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Nomenclature

Capacitance

Capacitance between the line and GND

Additional capacitance between line and second ground

Capacitance between second ground and Silicon substrate

Length of per unit cell
Frequency

Inductance

Inductance of the line
Inductance of second ground
Resistance of second ground
Characteristic impedance
Propagation constant
Effective permittivity

Space permittivity
Guided-wavelength

Space magnetic permeability

Angular frequency
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Nomenclature

CPW . Coplanar waveguide

DGS :  Defected Ground Structure

IC . Integrated Circuit

ML . Microstrip line

PBG :  Photonic Band Gap

PGS ¢ Periodic Ground Structure

RFIC . Radio Frequency Integrated Circuit

SoC . System on Chip



A Study on Thin-Film ML/CPW Transmission Line in
Composite Structure for RFIC
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Korea Maritime and Ocean University

Abstract

In this thesis, a transmission line with thin-film microstrip line/coplanar
waveguide (ML/CPW) on silicon substrate was proposed, and the RF
characteristics were thoroughly investigated. The transmission line with
thin—film ML/CPW composite structure exhibited the wavelength shorter
than conventional coplanar waveguide or thin-film microstrip line. The
transmission line with thin—-film ML/CPW composite structure with the
length of A/8 showed the loss less than 1.43 dB up to 30 GHz, which
was lower than that of a conventional coplanar waveguide or that of a
thin—-film microstrip line. Due to enhancement of periodic capacitance,
the transmission line with thin-film ML/CPW composite structure showed
propagation constant and effective permittivity higher than those of

conventional coplanar waveguide or thin—film microstrip line.
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As the bandwidth extraction result, the bandwidth of the transmission
line with thin—-film ML/CPW composite structure was more wider than
377 GHz. For application to the design of RF passive components, In
addition, the equivalent circuit of the transmission line with thin—film
ML/CPW composite structure should be extracted for the theoretical
analysis. The wused closed form equation were proposed for the
equivalent circuit parameters.

By using the transmission line with thin—-film ML/CPW composite
structure, in addition, a highly miniaturized impedance transformer was
fabricated on silicon substrate. The size of the impedance transformer
was 0.1 X 0.1 mm® which was 1.04 % of the size of the transformer
fabricated by a conventional coplanar waveguide on silicon substrate.
The impedance transformer showed the excellent RF characteristic over
broad bandwidth. The above results indicates that the transmission line
with thin—film ML/CPW composite structure is a promising candidate for

miniaturized RF component on silicon RFIC.
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Fig. 2 The transmission line with thin—film microstrip line/coplanar waveguide(ML/CPW)

composite structure.
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Freq.
15 [GHz] 20 [GHz] 25 [GHz] 30 [GHz]
Structure
Conv.CPW 1.34 [dB] 1.27 [dB] 1.17 [dB] 1.08 [dB]
Thin-film
1.12 [dB] 0.92 [dB] 0.75[dB] 0.65 [dB]
ML/CPW
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Table 3 Size of the A4 impedance transformer with thin-film ML/CPW composite

structure and conventional coplanar waveguide on silicon substrate.
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