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Study for Realization of Arbitrary Inductance Values
using Distributed Elements and Capacitors

“*Jongsik Lim, *Seok-Jae Lee, *Dal Ahn, and
“*Sang-Min Han

*Soonchunhyang Univesity,
Asan, Chungnam 31538, Republic of KOREA
*jslim@sch.ac.kr, #auspice@ieee.org

Abstract—In design of microwave circuits, lots of arbitrary
inductance values are required. In this paper, methods to realize
arbitrary inductance values using transmission line with
relatively high characteristic impedance and capacitor are
discussed. The first design utilizes only transmission line, while
the second method adopts a capacitor as well as the transmission
line. In addition, the attached capacitor may have a fixed-value
or variable capacitance. The related equations for calculating the
equivalent inductance are induced with resultant inductance
graph. It is well shown that arbitrary inductance values may be
realized from the high impedance transmission lines with or
without attached capacitor. In the second discussion, the
obtained inductance is adjustable as the attached capacitance
value is controlled.

Keywords—microwave distributed
arbitrary inductors.

inductors, inductors,

I. INTRODUCTION

In design of microwave circuits, lots of distributed
elements such as chip resistors, inductors, and capacitors are
required both directly within RF parts and indirectly in DC
supplying networks. Even most of lumped elements are
surface mount device (SMD) type and their size is normally
very small, however, in practice, many designers suffer from
the undesirable parasitic components due to the electrodes for
soldering. To the worse, arbitrary element values are not
exactly supported because chip element values are quantized
as designated values by industrial standards such as the series
of E12, E24, and so on. As for chip inductors, the same
situation goes, so, in many cases, designers have to select the
chip inductor which is the mostly near from the ideally
required value and available in one’s laboratory. This is one of
main reasons of performance deviation between simulation
and practical measurement. Especially, for multiple band
applications, the deviation get worse at higher frequency
bands needless to say at the fundamental or primary operating
band [1-3].

In this work, methods for realizing arbitrary inductance
values using distributed transmission line is discussed. The
inductance values are realized using high impedance
microstrip lines and varactor diodes. As results, it is possible
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to design the required arbitrary inductance value within a
reasonable range and tune it finely by adjusting the
characteristic impedance and electrical length of the microstrip
line.

Il. REALIZATION OF ARBITRARY INDUCTANCE
VALUES USING HIGH INPEDANCE MICROSTRIP LINES

It is well known that the transmission line with a high
characteristic impedance acts like a inductor at the operating
frequency [4,5]. Fig. 1 shows the equivalence between the
corresponding lumped inductor and the transmission line with
a high impedance, Z,, and electrical length, 6 If the
inductance value is Leg, there is a frequency, @, when two
input impedances of the lumped and distributed elements are
equal to each other as shown in (1). So for an operating
frequency(f,) and pre-selected Z, an arbitrary inductance
value can be realized theoretically by determining the proper 6.
As an another way, if @ is chosen first, then proper Z. can be
calculated. However, the latter is not recommended because,
in some cases, the calculated Z, may express a capacitive
property rather than an inductive element.

Zin > Z.p™>

L Z

0

eq

(@) (b)

Fig. 1 Equivalence between an inductance and the
transmission line with a high impedance, Z;, and electrical
length, 6. Input impedances of the (a)lumped inductor and
(b)distributed element are equal at certain frequency.
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Taking “Z,=100Q” at 1GHz as an example, a quasi-linear
relation between inductance value and electrical length
illustrated Fig. 2 is obtained. Summarily, it is possible to
realize arbitrary inductance value by adjusting the electrical
length of the high impedance microstrip line. In addition, in
the simulation stage before the circuit realization, fine tuning
can be applied to obtain a precisely required inductance.
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Fig. 2 Calculated relation between inductance value and
electrical length using equation (1) (Z,=100Q at 1 GHz).

I11. CONTROLLABLE ARBITRARY INDUCTANCE
VALUES [6]

One drawback of Fig. 2(b) is that it is impossible to change
the equivalent inductance value once the circuit has been
realized after fixing Z. and 0. In order to overcome this
problem, Fig. 3(a) can be proposed and improved as Fig. 3(b)
[6]. Comparing Fig. 3(a) to Fig. 1(a), and equating the
equivalent inductance value, then (3) is induced. This means a
capacitor connected a high impedance transmission line can be
seen as an equivalent inductor. Therefore if the capacitor is
adjustable, then the resultant inductance is also controllable.
This is the key advantage of Fig. 3(b). There are many ways to
implement the variable capacitor such as adjustable capacitors
and varactor diodes.

L - wCZ2tand-Z,
“ w’CZ, +wtand

O]
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Fig. 3 Equivalent inductance circuits using transmission lines
and capacitors (a)fixed capacitor (b)variable capacitor.[6]

As an example, when “Z:=100Q” and “0=30"" at 1GHz,
one can get the adjustable equivalent inductance according to
the variable capacitance as shown in Fig. 4. It is also
understood that an arbitrary inductance value can be realized
and controlled precisely by changing the connected
capacitance as Fig. 3.
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Fig. 4 Calculated relation between the equivalent inductance
value and added capacitance using equation (2) (Z.=100 and
0=30° at 1 GHz).

IV. CONCLUSION

In this paper, study for realization of arbitrary inductance
values has been discussed. The first method utilizes the
transmission line with a relatively high characteristic
impedance (Z.) and electrical length (6). Arbitrary equivalent
inductance values are designed once Z; and &have been fixed
previous.

In order to obtain the controllable arbitrary inductance, the
second method adopts the high impedance transmission line
with a capacitance value connected was discussed. By
equating the proper relationship, the equivalent inductance has



been induced. It was also shown that the obtained inductance
value was adjustable as varying the attached capacitance.
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