The coil consists of
two loops, the 6 turn upper loop and 5 turn lower loop. They
are connected by a jumper line. For better understanding, the
NFC antenna is divided into five sections. The line width and
line gap of the top and bottom section are 0.5 mm and 0.4 mm,
respectively. The corresponding left and right sections have
shared the line width and gap of 0.4 mm 0.3 mm, respectively.
As for the middle section, the width and gap of it are 0.3 mm
and 0.2 mm, respectively. The breakdown diagram is so much
similar as [5]. For brevity, it’s not shown here.

The plan view of the proposed NFC antenna and other
components are shown in Fig. 1(b). The antenna coil
assembled with ferrite composite is sandwiched between metal
cover (planer size of 41.5 mm = 7.5 mm) and metal mainboard
(planer size of 64 mm > 66.1 mm). It’s noteworthy that the
NFC antenna is embedded directly beneath the center of the
rectangular slot. Furthermore, the minor gap between the
maiﬂnboard and upper edge of the metal cover is only 1.7 mm.
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Fig. 1. (a) Structure and detailed dimensions of the proposed dual-loop NFC
antenna coil, (b) plan view of the proposed dual-loop NFC antenna and other
components. (Units: mm)
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I1l. NFC ANTENNA DESIGN

Eddy current distributions induced on the inner and outer
surfaces of metal cover are plotted in Fig. 2(a) and Fig. 2(b),
respectively. It’s worth noting that the same and reverse
direction of the eddy current on metal cover are compared with
the current direction on NFC antenna coil (blue color). As
depicted in Fig. 2, within the inner surface of metal cover, only
the eddy current induced directly above the NFC antenna coil
is in reverse direction with the current flow (blue color) on the
antenna coil. The eddy current exhibited on the remaining
inner and outer surface area (red color) are all in the same



direction compared with the current flow (blue color) on
antenna coil. Since the majority of eddy current (red color) are
in the same direction with the current flow on NFC antenna
(blue color), good magnetic field distribution is expected. For
comparison purpose, a 6 turn conventional reference antenna
coil (planer size of 15 mm =25 mm) is introduced in Fig. 3.
Here, the corresponding line width and line gap of the
reference antenna coil are the same with the proposed NFC
antenna. The magnetic field distribution plotted 10 mm away
from the reference antenna coil and proposed dual-loop
antenna coil are shown in Fig. 3(a) and (b), respectively. Note
that the conditions between the two antennas are exactly the
same, except that the two antennas are of different structure.
Thus, compared with the reference antenna, huge improvement
in the magnetic field of the proposed antenna shows the
advantage of the proposed dual-loop NFC antenna.
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Fig. 2. () Eddy current distributions of the proposed NFC antenna on the
inner surface of metal cover, (b) Eddy current distributions of the proposed
NFC antenna on the outer surface of metal cover.
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Fig. 3. Magnetic field strength distributions plotted 10 mm away from the (a)
conventional antenna coil (reference antenna coil), (b) proposed antenna coil.

IV. DISCUSSION AND MEASUREMENT

Before showing the measurement results, it’s important to
discuss the impact of the proposed NFC antenna on other
antennas. To support our argument that the proposed NFC
antenna will not interfere with other antennas, except for very
unusual cases when other antennas are stacking above or in
very close proximity with our proposed NFC antenna, a simple
reference inverted-F antenna (IFA) with switching capability is
designed, as shown in Fig. 4. The return loss of this IFA with
and without loading the proposed NFC antenna are almost
identical with each other. Due to the two pages limitation, the
results are not shown here.

The front view and back view of the fabricated proposed

dual-loop NFC antenna and other components are shown in Fig.

5(a) and Fig. 5(b), respectively. It’s noteworthy that the metal
cover was practically constructed by gluing copper sheets on a
plastic mould. After connected the NFC antenna to PN548
demo board, EMV test for card emulation (CE) mode was

conducted. The results for EMV test are shown in Table I .

Fig. 4. The structure and detailed dimension of NFC antenna and the reference
IFA with switching capability.
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Fig. 5. The fabricated propolged dual-loop NFC an?enna and other components,
(a) front view, (b) back views.

TABLE I. MEASURED RESULTS FOR CARD EMULATION (CE)
AND DETECTION RANGE OF THE R/W MODE
r, ® Load Modulation Level [mVee]
r=0(cm) r=1.5(cm)
Min/ (0] Min/ 0]
(cm)\| Max. Spec. | 0° | Max. Spec. | 0° [ 90=] 180°] 270°
0 8.8/80 17.4 4.9/80 16.8 | 6.1 | 148 | 436
1 7.2/80 8.8 4.1/80 91 | 46 | 7.3 | 219
2 5.6/80 5.0 3.3/80 53 | 35 | 42 9.7
3 4.0/80 4.1

The Detection Range for R/W Mode Test is 21 mm.

V. CONCLUSION

In this paper, a miniaturized dual loop NFC antenna (15
mm % 25 mm) embedded with a rectangular slot (8 mm %16
mm) loaded metal cover has been successfully conducted and
studied. The proposed NFC antenna has achieved relatively
good card emulation performance with detection range of 21
mm in R/W mode. Furthermore, potential overlapping problem
is eliminated. Thus, it can be applied in actual smartphones.
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