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Abstract— In this paper, we present a new position
detection system with two printed spiral inductors(PS-
Inductors). When the voltage transmission efficiency be-
tween first PS-Inductor and second PS-Inductor, which are
not same PS-Inductor, is measured, value of the voltage
transmission efficiency are observed with changing posi-
tion. Position can be detected by using the characteristic
values. We make clear to be able to construct the position
detection system.

1. introduction

Recently, spiral inductor is used for chip inductor, on-
chip inductor and so on. Therefore, a spiral antenna is used
for RFID etc.. The spiral inductors and spiral antennas are
developed rapidly. Especially, spiral antennas are used to
RFID etc[1]-[3]. However, mutual inductance between two
or more spiral inductors is not often used.

In this study, voltage transmission efficiencies between
two printed spiral inductors (PS-Inductors) are investi-
gated. If an alternate current of an arbitrary frequency
is given to the primary PS-Inductor, an alternate current
which has the same cycle of primary PS-Inductor is gen-
erated at the secondary PS-Inductor by the electromag-
netic induction[4],[5]. Transmission efficiency is obtained
from voltages of primary PS-Inductor and secondary PS-
Inductor.

Firstly, voltage transmission efficiency between two
same PS-Inductors is investigated as changing frequency.
Next, by shape, size and the location of the secondary PS-
Inductor is changed, transmission efficiencies are investi-
gated. Finally, the new position detection system is con-
structed based on the above-mentioned measurement re-
sult. When secondary inductor at an arbitrary coordinate
is existed, the voltage transmission efficiency(v1;) is mea-
sured. The secondary inductor is rotated by an arbitrary
angle. and the voltage transmission efficiency(v2;;) is mea-
sured. If a combination of v1; and v2; differs from com-
binations of v1;, and v2,, of all coordinates, position of
secondary inductor can be determined by using v1 and v2,
It is made clear that an angle, which the combination of
vl and v2j is unique value, exists. We make clear to be
able to construct the position detection system.
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2. Measurement of Inductance

The inductance of the PS-Inductor is given from follow-
ing circuit (see Fig.1). This circuit shows the Colpitts os-
cillator. In setting up the circuit equation in this circuit,
and assuming imaginary part =0, the following equations
(1) are given.
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Figure 1: Circuit of inductance measurement
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3. Experiment
3.1. Transmission Efficiency of Same Inductors

Two PS-Inductors which have same characteristics are
overlapped at a distance of 1.6[mm]. Voltage transmis-
sion efficiency between the primary and the secondary PS-
Inductors is observed by using a circuit of Fig.2. The pa-
rameter is each L1 = L2 = 11.0[uH],andC2 = 109[nF].
The voltage transmission efficiency is obtained as follows.
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An observed phenomenon is shown in Fig.3. Vertical
axis means voltage transmission efficiency, and horizontal
axis means frequency. Maximum voltage transmission ef-
ficiency is observed when frequency is around 11.8[MHz].
Although two PS-Inductors are same parameters, maxi-
mum output voltage can be generated seven times of input
voltace
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Figure 2: Circuit of measurement (same inductors).
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Figure 3: Voltage transmission efficiency between two

same PS-Inductors.

3.2. Resonance Frequency
We prepare the PS-Inductors of the following specifica-

tions.

1. Primary inductor (see Fig.4)

Maximum diameter(D,,,,) = 92.0[mm]
Minimum diameter(D,,;,) = 4.0[mm)]
Number of half turns = 89[turns]

Width of conductor = 0.2[mm]

Distance between conductors = 0.8[mm]

2. Secondary inductor (see Fig.5)

As the secondary inductors, some half-circles which di-
ameters respectively differ are prepared. The diameters (D)
of half-circles are shown in Table 1.

C, is coupled to the secondary inductor (see Fig.2). The
capacity of C; is set 106[nF] which is much larger than ca-
pacitance of a probe because of disregarding the influence
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Figure 5: Sample of
secondary inductor.

Figure 4: Primary inductor.

Table 1: Diameters of half circle.

Diameter (D) [mm] | Proportion to D,,,, [%]
23.0 25
46.0 50
69.0 75
92.0 100

of the capacitance of the probe. Centers of the primary in-
ductor and secondary inductor are set to same location and
proportion of secondary voltage to primary voltage is in-
vestigated changing frequency of input signal. Fig.6 shows
the results. Theoretical resonance frequency is given by
this equation.

1

f=27r\/L_C'

Table2 shows the theoretical value and the experimental
result of resonance frequency.

We can observe that experimental results resemble to
values of theory. The following measurements are used
resonance frequencies of experimental result of Table 2.

3

3.3. Transmission Efficiency

3.3.1. Method of measurement
The transmission efficiency between primary and sec-
ondary is measured changing position of secondary half
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Figure 6: Frequency characteristic



Table 2: Resonance frequency of each inductor

Diameter | Measurements | Theoretically value
23.0 1.4 1.4
46.0 1.2 1.1
69.0 1.1 0.99
92.0 0.90 0.88
[mm)] [MHz] [MHz]

circle inductor. The methods of changing the position is
as follows:

1. The center of primary inductor and the center of sec-
ondary inductor are matched, and the center of pri-
mary is set as original point, and, x-axis and y-axis
are provided.

2. The secondary inductor is moved at intervals of
5.0[mm] along x-axis and y-axis respectively.

3.3.2. Measurement result

The measurement results of Sec.3.3.1 are shown in
Figs.8-11. The (a) of each Figs.8-11 expresses result of
mapping to xz-plane.

When y=0, voltage proportions of each secondary in-
ductor to primary inductor are shown in Fig.7. We can ob-
serve that voltage proportion depends on diameter of the
secondary inductor.
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Figure 7: Voltage proportion of secondary to primary
(y=0).

Six phenomena are observed as follows:

1. Maximum proportion of voltage exists on y-axis with-
out influence of diameter of secondary PS-Inductor.

2. The second heights of local maximum are almost
same.

3. A coordinate of maximum voltage proportion is
changed to depend on diameter of secondary PS-
Inductor.

4. A line where the voltage proportion is around zero ex-
isted.

5. Value of voltage proportion depend on the diameter of
secondary PS-Inductor very much.

6. When D=23[mm] and y=-25[mm)], line of minimum
value is observed. We can not observe minimum value
as other diameter of secondary PS-Inductors.
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3.4. Position detection

A system of position detection is constructed by using
the results of the Sec.3.3.2. A voltage transmission effi-
ciency of arbitrary coordinates (x, y) is expressed vi(x,y) A
voltage transmission efficiency at (x, y) is expressed v, (x, )
when the secondary inductor is rotated an arbitrary angle.
If a combination of v{(i, k) and v,(i, k) is unique for com-
binations at all other positions, the system of position de-
tection can be constructed. We consider v;v,-plane which
is mapped from xy-plane. When (v1(0, 0),v,(0, 0)) is the
reference point, the vectors are expressed as follows:

vlig, v2i) = (10, k) = v1(0,0),v2 (0, k) = v2(0,0))  (4)

where
_ Dl"lb\’ DH!(I.X _ Dl"lb\’ Dl"lb\’
2 2’ 2 2
When Eq.6 is satisfied, a combination of v1; and v2 is
unique.

<i< <k<

(&)

vig #vly,  or V2 #F V2

(i#!l or k+m).

We investigate the arbitrary angle which satisfies these
requirements. These requirements are satisfied when the
secondary inductor is rotated 180 degrees and the diameter
of secondary inductor equals 46[mm](see Fig.12).

4. Conclusion

(6)

In this study, voltage transmission between two PS-
Inductors were investigated and we made clear to be able
to construct the position detection system.

When two same PS-Inductors were matched and fre-
quency was changed, very interesting phenomenon of volt-
age transmission efficiency was observed. When frequency
was around 11.7[MHz], maximum voltage transmission ef-
ficiency was able to be generated. The maximum output
voltage of the input voltage was generated seven times.

Further, voltage transmission efficiency between primary
and secondary PS-Inductors was investigated when each
diameter was D = 23[mm], 46[mm], 69[mm] and 92[mm].
Six phenomena were observed.

When the secondary inductor is rotated 180 degrees and
the diameter of secondary inductor equals 46[mm], a posi-
tion of secondary PS-Inductor was able to be detected by
measuring vy (i, k) and v, (i, k).
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Figure 12: Combination of v;(x, y) and v, (x, y).
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