
 

2 VI June 2014



June 2014

3

I E N C E

Page 1

Micro 

for both surface and embedded 
, on a substrate of thickness h, relative 

It is observed 
that the characteristic impedance depends mainly upon the ratio of stripline width to its substrate height.
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I. INTRODUCTION

Modified microstrip lines are used to achieve 
performance goals that can not be obtained using simple, 
uniform structures [1, 2]. They are categorized according to 
their physical dimensions, structures, substrate materials, 
ground plane configurations, and conductor shapes. The 
historical base of micro line (ML) was a coaxial line, which 
provides a dominant mode with zero cutoff frequency, low 
loss, and a very wide bandwidth. However, this line makes it 
difficult and expensive to create passive and active 
transmission line based components and devices. The first 
attempt to overcome this disadvantage was the rectangular
coaxial line with strip center conductor. The next step was 
removing the side walls and extending the top and bottom 
ground planes, with the result called the stripline (SL). The 
next modification of transmission line involved removing the 
top ground plane and the top dielectric substrate. That 
modified structure was named the microstrip line. The ML is 
transmission line geometry with a single conductor trace on 
one side of the substrate and a single ground plane on the 
other side. The developments of ML are summarized in [3, 4]. 
The evaluation of MLs began in 1952 when the microstrip 
line was introduced [5]. During the past 40 years, ML has 
played a key role in the growth of new radio frequency (RF) 
and microwave applications. Right now, ML is more popular 
than SL, but SL is still essential for RF and microwave 

components having high-Q, low dispersion, and wide 
frequency range. Also, various printed transmission lines are 
in use [6].

Today, electromagnetic propagation on multiple parallel 
transmission lines has been a very attractive area in 
computational electromagnetic. Multiple parallel transmission 
lines have been successfully applied and used by designers in 
compact packaging, semiconductor device, high speed 
interconnecting buses, monolithic integrated circuits, and 
other applications. Microstrip lines are the most commonly 
used in all planar circuits despite of the frequencies ranges of 
the applied signals. Microstrip lines are the most commonly 
used transmission lines at high frequencies. Quasi-static 
analysis of microstrip lines involves evaluating them as 
parallel plates transmission lines, supporting a pure “TEM” 
mode. Development in microwave circuits using rectangular 
coaxial lines as transmission medium has been improving 
over the past decades [7]. Advances in microwave solid-state 
devices have stimulated interest in the integration of 
microwave circuits. Today, microstrip transmission lines have 
attracted great attention and interest in microwave integrated 
circuit applications. This creates the need for accurate 
modeling and simulation of microstrip transmission lines. Due 
to the difficulties associated with analytical methods [8] for 
calculating the capacitance of shielded microstrip 
transmission lines, other methods have been applied. Such 
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methods include finite difference technique, extrapolation, 
point-matching method, boundary element method, spectral-
space domain method, finite element method [9], conformal 
mapping method [10], transverse modal analysis [11], and 
mode-matching method [12].

II. MODELING ANALYSIS

Microstrip lines are the most commonly used 
transmission lines at high frequencies. Modeling and 
simulation of microstrip lines becomes essential technique to 
investigate. 

II.1. SURFACE MICROSRTIP LINE

The signal propagation delay time and characteristic 
impedance for this type can be described by [13]:

67.0475.010654.0 4  
rpd xT  ns/mm (1)

    twhZ r  8.0/98.5ln41.1/870  Ω (2)

Equations. (1, 2) can be rewritten as a function of refractive 
index n, where n=(εr)

0.5as the following formulas:

67.0475.010654.0 24   nxTpd ns/mm (3)

  twhnZ 







 8.0/98.5ln41.1/87 2

0 Ω (4)

II. 2. EMBEDDED MICROSRTIP LINE

The signal propagation delay time and characteristic 
impedance for this type can be described by [14]:

rpd xT 410654.0  ns/mm (5)

    twhZ r  8.067.0/4ln/600  Ω (6)

Equations. (5, 6) can be rewritten as a function of refractive 
index n, where n=(εr)

0.5as the following formulas:

nxTpd
410654.0  ns/mm (7)

    twhnZ  8.067.0/4ln/600  Ω (8)

For different selected materials based both micro strip lines, 
the investigation of both the thermal and spectral variations of 
the effective refractive index require empirical equation. The 
set of parameters required to completely characterize the 
temperature dependence of the refractive index is given 
below, Sellmeier equation is under the form [15-17]:
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(9)

Where the Sellemeier coefficients for Silicon (Si), Silicon 
germanium (SiGe), and gallium arsenide (GaAs) are listed in 
the following Table 1. Where T is the ambient temperature, 
and T0 is the room temperature respectively. 

Table 1: Sellemeier coefficients for different selected 
materials based micro strip lines [15-17].

Coefficients Si SiGe GaAs

A1 1 1 8.95

A2 0.6063 (T/T0) 0.10543 
(T/T0)

2.054 
(T/T0)

A3 14.6 (T/T0)
2 443.26 

(T/T0)
2

0.390

A4 2.5426 (T/T0) 54.526 (T/T0) 0.0

A5 0.04512 
(T/T0)

2
0.00052 
(T/T0)

2
0.0

A6 0.549 (T/T0) 12.54 (T/T0) 0.0

A7 5.43203 
(T/T0)

2
0.0543 
(T/T0)

2
0.0

III. SIMULATION RESULTS AND PERFORMANCE ANALYSIS

The model has presented surface and embedded micro 
strip lines characteristic impedance and its signal propagation 
delay in optical transmission regions under the set of the wide 
range of the operating parameters as shown in Table 1 is listed 
below. 
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Table 1: Proposed operating parameters in different micro 
strip lines [5, 8, 12, 18].

Operating parameters Value

Ultra violet optical signal wavelength, 
λUV

200 nm-400 nm

Visible optical signal wavelength, λV 400 nm-700 nm

Near infrared optical signal wavelength, 
λNIR

700 nm-1600 nm

Stripline thickness, t 0.1 mm

Ambient temperature, T 300 K400 K

Stripline width, w 0.3 mm

Strip line height, h 1.6 mm

Based on the model equations analysis, assumed set of the 
operating parameters as listed in the Table 1 above, and based 
on the series of the figs. (1-12), the following facts are 
assured:

Figs. (1-6) have assured that signal delay time for both surface 
and embedded micro strip lines increase with increasing both 
operating optical signal wavelength and ambient temperature 
variations for different materials based micro strip lines under 
considerations. It is observed that surface micro strip line has 
presented lower signal propagation delay time for different 
materials based this type in compared to embedded micro 
strip line.
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Fig. 1. Signal propagation delay time in relation to operating optical signal wavelength and ambient temperature variations at 
the assumed set of the operating parameters.
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Fig. 2. Signal propagation delay time in relation to operating optical signal wavelength and ambient temperature variations at 
the assumed set of the operating parameters.
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Fig. 3. Signal propagation delay time in relation to operating optical signal wavelength and ambient temperature variations at 
the assumed set of the operating parameters.
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Fig. 4. Signal propagation delay time in relation to operating optical signal wavelength and ambient temperature variations at 
the assumed set of the operating parameters.
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Fig. 6. Signal propagation delay time in relation to operating optical signal wavelength and ambient temperature variations at 
the assumed set of the operating parameters.
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Fig. 8. Characteristic impedance in relation to operating optical signal wavelength and ambient temperature variations at the
assumed set of the operating parameters.
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Fig. 10. Characteristic impedance in relation to operating optical signal wavelength and ambient temperature variations at the 
assumed set of the operating parameters.
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Fig. 12. Characteristic impedance in relation to operating optical signal wavelength and ambient temperature variations at the 
assumed set of the operating parameters.

Figs. (7-9) have indicated that characteristic impedance 
decreases with increasing both spectral and thermal variations 
for different materials based surface micro strip line. 
Moreover it is indicated that Si based surface micro strip line 
has presented the lowest characteristic impedance compared 
to other materials based this micro strip type.

Figs. (10-12) have indicated that characteristic impedance 
decreases with increasing both spectral and thermal variations
for different materials based embedded micro strip line. 
Moreover it is indicated that Si based embedded micro strip 
line has presented the lowest characteristic impedance 
compared to other materials based this micro strip type.

Figs. (7-12) have indicated that characteristic impedance of 
surface micro strip line has present higher values than 
embedded micro strip line type under the same operating 
conditions and materials based these types.

IV. CONCLUSIONS

In a summary, the model has been investigated to show 
the dramatic effects of spectral and thermal variations on both 
surface and embedded micro strip lines performance 
transmission operation. It is theoretically found that signal 

propagation delay time within embedded micro strip lines 
have presented higher time delays for different materials 
based this type in compared with surface micro strip lines. 
Characteristic impedance and signal propagation delay times 
are taken into account for these micro strip lines under sturdy 
considerations in optical transmission spectrum regions.
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