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Abstract
In this study, we designed, measured, and analyzed a rearranged L-shape magnetic resonance coupling wireless power transfer (MRWPT) system for practical applications with laptops. The typical four resonator MR-WPT (Tx part: source loop and Tx coil; Rx part: Rx
coil and load loop) is difficult to apply to small-sized stationary and mobile applications, such as laptop computers, tablet-PCs, and
smartphones, owing to the large volume of the Rx part and the spatial restrictions of the Tx and Rx coils. Therefore, an L-shape structure, which is the orthogonal arrangement of the Tx and Rx parts, is proposed for indoor environment applications, such as at an Lshaped wall or desk. The relatively large Tx part and Rx coil can be installed in the wall and the desk, respectively, while the load loop is
embedded in the small stationary or mobile devices. The transfer efficiency (TE) of the proposed system was measured according to the
transfer distance (TD) and the misaligned locations of the load loop. In addition, we measured the TE in the active/non-active state and
monitor-open/closed state of the laptop computer. The overall highest TE of the L-shape MR-WPT was 61.43% at 45 cm TD, and the
TE decreased to 27.9% in the active and monitor-open state of the laptop computer. The conductive ground plane has a much higher
impact on the performance when compared to the impact of the active/non-active states. We verified the characteristics and practical
benefits of the proposed L-shape MR-WPT compared to the typical MR-WPT for applications to L-shaped corners.
Key Words: L-Shape, Laptop Applications, Magnetic Resonance, Transfer Efficiency, Wireless Power Transfer.

I. INTRODUCTION
Conventional indirect-fed magnetic resonant coupling wireless power transfer (MR-WPT) systems consist of four resonators in the following order: source loop, transmitter (Tx)
coil, receiver (Rx) coil, and load loop [1]. Spiral-shaped coils
(Tx and Rx) are located between the source and load loops for
strong magnetic coupling. In indirect-fed MR-WPT systems,
the Tx part consists of the source loop and the Tx coil, while the
Rx part consists of the load loop and the Rx coil. Most user experiences indicate that in practical applications, it is difficult to

use strongly-coupled magnetic resonance wireless charging system [2, 3]. This is mainly because of the large volume of the Rx
part and the spatial restrictions of the Tx and Rx coils. There is
a limitation to the thickness of mobile devices, and hence, the
distance between the load loop and Rx coil must be optimized
for to the highest transfer efficiency. Further, if only the load
loop is inserted in mobile devices, it would be inconvenient to
carry the Rx coil and place it near the mobile device. This would
need additional considerations, such as alignment of the Tx and
Rx parts, the practical transfer distance (TD), the transfer efficiency (TE), and limited charging places.
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In this work, we explore an L-shaped MR-WPT system for
applications in “L” shaped corners, such as at a wall or a desk in
an indoor environment. The Tx and Rx parts are orthogonal to
each other, and hence the term “L-shape”.
The concept of the proposed structure is “easy application in
many places”. Fig. 1(a) shows the L-shape MR-WPT. The
typical MR-WPT consists of four resonators. The order of arrangement of the resonators in MR-WPT does not experimentally affect the TE [4, 5]. Therefore, the order of the arrangement of the load loop could be varied without TE changes in
typical MR-WPT systems for practical applications. However,
the rearranged Out-In MR-WPT shown in Fig. 1(b) has a spatial limitation for the Tx and Rx coils [5]. Electronic devices
including a load loop must be placed between the Tx and Rx
coils. Therefore, the system shown in Fig. 1(c) is proposed to
this solve problem of the spatial limitation and to apply this
system to L-shaped corners of the wall or at desks in an indoor
environment. The proposed structure is basically modified from
the Out-In MR-WPT as follows [5]: source loop - Tx coil Load loop - Rx coil. In real applications, the large sized Tx part
(Tx coil and source loop) and the Rx coil of the Rx part can be
located in the wall and the desk, respectively, while the load
loop of the Rx part is embedded in the stationary or mobile devices.
In measurement of the TE, three kinds of load loops according to the shape (circle and rectangle) and thickness (0.5 cm for
wire and 1.0 cm for pipe) of the load loop for the performance
comparison in practical laptop applications are tested. The TE
is measured according to the TD, and it is also measured according to the misaligned location of the load loop on the Rx
coil. In addition, for comparison of the practical performance
according to the states of a laptop computer, we measured the

(a)

TE in the active/non-active states and monitor-opened/closed
states of the laptop computer. It is noted that the active/non
active states of the laptop computer mean power on/off.
Section II describes the design and the fabrication of the proposed system. Thorough experiments and in-depth analysis are
conducted, for comparing TEs in various use cases as described
in Section III. The conclusion of this work is made in Section
IV.
II. DESIGN AND CONFIGURATION OF THE
L-SHAPE MR-WPT
The proposed L-shape MR-WPT is modified from the OutIn MR-WPT [5]. Cross-coupling value between Tx coil and
load loop was neglected for simplicity because the value is low
[6]. Fig. 2 shows the structure and configuration of the proposed system. Distance A is TD, which is defined as the distance from centers of the Tx and Rx coils. Distance B is the
height of the load loop from the Rx coil. Distance A is adjusted
by two parameters. One is the height of the Tx part from the
Rx coil, i.e., distance C, while the other is the distance between
the Tx part and the Rx coil, i.e., distance D.
The source loop is excited by input power of 0 dBm. A magnetic field is generated around the source loop. Then, there is
mutual inductance between the source loop and the Tx coil.
Similarly, there is mutual inductance between the Tx and Rx
coil as well. Finally, the power is transferred to the load loop by
the mutual inductance between the Rx coil and the load loop.
The Rx coil and the load loop in the Rx part are vertical to
the Tx part and parallel to the floor in the L-shape MR-WPT.
The resonators, loops, and coils are fabricated using 1.0-cmthick copper pipe. The source loop is a circular structure with a
40 cm diameter. The Tx and Rx coils are designed with the
same-sized spiral coils. The outer circle is 60 cm, and the pipe is
wound for 5 turns with a 1.5-cm pitch. A 6-pF capacitor is
connected at the ends of coils to resonate at the operating frequency.

(b)

(c)
Fig. 1. Concept of the L-shape MR-WPT. (a) Typical MR-WPT, (b)
Out-In MR-WPT, and (c) L-shape MR-WPT.

Fig. 2. Structure of L-shape MR-WPT.
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frequency after extracting the inductances of the coils using a
three-dimensional full-wave electromagnetic wave simulator.
III. RESULTS OF MEASUREMENTS AND SIMULATION

(a)

(b)

(c)

Fig. 3. Load loops of Rx part. (a) Circular loop (CL), (b) rectangular
pipe loop (RPL), and (c) rectangular wire loop (RWL).

As shown in Fig. 3, there are three load loops with dimension
combinations of two thicknesses and two shapes in the L-shape
MR-WPT. One load loop, which is the control group, is a circular loop (CL) made with 1.0-cm-thick pipe. The CL is designed as a full-size replica of the source loop. The Tx and Rx
parts in MR-WPT with the CL are symmetrical configurations.
The other two load loops are fabricated from 1.0-cm-thick copper pipe and 0.5-cm-thick copper wire, and are designed using
the same sized rectangular loops as those of a laptop computer,
i.e., 24.5 cm × 39 cm. These load loops are referred to as rectangular pipe loop (RPL) and rectangular wire loop (RWL).
The total length of the rectangular and circular loops is about
127 cm. With these two different shapes, we can determine the
effect of the shape of the resonator on the magnetic coupling
with the nearest one. Table 1 shows the simulated RLC values
for each resonator. The equivalent circuit for the L-shape is
usually expressed using RLC values. The equivalent circuit of Lshape MR-WPT is similar to that of Out-In MR-WPT [4, 5].
All loops and coils were connected with capacitors, resulting in
the wanted resonance frequency of 6.96 MHz. The capacitance
values in Table 2 were calculated to have the same resonance
Table 1. Simulated RLC values and Q-factor of coils and loops used in
L-shape MR-WPT
Resonator

R (Ω)

L (nH)

C (pF)

Q-factor

Source loop, CL
RPL

0.07
0.05

955.33
804.79

576.8
684.7

89.59
112.04

RWL

0.08

955.00

577.0

86.33

Tx coil, Rx coil

0.33

55,103.71

10.0

1,134.19

Table 2. Capacitance values of coils and loops used in L-shape MRWPT
Resonator

Simulated value
(pF)

Experimental value
(pF)

Source loop, CL
RPL
RWL
Tx coil, Rx coil

576.8
684.7
577.0
10.0

560.0
680.0
560.0
6.0
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1. Measurement and Simulation of the L-shape MR-WPT
In the measurements, we compared the TE of the L-shape
MR-WPT with that of the Out-In MR-WPT at the same TD,
i.e., distance A [5]. The effects of the thickness and shape of the
load loop on the TE of the MR-WPT are investigated. The
trends of the TE of the L-shape MR-WPT with three load
loops with respect to the TD are analyzed using the simulation
and measurement results. We also investigated the trends of the
TE of the L-shape MR-WPT when the load loop is misaligned
from the center position at the optimized height. In addition,
we verified the TE change in the monitor opened/closed states
and active/non-active states of a laptop computer.
In these experiments, the source loop, Tx coil, and Rx coil
described in Section II were fixed resonators in the fabricated
MR-WPT. There are two variables in the measurement of
transmission of the scattering parameter (S21) in Fig. 1(b). One
is TD, i.e., distance A. The measurement was conducted at TD
values of 45 cm, 55 cm, 65 cm, and 75 cm. To set up the four
TDs mentioned above, we keep distance C constant when distance D is variable. The other variable is distance B.
The measurement was conducted at distance B values of 0 cm,
10 cm, and 20 cm. When the distance A is varied, the distance
D is arbitrarily chosen. The distance between the source loop
and the Tx coil was moved to match the impedance for the
highest TE. The TE is calculated from the Eq. (1) using S21
measured by a vector network analyzer (VNA; Agilent E5071B).
The equation for the relationship between TE (η) and S21 is
given in Eq. (1) for the TE of the MR-WPT [6, 7].



Poutput
Pinput



Vload 2 / ( Rload  Routput )
Vsource / {4( Rsource  Rinput )}
2

 S 21

2

(1)

The TE were calculated using the resistance (R) of the resonator, input impedance (Rinput = Routput = 50 Ω), and input voltage (Vsource). By measuring the S21 using the VNA, one can calculate the TE for the MR-WPT.
As shown in Table 3, the highest TE of the system with the
CL was 64.48% at distance A of 45 cm and distance B of 0 cm.
In the case of the system with the RPL, the highest TE was
61.43%, as shown in Table 3. There was about a 3.05% difference between the system with the CL and the RPL in terms of
the TE. In the case of the RWL, the TE was 61.39%, as shown
in Table 3. The two TEs between the system with the RWL
and the RPL were almost the same. The average resonant frequency was about 6.96 ± 0.002 MHz. The trend of TE at dis-
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Table 3. Measurement results of TE of L-shape MR-WPT according
to load loops (distance C = 0 cm)
MR-WPT

Distance

(Load loop)

B

Transfer distance (cm)
45

55

65

75

(%)

(%)

(%)

(%)

78.71

73.50

65.45

53.32

0

64.48

49.21

30.47

14.80

10

49.94

40.85

29.58

14.82

20

26.24

19.48

13.50

6.71

0

61.43

49.10

32.86

16.04

10

40.58

32.35

22.55

10.54

20

17.03

13.00

8.835

4.08

0

61.39

47.70

32.11

15.71

10

38.48

31.04

21.00

10.28

20

17.00

12.29

7.41

3.41

Typical MR-WPT

-

L-shape MR-WPT
CL

RPL

RWL

tance C of 0 cm is shown in Fig. 4. With a decrease in distance
A and distance B, the TE increases.
Quantitative comparisons of the TEs are carried out for the
Out-In MR-WPT and the L-shape MR-WPT, as shown in
Fig. 4. The two configurations are identical except for a right
angle of the two parts. When the CL is the same size, i.e., 40
cm, the TEs for the Out-In and L-shape MR-WPTs were
78.41% and 64.48%, respectively [5]. This difference, 13.93%, is
attributed to the decrease in magnetic coupling between the Tx
and Rx coils [8, 9]. The shape and thickness of the load loop,
such as the RPL or the RWL, do not affect the TE of the Lshape MR-WPT.
The TEs of the systems with three kinds of the load loops are
plotted in Fig. 5. The system with the CL operates best at the

(a)

Fig. 4. Simulation and measurement results of TE according to TD.

TDs of 45 to 55 cm. There was a slight difference among the
three cases. It should be noted that the shape and the dimension
of the load loop do not affect the TE dominantly.
Q

L
R

(2)

The resistance of the bent part of the rectangular loop is relatively higher than any other parts [10]. This affects the Q-factor
of RPL and RWL according to Eq. (2), but the decreasing Qfactor is not enough to decrease S21.
2. Measurement and Simulation of the Practical Applications
During use, the laptop computer could be laid on a misaligned location from the center on the Rx coil. This can cause a
decrease in the TE. Depending on the misaligned distance of
the load loop on the Rx coil, the magnitude of magnetic coupling in the L-shape MR-WPT can be changed. Note that for
the wireless charging product, the optimal locations for the load
loop and the Rx coil should be designed such that the TE is the
highest. To verify the TE for various locations that a stationarytype electronic device can be laid, the horizontal position on the
plane of the Rx coil was divided into 25 square unit sections, as
shown in Fig. 6(a). When the center of the RPL matched with
the center of the arbitrary square unit section, the S21 was measured for the specific formation of the L-shape MR-WPT. Dis-

(b)

(c)

Fig. 5. Measurement results of TE of L-shape MR-WPT (distance B = distance C = 0 cm). (a) CL, (b) RPL, and (c) RWL.
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(a)
(a)

(b)

Fig. 6. TE changes by misalignment of load loop. (a) Measurement
method and (b) 3D-distribution of TEs of L-shape MR-WPT.

(a)

(b)

(c)

Fig. 7. Simulation results of H-field distribution of L-shape MRWPT according to phase differences of H-field. (a) 90°, (b)
180°, and (c) 270°.

tances A, B, C, and D were 65 cm, 10 cm, 0 cm, and 28 cm,
respectively. In this case, the L-shaped MR-WPT operates at
6.98 ± 0.057 MHz. According to Fig. 6(b), the highest S21 was
measured when the RPL was located at the center point of the
Rx coil. The farther the RPL is from the center of the Rx coil,
the lower the S21 of the L-shape MR-WPT. However, the S21
increases as the RPL get close to the junction area of Tx part.
This phenomenon is clearly observable in Figs. 7 and 8. Fig. 7
shows the simulation results of the H-field distribution of the
proposed system. The power is transferred wirelessly through
the magnetic coupling at the junction part between the Tx and
Rx coils according to the phase. This is because the intensity of
the magnetic flux is populated at the area adjacent to the two Tx
and Rx coils when the distance C approaches zero, as shown in
Fig. 8. The magnitude of the magnetic field intensity at these

(a)

(b)

Fig. 8. Simulation results of the H-field distribution of L-shape MRWPT. (a) H-field at phase 180° and (b) detailed H-field at
junction.
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(b)

(c)

(d)

Fig. 9. Photographs and TEs of L-shape MR-WPT in practical laptop
applications. (a) Without laptop computer, (b) monitor closed
and non-active, (c) monitor opened and non-active, and (d)
monitor open and active.

areas is inversely proportional to the height difference of the
coils. Therefore, this trend was common under most conditions
of the L-shape MR-WPT including other load loops.
In addition, there are typically two electrical grounds, namely
the display panel in the monitor frame and the circuit board in
main frame. The conductive ground planes affect the magnetic
field and coupling coefficient according to the position of laptop
computer. To verify the effect of the conductive ground plane
on the TE, a laptop-sized RPL was attached to the bottom of
the laptop. As shown in Fig. 9, distance C was 0 cm, and the
laptop computer with the load loop was placed over 10 cm from
the Rx coil. These experiments showed that electronics such as
the display panel and electronic circuit board, prevent the magnetic coupling. The laptop computer with the conductive
ground plane affects the magnetic coupling in the proposed
system. When the laptop computer was opened, the TE decreased from 32.6% to 28.0%. In contrast, in the active/nonactive state of the laptop, there is not much effect on the magnetic coupling of the L-shape MR-WPT. This result shows
that the conductive ground plane has a greater impact on the
electromagnetic performance than the active/non-active states.
IV. CONCLUSION
In this paper, we analyzed the proposed MR-WPT system
with L-shape configurations for applications to the stationary or
mobile devices. The electromagnetic field distributions and TEs
of the proposed L-shape MR-WPT were simulated and measured. Results show that the TE of the L-shape MR-WPT is
64.48%, which is at least 13.93% lower than that of the Out-In
MR-WPT because the mutual inductance is decreased due to
the concentration of the magnetic resonant coupling at the
junction between the Tx and Rx coils. The shape of the load
loop does not affect the TEs of the MR-WPT. As distances A,
B, C, and D increase, the TEs decrease. In addition, the active/non-active states of the laptop computer do not have much
effect on the magnetic resonant coupling between the Tx and
Rx parts. This result shows that the conductive ground plane
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has a much greater impact on the electromagnetic performance
than the active/non-active states of the laptop computer. Although reconfiguration of the MR-WPT caused some performance degradation, the proposed system is highly applicable
when considering indoor structures such as L-shaped corner, as
compared to the typical and Out-In MR-WPT.
This work was supported by a National Research Foundation (NRF) of Korea Grant funded by the Korean government (No. 2016R1D1A1B02012957).
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