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A thin-film transmission line (TFTL) employing a microstrip line/coplanar waveguide (ML/CPW) was fabricated on
a silicon substrate for application to a miniaturized on-chip RF component, and the RF characteristics of the device
with the proposed structure were investigated. The TFTL employing a ML/CPW composite structure exhibited a
shorter wavelength than that of a conventional coplanar waveguide and that of a thin-film microstrip line. When
the TFTL with the proposed structure was fabricated to have a length of 1/8, it showed a loss of less than 1.12 dB
at up to 30 GHz. The improvement in the periodic capacitance of the TFTL caused for the propagation constant,
B, and the effective permittivity, &.4 to have values higher than those of a device with only a conventional coplanar
waveguide and a thin film microstrip line. The TFTL with the proposed structure showed a p of 0.53~2.96 rad/mm and
an g.; of 22.3~25.3 when operating from 5 to 30 GHz. A highly miniaturized impedance transformer was fabricated
on a silicon substrate using the proposed TFTL for application to a low-impedance transformation for broadband.
The size of the impedance transformer was 0.01 mmz2, which is only 1.04% of the size of a transformer fabricated
using a conventional coplanar waveguide on a silicon substrate. The impedance transformer showed excellent RF
performance for broadband.

Keywords: Thin-film transmission line, Microstrip line/coplanar waveguide (ML/CPW) composite structure,
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1. INTRODUCTION

Recently, wireless communication system have come to de-
mand the development of a communication systems that have
alow-cost and are compact in size [1-8]. However, conventional
passive RF components have been fabricated outside of the
RFIC due to their bulky size. Therefore, the miniaturization of
passive components is a critical issue for wireless communica-
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tion systems. Thin-film transmission lines have been proposed
in order to reduce the size of the circuitry on a semiconducting
substrate [9-13], and according to our previous report [11], a
thin-film transmission line (TFTL) employing a microstrip line/
coplanar waveguide (ML/CPW) composite structure showed
a shorter wavelength than that showed by conventional thin
film transmission lines. The basic characteristics of the TFTL
with the composite structure should be thoroughly explored in
order to apply it to various RF components on a semiconduct-
ing substrate. However, an extensive study of the basic charac-
teristics of the TFTL employing an ML/CPW has not yet been
performed.

In this work, we use a theoretical and an experimental analysis
to investigate the basic characteristics of the TFTL employing a
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ML/CPW composite structure for application to the miniaturiza-
tion of passive RF components in a radio frequency integrated
circuit (RFIC). The results indicate that the TFTL with a ML/CPW
composite structure presented a shorter wavelength than that of
conventional transmission lines, which therefore enables the re-
alization of highly miniaturized passive on-chip components for
RFIC. The TFTL with a ML/CPW composite structure was used to
achieve a highly miniaturized impedance transformer fabricated
on silicon substrate. The size of the impedance transformer was
of 0.01 mm?, which is 1.04% of the size of a transformer fabri-
cated using a conventional coplanar waveguide on a silicon sub-
strate.

2. STRUCTURE OF THE THIN-FILM
TRANSMISSION LINE (TFTL) EMPLOYING
MICROSTRIP LINE/COPLANAR WAVEGUIDE
(ML/CPW) COMPOSITE STRUCTURE

Figure 1 shows the structure of a conventional transmission
lines and of a thin-film microstrip line [9,10]. As shown in Fig
1(c), for the thin-film microstrip line, the second ground plane
is placed on the silicon substrate, and a SiO, thin-film exists
between the second ground and the signal line on the top layer.
Compared to a conventional microstrip line without a second
ground plane and a coplanar waveguide, the thin-film microstrip
line has a high periodic coupling capacitance, C,, due to a tight
coupling between the signal line and the second ground plane.
Therefore, the thin-film microstrip line showed a much shorter
wavelength than that of a conventional microstrip line and a
coplanar waveguide because the wavelength is inversely propor-
tional to the periodic capacitance of the transmission line as fol-
lows:

1

In this work, we propose the use of a thin-film transmission
line (TFTL) that further reduces the wavelength by employing
a microstrip line/coplanar waveguide (ML/CPW) composite
structure, as shown in Fig. 2. As can be seen in this figure, the
second ground plane is placed on the silicon substrate, and
a SiO, thin-film exists between the second ground and the
signal line on the top layer. In addition, the ground planes are
placed on both sides of the signal line, which were connected
to the second ground plane through the contacts. When com-
pared to a thin-film microstrip line, the proposed structure
has an additional capacitance, C,, due to a coupling between
the signal line and the top layer ground planes, and the total
periodic shunt capacitance of C, + C, further reduces the
wavelength.

3. PERIODIC CAPACITANCE OF THE TFTL
EMPLOYING ML/CPW COMPOSITE
STRUCTURE

Basic RF parameters of microwave transmission lines are well
known to be expressed by a periodic capacitance and an induc-
tance of an equivalent LC circuit [14]. Therefore, we extracted
the equivalent periodic capacitance from the TFTL by employing
a ML/CPW structure and the conventional meander line. For a
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Fig. 1. Structure of a conventional transmission line: (a) microstrip
line, (b) coplanar waveguide, and (c) thin-film microstrip line.
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Fig. 2. The thin-film transmission line (TFTL) employing a microstrip
line/coplanar waveguide (ML/CPW) composite structure.
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Fig. 3. Measured equivalent periodic capacitance per unit length for
various transmission lines on a silicon substrate.

low-loss transmission line, the propagation constant, p, and the
characteristic impedance, Z,, are given as [14]

B~aNLC @

C

Using the above equations, we can obtain the following result.

L p 1 2z
C=—=+L - == 4
02 wZ, @

Figure 3 shows the equivalent periodic capacitance of the
various transmission lines on the silicon substrate. The TFTL
employing the ML/CPW composite structure was fabricated
on a silicon substrate at a height of 600 ym, and the SiO, thin-
film has a thickness of 1 pym. The signal line width is 20 ym, and
the distance between the signal line and the ground plane is 20
pm. As shown in this figure, the TFTL with a ML/CPW compos-
ite structure presents a much higher capacitance than that of
a conventional coplanar waveguide and a thin-film microstrip
line. Concretely, the proposed composite structure shows a ca-
pacitance value of 0.88~0.93 pF/mm from 5 to 30 GHz, while a
conventional coplanar waveguide and thin-film microstrip line
show a capacitance value of 0.13~0.17 and 0.34~0.36 pF/mm, re-
spectively, for the same frequency range.

4. RF CHARACTERISTICS OF THE TFTL
EMPLOYING ML/CPW COMPOSITE
STRUCTURE

Figure 4 shows the wavelengths for various transmission lines.
The TFTL employing a ML/CPW composite structure was fabri-
cated on a silicon substrate at a height of 600 pm, and the SiO,
thin-film had a thickness of 1 pm. The signal line width is 20 pm,
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Fig. 4. Measured wavelength of various transmission lines on silicon
substrate.

Table 1. Measured insertion loss of conventional coplanar waveguide
and of the TFTL employing a ML/CPW composite structure on a sili-
con substrate with a length of 1/8.

Items 15 GHz 20 GHz 25 GHz 30 GHz
Conventional
v 1.34dB 1.27dB 1.27dB 1.08 dB
CPW
TFTL
1.12dB 0.92 dB 0.75dB 0.65dB
ML/CPW

and the distance between the signal line and the ground plane
is of 20 pm. When compared to a conventional coplanar wave-
guide and a thin-film microstrip line, the proposed composite
structure shows a shorter wavelength due to its higher periodic
capacitance. Specifically, at 10 GHz, the wavelengths for the
conventional coplanar waveguide and of the thin film waveguide
are 10.35 and 7.83 mm, respectively, while the wavelength of the
TFTL with a ML/CPW composite structure is 6.26 mm, which is
60.5% that of a conventional coplanar waveguide.

In this work, we have compared the loss of the proposed com-
posite structure with that of a conventional coplanar waveguide.
To provide a fair comparison of the loss, the loss of the proposed
composite structure and that of the conventional coplanar wave-
guide of the same electrical length should be compared to each
other because the proposed composite structure shows a much
shorter wavelength than that of the conventional coplanar wave-
guide. Therefore, the loss of the proposed composite structure
and that of the conventional coplanar waveguide with a length
of A/8 were compared to each other, and the results are shown in
Table. 1. As shown in this table, the TFTL employing the ML/CPW
composite structure presented less loss than the conventional
coplanar waveguide. The lower level of loss of the proposed
composite structure originates from the tight coupling between
the signal line and the second ground plane. In the case of a con-
ventional coplanar waveguide on a silicon substrate, some of the
RF current flows from the signal line to top layer ground plane
through the silicon substrate due to a relatively high conductiv-
ity of the silicon substrate, which causes a relatively high loss of
electromagnetic energy [15]. In the case of the proposed com-
posite structure, however, there is no RF current flowing from the
signal line to the top layer ground plane due to the presence of
the SiO, insulation film, and most of the electromagnetic energy
exists between the signal line and second ground plane due to
the tight coupling, which prevents the loss of electromagnetic
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energy.

Figure 5 shows the propagation constant, B, of the various
transmission lines on the silicon substrate. As shown in this
figure, the TFTL employing the ML/CPW composite structure
shows a much higher p than a conventional coplanar waveguide
and a thin-film microstrip line. Specifically, the proposed com-
posite structure shows a f of 0.53~2.96 rad/mm from 5 to 30 GHz,
while the coplanar waveguide and thin-film microstrip line show
a p of 0.33~1.57 rad/mm and 0.4~2.27 rad/mm, respectively, for
the same frequency range. Eq. (2) shows that the higher periodic
capacitance is an indication of a higher p. Therefore, the higher p
of the proposed composite structure originates from the higher
periodic capacitance.

Figure 6 shows the effective permittivity, €., of the various
transmission lines on a silicon substrate. The ¢, was extracted
using the following equation

2
2 1
Eop = [mz ] )
80#0

where, o, A, &, and |, are the angular frequency, wavelength,
and permittivity and permeability of air, respectively. As shown
in this figure, the TFTL with a ML/CPW composite structure
shows an effective permittivity that is much higher than that of
conventional transmission lines. Specifically, the TFTL with the
composite structure shows an g, of 22.3~25.3 from 5 to 30 GHz
while the conventional coplanar waveguide and the thin-film
microstrip line shows an ¢, of 6.28~9.87 and 13.0~14.6, respec-
tively, over the same frequency range. The higher ¢ of the pro-
posed composite structure originates from the higher periodic
capacitance, which can be explained through the following equa-
tions in which the propagation constant, B, for a non-magnetic
substrate is given by

BroNLC = o u8,, (6)

The above equation leads to the following result

o = NLC @
7 Ho&y

where we can see that a higher periodic capacitance indi-
cates a higher €. As shown in Fig. 4, an increase in the effective
permittivity of the proposed composite structure resulted in a
reduction of the wavelength, and the above results indicate that
the TFTL with a ML/CPW composite structure is favorable for
use in the miniaturization of RF components.

5. A HIGHLY MINIATURIZED THIN FILM
IMPEDANCE TRANSFORMER EMPLOYING
ML/CPW COMPOSITE STRUCTURE

We used the TFTL with a ML/CPW composite structure to
fabricate a highly miniaturized impedance transformer on a
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Fig. 5. Measured propagation constant of various transmission lines
on a silicon substrate.
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Fig. 6. Measured effective permittivity of various transmission lines
on asilicon substrate.
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Fig. 7. A photograph of the miniaturized thin film impedance trans-
former employing an ML/CPW composite structure.

Table 2. Size of the A/4 impedance transformer employing the ML/
CPW composite structure and of a conventional coplanar waveguide
on a silicon substrate.

Signal line Length

It Si y
ems Width (mm) (mm) ize (mm’)
Conventional
1 0.96 0.96
CPW
TFTL
0.02 0.5 0.01
ML/CPW

silicon substrate. The structure and the fabrication process for
the impedance transformer in Fig. 7 are the same as those of the
thin-film transmission line seen in Fig. 2. In other words, the SiO,
was deposited over the second ground plane, and the line and
ground metal were placed on the top layer. The top layer ground
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Fig. 8. Measured RF characteristics of the thin film impedance trans-
former employing a ML/CPW composite structure.

plane was connected to the second ground plane through the
contact.

Figure7 shows a photograph of the impedance transformer.
The characteristic impedance, Z,, of the transformer was ob-
tained using the equation Z, = (Z.,-Z.,)0.5 [14], where Zcl and
Z, are the source and load impedances, respectively. For the
impedance transformer, Z, and Z, are 12 Q and 27 Q, respec-
tively, and the characteristic impedance Z, is 18 Q. The size of the
proposed impedance transformers is summarized in Table 2. For
comparison, the size of the impedance transformers employing
a conventional coplanar waveguide was also listed on this table.
As shown in this table, the thin film impedance transformer em-
ploying the ML/CPW composite structure shows a much smaller
size than that of a conventional one. Specifically, the size of the
impedance transformer was 0.01 mm?, which is 1.04% that of a
transformer fabricated using a conventional coplanar waveguide
on a silicon substrate.

Figure 8 shows the measured return loss, S;;, and the inser-
tion loss, S,;, of the impedance transformer. In this figure, we can
observe for the impedance transformer to have an excellent RF
performance. Specifically, it has a return loss and insertion loss
of -31 dB and -1.2 dB, respectively, at a center frequency of 31.6
GHz, and we can observe the return loss values to be better than
-10 dB from 18 to 41 GHz with insertion loss values of -1.7 + 0.4
dB.

6. CONCLUSIONS

In this work, we fabricated a TFTL (thin-film transmission
line) employing a ML/CPW composite structure on a silicon
substrate, and we thoroughly investigated its RF characteristics.
The measured results indicated that the TFTL the proposed
structure showed a periodic capacitance value higher than that
of a conventional coplanar waveguide and a thin film microstrip
line. Specifically, the TFTL with the proposed structure showed
a capacitance of 0.88~0.93 pF/mm from 5 to 30 GHz while the
conventional coplanar waveguide and thin-film microstrip line
showed capacitances of 0.13~0.17 and 0.34~0.36 pF/mm, respec-
tively, over the same frequency range.

The improvement of the periodic capacitance of the TFTL with
the proposed structure exhibited a shorter wavelength than that
of a conventional coplanar waveguide and a thin-film microstrip
line. Specifically, the wavelength of the TFTL with the proposed
structure was of 6.26 mm at 10 GHz while those of the conven-
tional coplanar waveguide and thin-film microstrip line were
10.35 and 7.83 mm, respectively, over the same frequency.

The TFTL with the ML/CPW composite structure at a length
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of 1/8 showed a loss of less than 1.12 dB at up to 30 GHz, which
was lower than that of a conventional coplanar waveguide. The
improvement in the periodic capacitance allowed for the TFTL
employing the ML/CPW composite structure to show a value
in the propagation constant higher than that of a conventional
coplanar waveguide and a thin film microstrip line. Specifically,
the TFTL with the ML/CPW composite structure showed a
of 0.53~2.96 rad/mm from 5 to 30 GHz while the conventional
coplanar waveguide and thin-film microstrip line showed a p of
0.33~1.57 rad/mm and 0.4~2.27 rad/mm, respectively, over the
same frequency range.

In addition, the TFTL with the ML/CPW composite struc-
ture showed an effective permittivity, &, that was higher than
that of a conventional coplanar waveguide and a thin-film
microstrip line. The TFTL with the proposed structure showed
an g of 22.3~25.3 from 5 to 30 GHz while the conventional co-
planar waveguide and thin-film microstrip line showed an ¢ of
6.28~9.87 and 13.0~14.6, respectively, over the same frequency
range.

We used the TFTL employing an ML/CPW composite structure
to fabricate a highly miniaturized impedance transformer on a
silicon substrate. The size of the impedance transformer was of
0.01 mm?, which was only 1.04% of the size of the transformer
fabricated using a conventional coplanar waveguide on a sili-
con substrate. For a broadband application, we could observe
an excellent RF performance from the impedance transformer.
The return loss and the insertion loss were of -31 dB and -1.2
dB, respectively, at a center frequency of 31.6 GHz, and we could
observe return loss values better than -10 dB from 18 to 41 GHz
and insertion loss values of -1.7 + 0.4 dB in the above frequency
range.
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