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Abstract: In this paper dispersion characteristics, dielectric and conductor loss of microstrip line on thin film cyclic-olefin
copolymer dielectric substrate for integrated circuits at sub-terahertz frequency are presented. The static spectral domain
analysis method is used to compute the conductor thickness dependent line capacitance of microstrip line on thin film dielectric
substrate. The characteristic impedance and effective relative permittivity of microstrip line are computed using line capacitance.
The frequency dependent characteristic impedance and effective relative permittivity are calculated using dispersion relation.
The frequency dependent dielectric loss and conductor loss are computed from the transmission line lumped parameters.
Keywords: Thin Film Microstrip Line, Dispersion, Dielectric Loss, Conductor Loss, Transmission line Lumped Parameters, Sub-
Terahertz Frequency.

L. INTRODUCTION
There has been a growing interest in diverse arrangements of microstrip line in sub-terahertz and terahertz frequency region. Due to
highly compact size in microwave integrated circuits (MICs) and monolithic MICs at terahertz frequency, microstrip line grown on
thin film dielectric substrate are widely used. At sub-terahertz frequency, both the dielectric loss and conductor loss are very high for
conventional microstrip line structures. Therefore, to decrease the loss and dispersion, the microstrip line are fabricated on thin film
dielectric substrate with smaller relative permittivity. The thin film microstrip line are miniaturized transmission line and have many
advantages [1-5].
The thin film microstrip line are fabricated on low resistivity semiconductor substrate such as silicon (Si), silicon dioxide (SiO-) or
gallium-arsenide (GaAs) substrate. The dielectric substrate such as benzo-cyclobutene (BCB), cyclic-olefin copolymer (COC) and
polyimide materials are used as thin film dielectric substrate. These dielectric materials have relative permittivity of 2.3 to 3.5. The
thickness of thin film dielectric materials is in the range of 1.5um to 25um. The conductor thickness of microstrip line is 0.1um to
3um. Due to miniaturized size, the frequency range of quasi-TEM mode of operation extends up-to terahertz frequency region. This
provides an extremely wide single mode of operation [1-9]. The conductor loss also increases due to decrease in conductor
thickness. The thin film microstrip lines have very low or negligible dispersion properties in sub-terahertz and terahertz frequency
region. Thin film microstrip line can be designed for broader impedance range but they are used for low power systems due to
reduced size. The thin film microstrip line have high impedance (50 ohm - 140 ohm). The main disadvantage of these lines is high
impedance. Due to thin film of dielectric substrate and small loss tangent, the dielectric loss is very less compared to conductor loss
[1]. The loss analysis of microstrip line on thin film substrate is an important parameter because the performance of a component
and circuits depends on the power dissipation and power handling capability [10, 11].
This paper presents analysis of microstrip line on thin film dielectric substrate. For this, the static spectral domain analysis method is
used to compute capacitance per unit length of microstrip line. The static effective relative permittivity and impedance of microstrip
line are computed from capacitance of the line. The dispersion characteristics i.e., frequency dependent effective relative
permittivity and impedance are calculated by using Kirschning and Jansen dispersion model. The dielectric loss and conductor loss
are computed from the equivalent distributed parameters of transmission line. In section-11, formulation of Spectral Domain
Analysis (SDA) method for microstrip line is discussed. The dispersion formula for microstrip line, formulation to computation the
resistance and conductance of microstrip line are given in section-11l. The calculated numerical results for impedance, effective
dielectric constant, dielectric loss and conductor loss are discussed in section-1V.
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1. QUASI-STATIC ANALYSIS OF MICROSTRIP LINE

The conventional microstrip line consist of strip conductor on conductor backed dielectric substrate. The cross-section view of
shielded microstrip line is shown in Figure 1. The width of microstrip line and thickness are ‘S’ and ‘t’ respectively. The thickness
and relative permittivity of dielectric substrate are ‘H’ and ‘g,” respectively.

The static spectral domain analysis (SDA) method is used to compute the capacitance per unit length of microstrip line. The
impedance and effective relative permittivity are computed from the line capacitance. For finite conductor thickness, the Green’s
function in Fourier domain for microstrip line structure have been modified [12-14]. The finite thickness of microstrip line is
modeled as two-layer strip conductor. The potential on the microstrip line is equal to the product of modified Green’s function and
charge distribution present on strip. The unknown constants of assumed charge distribution on upper and lower strip conductor can
be found from Galerkin’s method [12-14].

Fig.1 Microstrip Line
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The following charge distribution is assumed on strip conductor [12].
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where G(p,) is Fourier transform of modified Green’s function and p, is Fourier transform of charge distribution present on

microstrip line conductor. Q is total charge present on microstrip line. Velocity of light is ‘c’. Cq and Cair are capacitance on
dielectric substrate and air substrate respectively.

1. DISPERSION, DIELECTRIC LOSS AND CONDUCTOR LOSS COMPUTATION
Different dispersion models are available to compute frequency dependent effective relative permittivity and impedance. The
Kirschning and Jansen Dispersion model is used to compute frequency dependent effective relative permittivity of microstrip line
[11].
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The distributed transmission line parameters are used to compute dielectric loss and conductor loss. The dielectric loss is computed
from distributed conductance (G) and the relation is given by [1].
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Conductor loss is due to finite conductivity of the microstrip line. The conductor loss is computed from the total distributed
resistance (R;) and the relation is given by [1]. The total ohmic resistance (Ry) is equal to sum of dc resistance (Rqc) and ac resistance
(Rac).

R

a. = i (7&)
RgctRqc

, = Mdcttoc (7b)

The dc and ac resistance of microstrip line is related to conductivity (o) and cross section dimension of microstrip line by the
following relation [1].
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V. NUMERICAL RESULT AND DISCUSSION

In this analysis, the microstrip line is present on the cyclic-olefin copolymer dielectric substrates. The relative permittivity, loss
tangent and thickness of dielectric substrate are g = 2.35, tand = 5.0x10* and H = 10um, 20um respectively. The impedance,
effective relative permittivity, dielectric loss and conductor loss are calculated for different width of microstrip line, S=10um, 20um,
30um, 40pum and 50um on different substrate thickness, H = 10um, 20um in the frequency range from 100GHz to 300GHz. The
conductivity of microstrip line conductor is 5.618x10” S/m. Fig. 2(a) and Fig. 2(b) shows the variation of impedance and effective
relative permittivity with frequency on H=10um dielectric substrate. The variation of impedance and effective relative permittivity
with frequency is very small. This shows the dispersion for microstrip line on cyclic-olefin copolymer substrate is negligible for this
wide range of frequency band. Microstrip line and components can be designed in this large frequency bandwidth.

Fig. 2(c) and Fig. 2(d) shows the variation of dielectric loss and conductor loss with frequency. The dielectric loss is very small and
increases with frequency. The dielectric loss is small due to small loss tangent. The conductor loss more than dielectric loss.
Therefore, major loss in microstrip line is due to conductor loss. The dielectric loss is more for wider microstrip line, but conductor
loss is more for narrow microstrip line. Fig. 3(a) and Fig. 3(b) shows the dispersion characteristics of microstrip line on H=20um
dielectric substrate. The characteristic impedance of microstrip line is 88.1ohm and 117.9ohm for H=10um and H=20um
respectively for S=10pum at 100Ghz. Microstrip line on H=10pum and H=20um shows the very small dispersion characteristics. The
impedance changes with strip width and dielectric substrate thickness.
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V. CONCLUSION
In this paper, the dispersion characteristics of microstrip line, dielectric loss and conductor loss on different thin film dielectric
substrate and strip width are analyzed from 100GHz to 300GHz. The microstrip line on thin film dielectric substrate shows the
extremely small dispersion. The dielectric losses are also very small compared to conductor loss. Microstrip lines on thin film
dielectric substrate are used for wide range of frequency due to low dispersion characteristics and losses.
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