APPLICATION NOTE

Using Coaxial Line Elements as Inductors
Introduction
Coaxial line elements can be used below resonance to simulate
high Quality factor (Q), temperature-stable, compact inductors.
More precisely, shorted coaxial lines exhibit an inductive
reactance when used below quarter-wave resonance, and
approximate the behavior of an ideal inductance or coil over a
limited frequency range. As the operating frequency approaches
the Self-Resonant Frequency (SRF) of the coaxial line element, the
approximation is less valid.
An exact equivalent circuit is complex and includes parasitic
elements resulting from a transition from the printed wiring board
to the interior of the coaxial line. In this Application Note, a firstorder model includes only the ceramic coaxial line and an
estimate of the inductance due to the physical length of the center
conductor tab. The tab inductance appears in series with the
coaxial line's input impedance. An ideal, loss-less transmission
line is assumed to simplify the calculations. Minor corrections to
part length may be evident from prototype circuit performance.

The ZO values in Table 1 were computed from the following
approximation from H. Riblet’s An Accurate Approximation of the
Impedance of a Circular Cylinder Concentric with an External
Square Tube, IEEE Transactions on Microwave Theory and
Techniques, Volume MTT-31, October 1983, pp. 841–844.
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Coaxial line characteristic impedance (Ω).
Coaxial line physical length (inches).
Material dielectric constant.
Cross-section width (inches).
Hole diameter (inches).

The wavelength in the dielectric (λg) can be calculated from the
expression in Table 2, with fO as the design frequency in MHz.
Table 2. Wavelength (lg) in Dielectric

εr

Wavelength Formula for λg
(Inches)

1000

10.5 ± 0.5

3642/fO

Material

Let the preferred inductive reactance at the design frequency (fO)
be approximated by:
(1)
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2000

20.6 ± 1.0

2601/fO

Where:

8800

39.0 ± 1.5

1890/fO

Zinput = Impedance at the coaxial line terminals (Ω).
= Coaxial line characteristic impedance (Ω).
ZO
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Θ
=
Coaxial electrical length (radians).
λg

9000

90 ± 3

1244/fO

The characteristic impedance (ZO) is established by the coaxial
dimensions and the material dielectric constant (εr), as shown in
Table 1. The cross-section width (W) and hole diameter (d) differ
from final catalog part sizes by an allowance of 0.001 inches for
conductor metallization thickness.
Table 1. Coaxial Lines Properties vs Profile and Material
1000
(10.5 ± 0.5)

2000
(20.6 ± 1.0)

8800
(39.0 ± 1.5)

9000
(90 ± 3)

Tab
Inductors

HP

25.3 Ω

18.1 Ω

13.1 Ω

8.6 Ω

1.8 nH

EP

22.5 Ω

16.1 Ω

11.7 Ω

7.7 Ω

1.0 nH

SP

18.3 Ω

13.1 Ω

9.5 Ω

6.3 Ω

1.0 nH

LS

18.4 Ω

13.1 Ω

9.5 Ω

6.3 Ω

0.9 nH

LP

27.4 Ω

19.6 Ω

14.2 Ω

9.4 Ω

1.0 nH

SP

25.7 Ω

18.4 Ω

13.3 Ω

8.8 Ω

0.6 nH

SM

18.4 Ω

13.1 Ω

9.5 Ω

6.3 Ω

0.6 nH

Profile

(3)

ι

= Length of part (inches).
λg
= Wavelength in the dielectric at fO (inches).
Zinput = Impedance at the coaxial line terminals (Ω).
= Coaxial line characteristic impedance (Ω).
ZO
Note: The shorted transmission line model requires the constant
of the material filling the coaxial line.
Inductance-per-unit/length formulas are useful only when the line
is very short compared to a wavelength, and are inaccurate as the
fO approaches the SRF. The equation for input impedance can be
rearranged to determine the part length for a preferred inductive
reactance.

Phone [301] 695-9400 • Fax [301] 695-7065 • trans.tech@skyworksinc.com • www. trans-techinc.com
202810A • Trans-Tech Proprietary Information • Products and Product Information are Subject to Change Without Notice • May 21, 2013

1

APPLICATION NOTE • USING COAXIAL LINE ELEMENTS AS INDUCTORS

The SRF must lie within the recommended frequency range for
the same profile and material when used as a coaxial resonator.
This restriction places constraints upon the range of inductive
reactance that can be realized by this technique, although
arbitrarily high reactance values can be achieved close to the
SRF. The designer should carefully analyze the circuit response
when the fO is near the SRF.
The SRF can be calculated from previously-determined values.
The center conductor tab presents a small additional series
inductance that may be included in the total preferred inductive
reactance. Although the tab influence has not been measured,
the suggested approximate values are given in Table 1.

The SRF can be calculated from:
(4)
Where:
λg = Wavelength in the dielectric at fO (inches).
fO = Design frequency (MHz).
ι = Coaxial physical length (inches).

Copyright © 2013, Trans-Tech Inc., Inc. All Rights Reserved.
Information in this document is provided in connection with Trans-Tech, Inc. ("Trans-Tech"), a wholly-owned subsidiary of Skyworks Solutions, Inc. These materials, including the information
contained herein, are provided by Trans-Tech as a service to its customers and may be used for informational purposes only by the customer. Trans-Tech assumes no responsibility for errors or
omissions in these materials or the information contained herein. Trans-Tech may change its documentation, products, services, specifications or product descriptions at any time, without notice.
Trans-Tech makes no commitment to update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future
changes.
No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Trans-Tech assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Trans-Tech products, information or materials, except as may be provided in Trans-Tech Terms and
Conditions of Sale.
THE MATERIALS, PRODUCTS, AND INFORMATION ARE PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND,WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY, OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. TRANS-TECH DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS, OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. TRANSTECH SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT
LIMITATION, LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION,WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGE.
Trans-Tech products are not intended for use in medical, lifesaving, or life-sustaining applications, or other equipment in which the failure of the Trans-Tech products could lead to personal injury,
death, or physical or environmental damage. Trans-Tech customers using or selling Trans-Tech products for use in such applications do so at their own risk and agree to fully indemnify Trans-Tech
for any damages resulting from such improper use or sale.
Customers are responsible for their products and applications using Trans-Tech products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Trans-Tech assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Trans-Tech products outside of stated published specifications or parameters.

Phone [301] 695-9400 • Fax [301] 695-7065 • trans.tech@skyworksinc.com • www. trans-techinc.com
2

May 21, 2013 • Trans-Tech Proprietary Information • Products and Product Information are Subject to Change Without Notice • 202810A

