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Abstract: In this paper, the modelling and analysis of open-end microstrip line discontinuity on multilayer semiconductor 
substrate is presented. The equivalent lumped circuit model is used to compute the frequency dependent reflection coefficient 
from the open-end microstrip line discontinuity. The lumped circuit elements, capacitance, inductance and resistance, are 
computed using closed-form expressions in term of the width of microstrip line discontinuity and thickness of the dielectric 
substrate. To compute the characteristic impedance of microstrip line on multilayer dielectric substrate, static Spectral Domain 
Analysis (SDA) method and Single Layer Reduction (SLR) techniques are used.  
Keywords: Static Spectral Domain Analysis method, Single Layer Reduction technique, Multilayer Microstrip line, Open-End 
Discontinuity. 
 

I. INTRODUCTION 
Microstrip line are extensively used in the design of microwave components such as couplers, filters, interconnects and matching 
components in hybrid and monolithic integrated circuits. Different types of discontinuities such as open-end, gap and step 
discontinuity are essential part in the design of planar microwave components. In the complex circuits, the microstrip line and 
discontinuities are integral part in designing process. Various types of transmission line discontinuities, open-end, short-end, step 
and bend have been analyzed using equivalent circuits model at low frequency. Full wave methods have been used for frequency 
dependent analysis. Full wave methods are difficult to implement and time consuming. For fast microwave circuit design the 
equivalent circuit model of discontinuities are widely used [1-7]. Most of the circuit model are frequency independent. The 
frequency dependent parameters of microwave components can be further improved by incorporating the frequency in the lumped 
circuit model. The circuit model for open-end discontinuity has been modified and results are compared with full-wave spectral 
domain analysis [5].  
In the hybrid and semiconductor based integrated circuits, the microwave circuits are designed on multilayer substrates. Therefore, it 
is essential to analyze and characterize the microstrip line discontinuities on multilayer substrate. This paper presents analysis of 
open-end microstrip line discontinuity on multilayer dielectric substrate. For this, the static spectral domain analysis method along 
with single layer reduction technique are used to obtain the characteristic parameter i.e., characteristic impedance and effective 
relative permittivity of the microstrip line. The equivalent circuit model has been used to compute the frequency dependent 
magnitude and phase of the reflection coefficient of open-end microstrip line discontinuity. The static spectral domain analysis 
method for multilayer microstrip line is discussed in section-II. The circuit model for open-end discontinuity and computed 
numerical results are discussed in section-III and Section-IV respectively.  
 

II. ANALYSIS OF MULTILAYER MICROSTRIP LINE 
For the computation of characteristic impedance of multilayer microstrip line several full wave methods, spectral domain Approach 
(SDA) and Mode Matching Method are discussed [8]. At low frequency, quasi static methods, conformal mapping, variational 
method are used for computation of characteristic impedance and effective relative permittivity. In this paper, Galerkin’s techniques 
based static spectral domain analysis method is used for calculating the capacitance of multilayer microstrip line. The characteristic 
impedance of multilayer microstrip line is computed from the line capacitance. The Green’s function in Fourier domain for 
multilayer microstrip line structure is obtained using transverse transmission line (TTL) technique [8-11].  
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The cross section of a shielded multilayer microstrip line is shown in Fig.1. The structural parameters of microstrip line are width of 
strip (W), dielectric substrate of thickness H1, H2 and H3. The permittivity of dielectric substrate is ε1, ε2, and ε3. The formulation to 
compute line capacitance is discussed in [8-11]. The per unit length capacitance is computed from following relation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Multilayer Microstrip Line 
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where ܩ෨(ߚ௡ ௦෥ߩ ,is Fourier transform of Green’s function (ݕ,  is Fourier transform of charge distribution present on the conductor 
strip, Q is total charge present on strip. The characteristic impedance is computed from following relation. 

ܼ௢ = ଵ
௖ඥ஼೏஼ೌ೔ೝ

          (2) 

III. OPEN-END MICROSTRIP LINE DISCONTINUITY 
The equivalent circuit model for open-end microstrip line discontinuity is shown in Fig.2. This circuit model consists of parallel 
combination of a Capacitor (C1) and a series LC2R resonating circuit. The closed form expression for capacitance, inductance and 
resistance are calculated in terms of physical parameters of microstrip line, i.e., width of strip conductor and thickness of dielectric 
substrate [5]. The characteristic impedance of multilayer microstrip line is computed from the static spectral domain analysis 
method [8-10] discussed in section-II.  
 
 
 
 
 
                                     
 
 
 
 
 
 
 

Fig.2 Oen-End Microstrip line Discontinuity and Equivalent Circuit Model 
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The reflection coefficient of open-end discontinuity is computed from following relation-  

߁ = ௒೚ି௒೔೙
௒೚ା௒೔೙

   (4) 

Where Yin is input admittance of the equivalent circuit and Yo is characteristic admittance of the microstrip line. The input 
admittance of the circuit is computed by following expression [5]- 

௜ܻ௡ = ଵܥ݆߱ + ቈ ଵ

ோା௜ఠ௅ା భ
ೕഘ಴మ

቉   (5) 

 
IV. NUMERICAL RESULT AND DISCUSSION 

The characteristic impedance for microstrip line for different strip width W=0.15mm to W=0.4mm are computed using spectral 
domain analysis method. The results for characteristic impedance are given in Table-I. Open-end microstrip line discontinuity is 
taken on two-layer dielectric substrates. We have taken first layer of silicon (Si) dielectric substrate εr1 = 11.9 with thickness H1 = 
0.4mm. On silicon substrate, a thin silicon dioxide dielectric substrate layer εr2 = 3.9 and thickness H2 = 3μm has been taken. The 
normalized capacitance, inductance and resistance are computed for different strip width ranging from 0.15mm to 0.4mm and 
dielectric substrate thickness H1 = 400μm and H2 = 3μm. Fig. 3(a) shows the variation of normalized capacitance (C1/εo) and (C2/εo) 
with width of microstrip line.  
 

Table-I 
↓ Z \ W 
→ 

W=0.15mm W=0.2mm W=0.25mm W=0.3mm W=0.35mm W=0.4mm 

Zo (ohm)  69.57 62.46 57.03 52.68 49.05 45.97 
 
 

 
Fig. 3(a) Normalized Capacitance C1 and C2 
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Fig. 3(b) Normalized Inductance 

 
The shunt capacitance increases as the width of microstrip line increases. The minimum and maximum value of normalized C1 is 
3.28×10-4 and 1.63×10-3 for W=0.15mm and W=0.4mm respectively. Similarly, this value for normalized C2 is 1.52×10-3 and 
2.41×10-3. The normalized inductance and resistance of equivalent circuit are plotted in Fig. 3(b) and Fig. 3(c) respectively. The 
inductance decrease as the width of strip increases but resistance increase as width of strip increases. This shows the that wider strip 
has more loss. 

 
Fig. 3(c) Normalized Resistance 

Fig. 4(a) and Fig. 4(b) shows the variation of normalized conductance and normalized susceptance with frequency. As the operating 
frequency increases, more field is radiated from the edges of the open-end discontinuity. The frequency dependent circuit model also 
demonstrates this. As the frequency increases the power loss, radiation loss and surface wave loss increases. Furthermore, the 
magnitude and the phase angle of reflection coefficient are plotted in Fig. 5(a) and Fig. 5(b) respectively with four microstrip line 
width, W=0.2mm, 0.25mm, 0.3mm and 0.350m.  As the frequency increases, the reflection coefficient decreases. 

 
Fig. 4(a) Normalized Conductance 
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Fig. 4(b) Normalized Susceptance 

 

 
Fig. 5(a) Reflection Coefficient (Mag.) 

 

 
Fig. 5(b) Reflection Coefficient (Phase, deg.) 
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V. CONCLUSION 
In this paper, lumped circuit model of open-end microstrip line discontinuity on multilayer semiconductor substrate has been 
present. The lumped circuit model can be used to analyze and compute the reflection coefficient for microwave component and 
circuit design. 
 

REFERENCES 
[1] Nikolaos K. Uzunoglu, Christos N. Capsalis and Constantinos P. Chronopoulos, Frequency-Dependent Analysis of a Shielded Microstrip Step Discontinuity 

Using an Efficient Mode Matching Technique, IEEE Transactions on Microwave Theory and Techniques, Vol 36, No. 6, June 1988, pp. 976-984. 
[2] Hung Yu Yang, Alexopoulos, G. Nicolaos and David R. Jackson , Microstrip Open-End and Gap Discontinuities in a Substrate-Superstrate Structure, IEEE 

Transactions on Microwave Theory and Techniques, Vol. 37, No. 10,  1989, 1542-1546. 
[3] W. Tang, Y. L. Chow and K. F. Tsang, Different microstrip line discontinuities on a single field- based equivalent circuit model, IEE Proc.-Microwave, 

Antenna Propagation,  Vol. 151, No. 3, June 2004, pp. 256-262. 
[4] Jaideva C. Goswami, Andrew K. Chan and Charles K. Chui, Spectral Domain Analysis of Single and Coupled Microstrip Open Discontinuities with 

Anisotropic Substrate, IEEE Transactions on Microwave Theory and Techniques, Vol. 44, No. 7, July 1996, pp. 1174-1178. 
[5] Nicolaos G. Alexopoulos and Shih-Chang Wu, Frequency-Independent Equivalent Circuit Model for Microstrip Open-End and Gap Discontinuities, IEEE 

Transactions on Microwave Theory and Techniques, Vol. 42, No. 7, July 1994, pp. 1268-1272. 
[6] Guoan Wang, Hanyi Ding, Amit Bavisi, Kwanhim Lam and Essam Mina, On-Chip 3-D Model for Millimeter-Wave T-Lines with Gap Discontinuity in 

BiCMOS Technology, Proceedings of Asia-Pacific Microwave Conference 2007. 
[7] Jesus Martel, Rafael R. Boix and Manuel Horno, Static Analysis of Microstrip Discontinuities Using the Excess Charge Density in the Spectral Domain, IEEE 

Transactions on Microwave Theory and Techniques, Vol. 39, No. 9,  1991, pp. 1623-1631. 
[8] Cam Nguyen, Analysis Methods for RF, Microwave, and Millimeter-Wave Planar Transmission Line Structures, John Wiley & Sons, Inc., 2000. 
[9] Anand K. Verma, Paramjeet Singh and Ladislau Matekovits, Strip-Width and Slot-Gap Dependent Equivalent Isotropic Substrate and Dispersion 

Characteristics of Asymmetric Coplanar Waveguide, Symmetric Coplanar Waveguide and Micro-Coplanar Strip Line on Anisotropic Substrates, IEEE 
Transactions on Microwave Theory and Techniques, Vol 62, No. 10, October 2014, pp. 2232-2241. 

[10] Paramjeet Singh, A. K. Verma and Ritu Bansal, Analysis of Multilayer Coplanar Waveguide with Finite Conductor Thickness, International Journal of 
Microwave and Optical Technology, Vol. 7, No. 6, November 2012, pp. 380-387. 

[11] A. K. Verma, Paramjeet Singh and Ritu Bansal, Computation of Static and Frequency-Dependent Line Parameters of Multilayer CPW Using Static SDA and 
Single Layer Reduction Method, International Journal of RF and Microwave Computer-Aided Engineering, Vol. 24, No. 1 January 2014, pp. 18-29. 

 



 


