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A K-band delay line based on parasitic
reduced artificial left-handed transmission
line

hyun-seung lee, eun-gyu lee and choul-young kim

A K-band microstrip delay line based on parasitic reduced left-handed transmission line (LHTL) with interdigital capacitors
and shunt inductors is demonstrated with the aid of printed circuit board technology. The proposed delay line has ground slots
under the interdigital capacitors to reduce the parasitic capacitance. The time delay of the proposed LHTLs is approximately
2.6 times larger than that of the conventional LHTLs. The input return loss of the proposed LHTL at 24GHz is 216.9dB and
less than 210dB from 20.5 to 26.1GHz.
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I . I N T R O D U C T I O N

Microwave delay lines are very important components in
many applications, including radar and phased-array systems
[1]. There are many types of delay lines. Examples include
optical delay lines, magnetostatic wave delay lines, surface
acoustic wave delay lines, high-temperature superconducting
delay lines, and transmission line delay lines [2–5]. Delay
lines based on a transmission line are typified by their low
loss properties and their wide band characteristics; they are
also suitable for microwave integrated circuits and monolithic
microwave integrated circuits, though they require a larger
area compared to other delay lines. A compact delay line can
be formulated using an LHTL structure in a microwave inte-
grated circuit and a monolithic microwave integrated circuit
[6, 7], as in LHTLs, the phase constant b can be much larger
than that in RHTLs [8]. Delay lines based on microstrip
LHTLs have been implemented with planar transmission
lines periodically loaded with interdigital capacitances and
short-stub inductances at 1.5 and 9.5GHz, respectively [8, 9].

In this paper, a microstrip delay line based on an LHTL with
ground slots is proposed. A printed circuit board technology is
used to demonstrate a K-band delay line based on an artificial
LHTL. The time delay of the proposed three-unit LHTLs with
ground slots is approximately 2.6 times larger at 24GHz com-
pared to three-unit conventional LHTLs without ground slots.
The input return loss of the proposed LHTL at 24GHz is
216.9dB. Additionally, the input return loss of the proposed
LHTL is less than 210dB from 20.5 to 26.1GHz. These

findings were possible because the parasitic capacitance of an
interdigit capacitor is reduced with ground slots.

I I . D E S I G N

A conventional LHTL based on an artificial transmission line
with interdigital capacitors and shunt inductors is shown in
Fig. 1 [8]. A LHTL can be realized artificially in the form of
a lumped-element ladder network. In this model, there is no
series parasitic inductance because the parasitic inductance
is small enough. There is a parasitic capacitance present in
the interdigital capacitor.

The propagation factor with the parasitic capacitance bp is
given by
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Here, v denotes the angular frequency, L′ is the unit length
inductance, C′ is the unit length capacitance, and Cg is the
parasitic capacitance per unit length:
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The characteristic impedance with the parasitic capacitance,
Z0_P, is given by
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The time delay with the parasitic capacitance, td_P is given by

td P = 1

v2
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√
. (5)

The operating frequency is limited by the parasitic capaci-
tance, as follows:
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The effects of the parasitic capacitance known through
equations (1)–(5) show an increasing impedance mismatch
and a reduced the time delay in the range of equation (6).

The proposed LHTL with a ground slot that reduces the
parasitic capacitance is shown along with the equivalent
circuit model in Fig. 2. The parasitic Cg can be reduced by
removing the ground metal under the interdigital capacitor.
Capacitances and inductances are determined to have a 50
V port impedance and a small dispersion at a center frequency
of 24GHz. The test structures consist of the three-unit LHTL
delay lines and 50 V lines that connect the connectors at each
side. The test structures are designed on an RO3003 PCB,
which has a dielectric constant of 3 and a thickness of 10 mil.

I I I . M E A S U R E M E N T R E S U L T S

Conventional LHTL delay lines and the proposed delay lines
with ground slots were measured with a short-open-load-
through calibration up to the connectors to measure the S par-
ameter. An Agilent 8510C vector network analyzer was used.

Fig. 1. (a) The figure and (b) the equivalent circuit model of a conventional
unit delay line based on an artificial LHTL.

Fig. 4. Measured time delay of the test patterns of the proposed three-unit
LHTL and that of a conventional LHTL.

Fig. 2. (a) The figure and (b) the equivalent circuit model of the proposed
delay line based on parasitic reduced artificial LHTL.

Fig. 3. Measured return losses of the three-unit LHTL with and without a
ground slot.
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The input return loss of proposed LHTL is shown in Fig. 3. The
input return loss of the parasitic reduced LHTL is less than
210dB from 20.5 to 26.1GHz. The measured time delays of
conventional LHTL and the proposed structures are shown in
Fig. 4. The 50 V line which has same length of 50 V line for con-
necting to the connectors in each side is also fabricated and
measured. The time delay of proposed LHTLs with ground
slots is approximately 78 psec at 24GHz. The time delay of
the proposed parasitic reduced LHTL is higher by approxi-
mately 45 psec at 24GHz compared to a conventional LHTL.
These results are also in accordance with equation (5).

I V . C O N C L U S I O N

A K-band delay line based on parasitic reduced artificial trans-
mission line is proposed. The proposed delay line shows
superior performance compared to a conventional structure,
as demonstrated through its time delay, due to the low para-
sitic capacitance effects.

A C K N O W L E D G E M E N T S

This study was financially supported in 2012 by a research
fund of Chungnam National University.

R E F E R E N C E S

[1] Kang, B.K.; Kwon, B.J.; Mheen, B.K.; Yoo, H.J.; Kim, Y.H.:
Nonlinearity compensation circuit for voltage-controlled oscillator
operating in linear frequency sweep mode. IEEE Microw. Guid.
Wave Lett., 10 (2000), 537–539.

[2] Ortege, B.; Cruz, J.L.: Variable delay line for phased-array antenna
based on a chirped fiber grating. IEEE Trans. Microw. Theory
Tech., 48 (2000), 1352–1360.

[3] Okubo, K.; Prive, V.: A new magnetostatic wave delay line using YIG
film. IEEE Trans. Magn., 33(1997), 2338–2341.

[4] Reindl, L.; Ruppel, C.C.W.; Berek, S.; Knauer, U.; Vossiek, M.; Hiede,
P.; Oreans, L.: Design, fabrication, and application of precise SAW
delay lines used in an FMCW radar system. IEEE Trans. Microw.
Theory Tech., 49 (2001), 787–794.

[5] Wang, Y.; Su, H.T.: Wide-band superconducting coplanar delay
lines. IEEE Trans. Microw. Theory Tech., 53 (2005), 2348–2354.

[6] Kholodnyak, D.; Serebryakova, E.; Vendik, I.; Vendik, O.: Broadband
digital phase shifter based on switchable right- and left-handed
transmission line sections. IEEE Microw. Guid. Wave Lett., 16
(2006), 258–260.

[7] Kim, H.; Kozyrev, A.B.; Karbassi, A.; Van der veide, D.W.: Linear
tunable phase shifter using a left-handed transmission line. IEEE
Microw. Guid. Wave Lett., 15 (2005), 366–368.

[8] Caloz, C.; Itoh, T.: Transmission line approach of left-handed (LH)
materials and microstrip implementation of an artificial LH trans-
mission line. IEEE Trans. Antennas Propag., 52 (2004), 1159–1166.

[9] Lijun, C.; Qu, Z.; Shanjia, X.: Delay lines based on left-handed trans-
mission line structure. IEEE-APS Int. Symp. Dig., (2006), 1189–
1192.

Hyun-Seung Lee received the B.S. and
M.S. degree in electrical engineering
from Wonkwang University, Iksan,
Korea, in 2001. He is currently working
toward the Ph.D. degree in electrical
engineering at Chungnam National
University. His research interests are
RF filters and RF systems.

Eun-Gyu Lee received the B.S. degree in
electronics engineering from Chungnam
National University (CNU), Daejeon,
Korea, in 2004 and M.S. degree in elec-
trical engineering from Pohang Univer-
sity of Science and Technology
(Postech), Pohang, Korea, in 2006. She
is working on her Ph.D. degree in elec-
tronics engineering in CNU. Her re-

search interests include mm-wave integrated circuits and
systems for laser radar applications.

Choul-Young Kim received the B.S.
degree in electrical engineering from
Chungnam National University
(CNU), Daejeon, Korea, in 2002 and
M.S. and Ph.D. degrees in electrical
engineering from Korea Advanced Insti-
tute of Science and Technology
(KAIST), Daejeon, Korea, in 2004 and
2008, respectively. From March 2009

to February 2011, he was a Postdoctoral Research Fellow at
the department of electrical and computer engineering at
the University of California, San Diego (UCSD). He is assist-
ant professor of electronics engineering at Chungnam Na-
tional University, Daejeon, Korea. His research interests
include mm-wave integrated circuits and systems for short
range radar and phased-array antenna applications.

a k-band delay line based on parasitic reduced artificial left-handed transmission line 711

https://doi.org/10.1017/S1759078713000834 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078713000834

	A K-band delay line based on parasitic reduced artificial left-handed transmission line
	INTRODUCTION
	DESIGN
	MEASUREMENT RESULTS
	CONCLUSION
	ACKNOWLEDGEMENTS




