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The meander line employing periodic ground structure (MLEPGS) was fabricated on GaAs substrate for application to
miniaturization of RF components on MMIC, and its RF characteristics were thoroughly investigated. The MLEPGS with a
length of 𝜆/8 showed loss less than 0.72 dB up to 20GHz, which was low enough for application to RF passive components. The
MLEPGS showed much higher propagation constant 𝛽 and effective permittivity 𝜀eff than conventional meander line. Concretely,
the MLEPGS with 𝑇 of 20 𝜇m showed 𝛽 of 1.08∼20.85 rad/mm and 𝜀eff of 2703∼2479 from 1 to 20GHz, while the conventional
meander line showed 𝛽 of 0.18∼3.36 rad/mm and 𝜀eff of 74.2∼64.7 in the same frequency range. According to the result, the size of
the 𝜆/4 transmission line employing the MLEPGS was 0.151mm2, which was 3.5% of the size of the transmission line employing
conventional meander line.

1. Introduction

In wireless communication system market, miniaturiza-
tion of RF passive components has been required con-
stantly for the development of low cost communication
system [1–8]. Above all things, transmission line should
be miniaturized to reduce the size of RF components,
because all distributed RF components basically consist of
transmission line. The meander line has been widely used
for application to compact transmission line due to its
small layout area, which enabled a reduction of chip size
[1–5].

For a further reduction of the layout size, we pro-
posed themeander line employing periodic ground structure
(MLEPGS) [5, 7]. According to the results, the MLEPGS
showed wavelength much shorter than conventional mean-
der line, which enabled realization of highly miniaturized
on-chip passive components on MMIC. For application to

various on-chip components on MMIC, basic characteristics
of the MLEPGS should be explored thoroughly. We have
published several papers dealingwith aminiaturizedRF com-
ponent employing the MLEPGS [5, 7]; however, an extensive
investigation of basic characteristics on the MLEPGS has not
been performed yet.

In this work, using theoretical and experimental analysis,
basic characteristics of the MLEPGS were investigated for
application to the development of miniaturized on-chip RF
passive components. Concretely, for the first time, character-
istic impedance was investigated, and periodic capacitance
was extracted using theoretical and experimental results to
explore basic RF characteristics. In addition, attenuation and
propagation characteristics were also investigated for the first
time, and effective permittivity was extracted using theoreti-
cal and experimental results. Finally, bandwidth characteris-
tic of the MLEPGS was thoroughly investigated for the first
time.
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Figure 1: (a) Measured wavelength of the MLEPGS with various 𝑇 in a frequency range of 1∼10GHz and (b) 10∼20GHz.

2. Structure of the MLEPGS on MMIC

Recently, our research group has studied the MLEPGS
on GaAs substrate [5]. In the MLEPGS, periodic ground
structure (PGS) exists between SiN film and GaAs semi-
conducting substrate, and it was electrically connected to
backside ground plane through the via holes [5, 7].Therefore,
the PGS serves as ground plane with backside ground plane.
As is well known, conventional meander line has only a
periodical capacitance between line and backside ground
plane, while the MLEPGS has additional periodic capaci-
tance due to a coupling between meander line and PGS.
Therefore, capacitance of the MLEPGS was much larger than
conventional meander line and exhibited wavelength (𝜆

𝑔
)

much shorter than conventional meander line, because 𝜆
𝑔
is

inversely proportional to the periodical capacitance; in other
words, 𝜆

𝑔
= 1/[𝑓(𝐿𝐶)0.5] [5]. TheMLEPGS and conventional

meander line without PGS were fabricated on GaAs substrate
with a height of 100𝜇m. For the MLEPGS, the width of PGS
pattern 𝑇, line width𝑊, and the distance 𝑆 between lines are
all 20𝜇m [5]. For the conventional meander line, line width
𝑊 and the distance 𝑆 between lines are all 20 𝜇m. The total
line width𝑊

𝑡
for all structure is 140𝜇m [5].

3. Basic RF Characteristic of
the MLEPGS on MMIC

3.1.Wavelength and Characteristic Impedance of theMLEPGS.
In this work, we compared the wavelengths of the MLEPGS
with conventional meander line.The wavelength was defined
as the length 𝐿 of the MLEPGS and conventional meander
line with a phase change of 360∘. According to our previous
study, the MLEPGS showed the wavelength being much
shorter than conventional meander line. Concretely, the
wavelength of the MLEPGS with 𝑇 of 20𝜇m was 1.19mm at
5GHz, which is 16% of the conventional meander line [5].
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Figure 2: Characteristic impedance of the MLEPGS according to
variation of width of 𝑇.

Figure 1 shows the wavelength of the MLEPGS with various
widths of PGS,𝑇. As shown in this figure, in a range of𝑇 from
5 to 20𝜇m, as the value of 𝑇 increases, wavelength decreases,
because an increase of 𝑇 leads to an increase of capacitance
𝐶
𝑏
.
We can see that an increase of the𝑇 results in an enhance-

ment of periodic shunt capacitance 𝐶
𝑏
due to an increase

of capacitive area. Therefore, the characteristic impedance
𝑍
0
of the MLEPGS can be easily controlled by changing

the 𝑇, because 𝑍
0
depends on a periodic capacitance of

transmission line as shown in

𝑍
0
= √

𝐿

𝐶
. (1)

Dependence of 𝑍
0
on 𝑇 is shown in Figure 2. Above

results indicate that miniaturized RF components with var-
ious impedance can be realized by using the MLEPGS.
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Figure 3: (a) Measured equivalent periodic capacitance of the MLEPGS with 𝑇 of 20 𝜇m and conventional meander line and (b) equivalent
periodic capacitance of the MLEPGS with various 𝑇.

3.2. Periodic Capacitance of the MLEPGS. As is well known,
basic RF parameters of microwave transmission line are
expressed by a periodic capacitance and inductance of
LC equivalent circuit [9, 10]. Therefore, we extracted the
equivalent periodic capacitance from the MLEPGS and the
conventional meander line. For a low loss transmission line,
the propagation constant 𝛽 and is given by [10]

𝛽 ≈ 𝜔√𝐿𝐶. (2)

Using (1) and (2), we can obtain the following result:

𝐶 =
𝐿

𝑍2
0

=
𝛽

𝜔𝑍
0

=
1

𝜔𝑍
0

⋅
2𝜋

𝜆
. (3)

Figures 3(a) and 3(b) show the equivalent periodic
capacitance of the MLEPGS and conventional meander line
on GaAs substrate. As shown in this figure, the MLEPGS
shows capacitance much higher than conventional meander
line. Concretely, the MLEPGS with 𝑇 of 20𝜇m shows the
capacitance value of 16.61∼16.76 pF/mm from 1 to 20GHz,
while the conventional meander line shows the capacitance
value of 0.53∼0.55 pF/mm in the same frequency range. As
shown in Figure 3(b), as the value of 𝑇 increases, periodic
capacitance increases, because an increase of 𝑇 leads to an
increase of capacitive area.

3.3. Loss Characteristic of the MLEPGS. In this work, we
extracted attenuation constant 𝛼 from the insertion loss data

using transmission line theory. The electromagnetic wave on
transmission line can be expressed as follow:

𝐸 = 𝐸
0
𝑒
−(𝛼+𝑗𝛽)𝑧

, (4a)

𝐻 = 𝐻
0
𝑒
−(𝛼+𝑗𝛽)𝑧

, (4b)

where 𝛼 and 𝛽 are attenuation and propagation constant,
respectively. If the electromagnetic wave propagates on a line
with a length 𝐿, the insertion loss 𝑆

21
can be given by

𝑆
21
(dB) = 10 log 𝑒

−𝛼𝐿

2
𝑒
−𝑗𝛽𝐿

2

= 10 log 𝑒
−𝛼𝐿

2

(

𝑒
−𝑗𝛽𝐿

2

= 1) .

(5)

From the above equation, we can obtain the following
attenuation constant:

𝛼 =
−0.5 ln [100.1×𝑆21(𝑑𝐵)]

𝐿
(Np/mm) . (6)

Figure 4 shows measured attenuation constant 𝛼 of the
MLEPGS. As shown in this figure, we can observe the
attenuation constant lower than 0.95 dB up to 20GHz. In
this work, we also compared the loss of the MLEPGS with
the conventional meander line. For a fair loss comparison,
the loss of the MLEPGS and conventional meander line
with same electrical length should be compared with each
other, because the MLEPGS shows wavelength much shorter
than conventional meander line. Therefore, the losses of the
MLEPGS and conventional meander line with a length of 𝜆/8



4 International Journal of Antennas and Propagation

0

0.3

0.6

0.9

1.2

At
te

nu
at

io
n 

co
ns

ta
nt

 a
 (N

P/
m

m
)

0
Frequency (GHz)

5 10 15 20

MLEPGS,  T = 5𝜇m
MLEPGS,  T = 10𝜇m
MLEPGS,  T = 20𝜇m

A cross-sectional view of
X-X direction

SiN CbCb Cb

PGS CaT

GaAs sub.

Via-hole

Backside GND metal

Figure 4: Measured attenuation constant of the MLEPGS.

Table 1: Insertion losses of theMLEPGS and conventional meander
line with a length of 𝜆/8.

Frequency (GHz)
5 10 15 20

MLEPGS 0.58 dB 0.72 dB 0.54 dB 0.72 dB
Conventional meander line 0.33 dB 0.31 dB 0.35 dB 0.34 dB

were compared with each other, and the results are shown
in Table 1. As shown in this table, the MLEPGS shows loss
slightly higher than conventional meander line. Concretely,
the loss of the MLEPGS with a length of 𝜆/8 is less than
0.72 dB up to 20GHz. In spite of higher loss, the MLEPGS
is preferable to the conventional meander, because a size
reduction of RF front ends is a key factor for low cost and a
little higher loss can be easily compensated by increasing the
gain of amplifier.

3.4. Propagation Constant and Effective Permittivity of the
MLEPGS. Figure 5 shows propagation constant 𝛽 of the
MLEPGS and conventional meander line on GaAs substrate.
As shown in this figure, the MLEPGS shows propagation
constant 𝛽 much higher than conventional meander line.
Concretely, the MLEPGS with 𝑇 of 20𝜇m shows 𝛽 of 1.08∼
20.85 rad/mm from 1 to 20GHz, while the conventional
meander line shows 𝛽 of 0.18∼3.36 rad/mm in the same
frequency range. From (2), we can see that the higher periodic
capacitance is, the higher 𝛽 is. Therefore, the higher 𝛽 of
theMLEPGS originates from the higher periodic capacitance
of the MLEPGS. As shown in this figure, as the value of
𝑇 increases, 𝛽 increases, because an increase of 𝑇 leads to
an increase of periodic capacitance as shown in Figure 3.
Above results indicate that a very slow wave exists on the
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Figure 6: Measured effective permittivity of the MLEPGS.

MLEPGS due to its periodic structure, which is favorable for
miniaturization of RF components.

Figure 6 shows effective permittivity 𝜀eff of the MLEPGS
and conventional meander line on GaAs substrate. The 𝜀eff
was extracted using the following equation:

𝜀eff = (
2𝜋

𝜔𝜆
⋅

1

√𝜀0𝜇0

)

2

, (7)

where 𝜔, 𝜆, 𝜀
0
, and 𝜇

0
are angular frequency, wavelength,

permittivity, and permeability of air, respectively. As shown in
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d

Figure 7: Equivalent circuit of theMPGS structurewith periodically
loaded capacitor 𝐶

𝑏
.

this figure, theMLEPGS showsmuch higher effective permit-
tivity than conventional meander. Concretely, the MLEPGS
shows 𝜀eff of 2,703∼2,479 from 1 to 20GHz, while the
conventionalmeander line shows 𝜀eff of 74.2∼64.7 in the same
frequency range. The higher 𝜀eff of the MLEPGS originates
from the higher periodic capacitance of the MLEPGS, which
can be explained by the following equations.The propagation
constant 𝛽 for nonmagnetic substrate is given by

𝛽 ≈ 𝜔√𝐿𝐶 = 𝜔√𝜇0𝜀0𝜀eff. (8)

The above equation leads to the following result:

𝜀eff =
√𝐿𝐶

𝜇
0
𝜀
0

. (9)

From the above result, we can see that the higher periodic
capacitance is, the higher 𝜀eff is. As shown in Figure 1, an
increase of effective permittivity of theMLEPGS resulted in a
reduction of wavelength. As shown in this figure, as the value
of 𝑇 increases, 𝜀eff increases, because an increase of 𝑇 leads
to an increase of periodic capacitance as shown in Figure 3.

3.5. Bandwidth Characteristic of the MLEPGS. In this work,
bandwidth characteristic of the MLEPGS was thoroughly
investigated. The MLEPGS structure can be expressed as
the periodically loaded line shown in Figure 7, and 𝐶

𝑏
is

the periodical capacitance between meander line and PGS.
Although the MLEPGS has 𝐶

𝑎
as well as 𝐶

𝑏
, the periodic

capacitance 𝐶
𝑎
is innately included in the line itself. The

periodical susceptance 𝑗𝑏 is given by

𝑗𝑏 =
𝑗𝜔𝐶
𝑏

𝑌
0

= 𝑗𝜔𝐶
𝑏
𝑍
0
,

𝑏 = 𝜔𝐶
𝑏
𝑍
0
.

(10)

From the structure of MLEPGS, 𝐶
𝑏
and 𝑑 can be

expressed as follows:

𝑑 =
𝑆

2
+𝑊 +

𝑆

2
= 𝑆 +𝑊,

𝐶
𝑏
= 𝐶


𝑏
+ 𝐶
𝑓
,

𝐶


𝑏
= 𝜀SiN ⋅

𝑆

𝑑SiN
= 𝜀SiN ⋅

𝑊 × 𝑇

𝑑SiN
,

𝐶
𝑓
= 𝜀SiN ⋅

Δ𝑊 × 𝑇

𝑑SiN
,

(11)

2nd passband

1st stopband

1st passband

𝛽d

kd = 𝜔√𝜇𝜀d

Figure 8: 𝑘-𝛽 graph of passband and stopband.

where 𝜀SiN, 𝑑SiN are the permittivity and thickness of the SiN
film, and𝑊 and 𝑆 are the width of meander line and spacing
between lines. The thickness of the SiN film is 100 nm. In
the above equations, we considered the fringing capacitance
(𝐶
𝑓
) for an accurate calculation, and effective width Δ𝑊 for

the fringing field was obtained from well-known frequency-
dependent equations [10] of meander line, and they were
properly modified for application to the MLEPGS structure.
TheMLEPGSwas theoretically characterized using the above
equations and a conventional capacitive loaded periodic
structure [8]. According to the result, the equations of
passband and stopband can be expressed as follow:

cos𝛽𝑑 = cos 𝑘𝑑 − 𝑋𝑘𝑑 sin 𝑘𝑑,

𝑋 = (
𝐶
𝑏
𝑍
0

2√𝜀𝑒√𝜇0𝜀0𝑑
) ,

cos𝛼𝑑 = |cos 𝑘𝑑 − 𝑋𝑘𝑑 sin 𝑘𝑑| ≥ 1,

(12)

where 𝜀
𝑒
is the effective permittivity of the conventional

meander line on GaAs substrate.
Using (12), we can obtain the bandwidth of the passband

and stopband from the 𝛽𝑑 − 𝑘𝑑 graph of Figure 8. In
Table 2, the first passband corresponds to practical band-
width. As shown in Table 2, the bandwidths for the passband
and stopband are decreased with an increase of 𝑇, which is
natural result because an increase of 𝑇 caused an increase of
𝐶
𝑏
. As shown in the table, the bandwidth of the MLEPGS is

wider than 51GHz, which means that the MLEPGS can be
used as an RF transmission line up to 51 GHz.

4. Conclusions

In this work, the MLEPGS was fabricated on GaAs substrate
for application to miniaturization of RF components on
MMIC, and its RF characteristics were thoroughly investi-
gated. According tomeasured results, theMLEPGS exhibited
the wavelength much shorter than conventional meander
line. Concretely, the wavelength of the MLEPGS with 𝑇

of 20𝜇m was 1.19mm at 5GHz, which was 16% of the
conventional meander line. The characteristic impedance 𝑍

0

of the MLEPGS could be easily controlled by only changing
the width of PGS, which indicates that miniaturized RF
components with various impedance can be realized by using
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Table 2: Passband and Stopband of The MLEPGS.

𝑇 (𝜇m) 𝐶 (pF) 1st passband (GHz) 1st stopband (GHz) 2nd passband (GHz)

5 0.289 𝑓 ≤ 78.85

BW = 78.85 78.85∼460.01 460.01∼471.69
BW = 11.68

10 0.394 𝑓 ≤ 67.18

BW = 67.18 67.18∼460.01 460.01∼464.39
BW = 4.38

20 0.668 𝑓 ≤ 51.11

BW = 51.11 51.11∼460.01 460.01∼464.39
BW = 4.38

the MLEPGS. The MLEPGS with a length of 𝜆/8 showed
loss less than 0.72 dB up to 20GHz, which was low enough
for application to RF passive components. The MLEPGS
showed propagation constant 𝛽 and effective permittivity 𝜀eff
much higher than conventionalmeander line. Concretely, the
MLEPGS with 𝑇 of 20𝜇m showed 𝛽 of 1.08∼20.85 rad/mm
and 𝜀eff of 2703∼2479 from 1 to 20GHz, while the conven-
tional meander line showed 𝛽 of 0.18∼3.36 rad/mm and 𝜀eff
of 74.2∼64.7 in the same frequency range. The above results
indicate that a very slowwave exists on theMLEPGSdue to its
periodic structure, which is favorable for miniaturization of
RF components. In addition, we also extracted the bandwidth
of the MLEPGS from the 𝛽𝑑 − 𝑘𝑑 graph. According to
the results, the bandwidth of the MLEPGS is wider than
51GHz, which means that the MLEPGS can be used as an
RF transmission line up to 51 GHz.The above results indicate
that the MLEPGS is a promising candidate for application to
miniaturization of RF passive components onMMIC up to U
band.
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