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Frequency Analysis of Cascade-Connected Planar 
Transmission Lines by ETS Method 
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Abstract – The Equivalent Thevenin Source (ETS) method is 
used for frequency analysis of a two-dimensional circuit designed 
as cascade-connected uniform transmission lines with various 
widths and lengths. The efficiency and accuracy of the procedure 
suggested here is shown on a few various microstrip examples, 
such as open-ended line, line terminated in its characteristic 
impedance, T-junction and lowpass filters. 

Keywords – Planar transmission lines, Cascade connection, 
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I. INTRODUCTION 

Electrical circuits containing microwave lines can be 
modeled by one-dimensional (1D) circuits composed of 
transmission lines. The analysis of such circuits in the 
frequency domain is simple and very fast. Sometimes, the 
results of analysis differ very much from the desired accurate 
results. This happens due to the appearance of discontinuities 
that are the result of different physical dimensions and shapes 
of the line. Because of that, more accurate, but also more 
complex methods, based on two-dimensional (2D) and three-
dimensional (3D) approaches to the analysis of circuits 
containing microwave lines, are used. For that purpose, a 
number of approaches are developed, and some of them are 
given in the papers [1-9]. Also, a number of software 
packages are developed, such as Libra [10], ADS [11], 
GENESYS [12], FAMIL [2], etc. 

A 2D circuit can represent an equivalent electrical model of 
both planar microwave structures and microelectronic 
connections. Modeling of planar microwave structures based 
on an equivalent circuit consisting of elements with lumped 
RLGC parameters is used very frequently because of the 
simplicity of the model. But, the equivalent circuit can be very 
complex with many nodes and the solving of such a circuit is 
a very complex task. An analysis of such circuits by standard 
procedures requires large memory resources and takes a long 
time. In this paper, another efficient method of frequency 
analysis based on decomposition of the whole 2D circuit in 
less complex multi-port ladder subnetworks and equivalent 
Thevenin sources for solving multi-port subnetworks, is 
described. 

The suggested frequency analysis procedure of planar 
transmission lines can be used for the analysis of various 
microstrip structures. Various types of discontinuities occur in 
the conductor of planar transmission lines, such as 
microstrips. Some examples of microstrip structures in which 
these discontinuities occur frequently, are shown in Fig.1 [13]. 
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Fig.1. Various types of microstrip discontinuities and 

their typical circuit applications. 

II. PLANAR TRANSMISSION LINE SEGMENTATION 

A transmission line with given geometrical and substrate 
parameters can be modeled in a few ways starting with 
calculated characteristic impedance cZ  and effective 

dielectric constant eff
rε . A modeling method used here is the 

segmentation of the line in longitudinal and transversal 
directions. That way, a 2L-port equivalent electrical network 
of the transmission line can be formed [1,2]. 

A rectangular microstrip line of a width of w  and a length 
of d  can be divided into KL×  segments, as shown in Fig.2. 
The model of the equivalent network of a four-port segment is 
shown in Fig.3, and the model of a three-port segment is 
shown in Fig.4. 
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Fig.2. Segmentation of a microstrip line in transversal 

and longitudinal directions. 
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Fig.3. Four-port segment and its equivalent network. 
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Fig.4. Three-port segment and its equivalent network. 

 
The general solutions to frequency independent serial 

inductances and shunt capacitance of Figs. 3 and 4, for a 
microstrip line with L2  ports, are [1] 
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where 0c  is the velocity of propagation on the line in free 
medium. 

A two-dimensional equivalent electrical circuit of 
transmission line can be obtained by properly connected 
equivalent networks for all three- and four-port segments. 

III. TWO-DIMENSIONAL RLGC CIRCUIT AND ITS 
DECOMPOSITION INTO LADDER SUBNETWORKS 

A lossless planar transmission line modeled by a 2D circuit 
with LC lumped elements is shown in Fig.5. The circuit can 
be excited by several real voltage sources and terminated by 
several real loads. The circuit can be observed as 3+K  
cascade-connected ladder subnetworks with 2L ports. The first 
subnetwork corresponds to the sources, subnetworks from 2 to 

2+K  correspond to the transmission line, and the rdK 3+  
subnetwork corresponds to the loads.  

 
Outputs 

 
Inputs 

Fig.5. 2D electrical circuit. 
 

One ladder subnetwork, obtained from the circuit given in 
Fig.5, can be treated as a multi-port subnetwork with L input 
and L output ports as shown in Fig.6. 
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Fig.6. thk  ladder subnetwork with L2  ports. 

 
In Fig.6, a thk  ladder subnetwork for planar transmission 

line with losses is depicted. The immittances k
lZ , 

Ll ,,2,1 h= , k
llY 1, + , 1,,2,1 −= Ll h , correspond to the serial 

connections of resistors, inductors and capacitors, and the 
admittances k

lY , Ll ,,2,1 h= , 3,,2,1 += Kk �  correspond 
to the shunt connections of conductances, capacitors and 
inductors [2,3]. 

IV. TRANSMISSION MATRICES OF LADDER 
SUBNETWORKS 

A terminal behaviour of the ladder subnetwork, shown in 
Fig.6, can be described completely by the transmission 
matrices. This is conveniently achieved trough the chain 
matrix that relates the input voltages and currents of the 
subnetwork to its output voltages and currents. The matrix 
equations are [3] 
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where kA , kB , kC  and kD  are transmission matrices of the 
ladder subnetwork. The input voltage and current vectors are 
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1D =k  is an identity matrix and 3,,2,1 += Kk m . 
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V. ETS VOLTAGE AND IMPEDANCE CALCULATION 
OF TRANSMISSION LINES 

The frequency analysis of a 2D transmission line 
equivalent circuit using transmission matrices can be done by 
the Equivalent Thevenin Source (ETS) method. The analysis 
is based on decomposition of that circuit in cascade-connected 
ladder subnetworks with L2  ports. For each ladder 
subnetwork, corresponding transmission matrices are 
calculated and all previously subnetworks are then substituted 
by L  ETS. They represent the excitation of the next ladder 
subnetwork. The input and output voltages, as well as the 
input currents of each subnetwork, can be obtained by 
successive application of this approach.  

The voltages and output impedances of the ETS for the 
thk  ladder subnetwork are calculated by using recurrent 

relations [3] 
 1

2
11k
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where 3,,2,1 += Kk m . 

The input admittance matrix is  
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where L
K GY =+3

1  represents the diagonal matrix of loads and 
2,,1,2 m++= KKk . The voltage and current vectors at the 

input ports of the thk  ladder subnetwork are obtained simply 
from relations 
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where 3,,2,1 += Kk m .  

VI. MULTI-PORT NETWORK DRIVEN BY CURRENT 
AND VOLTAGE SOURCES 

Consider a multi-port ladder subnetwork shown in Fig.7, 
[4], driven by 21 mm +  voltage and k  current real sources. In 
that case, the number of input ports is 21 mkmL ++= . 
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Fig.7. Multi-port ladder network driven by voltage and 

current real sources. 

The input voltage vector of the network according to source 
disposition is 
 [ ] [ ]L

mkm

T
vmk,cvm UUU 11211

 2     1               1    1    1
,2,11                  m

mmm

==
||

|| UUUU . (10) 

The first sign of subscripts in the vector indicates the number 
of the sources and the second the type of source ( v - voltage 
and c - current source). 

Also, the output voltage vector of the network can be 
divided as follows:  
 [ ] [ ]T

L
T

mkm UUU 222212,2,21,22     �== UUUU || . (11) 
In order to find the voltage vector T2U  for an open-ended 

network and the impedance matrix T2Z  for annulled sources 
by the ETS method, it is necessary to form the real input 
vector with known voltage vectors, vm ,1U  and vm ,2U  and 
current vector, ck ,I . Because of that, permutation of 
corresponding rows in the existing transmission matrices must 
be done. After the row permutation is done, the equation 
system (3–4) becomes 
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There are no changes in the output voltage and current 

vectors after the row permutations. The only changes are in 
the corresponding transmission matrices. 
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the equation system (12-13) can be written as 
 22,  IBUASWS ii ⋅+⋅=⋅− cvs , (15) 

 22, IDUCS ii ⋅+⋅=cv . (16) 
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The ETS voltage vector for an open-ended network is 

    [ ] SCWAU ii ⋅⋅+=
−1

2 sT  (17) 
and the ETS impedance matrix for annulled current and 
voltage sources is 

 [ ] [ ]iiii DWBCWAZ ⋅+⋅⋅+=
−

ssT
1

2 . (18) 
The relations (17) and (18) are equivalent to the recurrent 

relations (5) and (6), where SU ≡−1
2
k
T  and s

k
T WZ ≡−1

2 . 

VII. ETS FOR INCREASED WIDTH LINES 

The microstrip structure that comprises a junction with an 
increased number of input ports of corresponding networks is 
shown in Fig.8, where LL >1  [4]. The network is driven by 

2+1 kk  current and L voltage real sources and has 12L  ports, 
211 kLkL ++= . The first k  cascade-connected subnetworks 

with the same number of input and output ports are substituted 
by their L  ETS and the last subnetwork designated by LZ  
corresponds to loads. 
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Fig.8. Microstrip structure with a junction of two networks with 

an increased number of ports. 
 
The source vector of the next stk 1+  network is the voltage 

vector obtained by (5) increased in the form 

 [ ] [ ] Tk
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where 0  is the zero vector. 
According to the network connection given in Fig.8, the 

source impedance matrix for the next stk 1+  network is the 
impedance matrix obtained by (6) increased in the form 
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where 0  is the zero matrix. 

The ETS voltage vector and impedance matrix for the 
stk 1+  open-ended network are 
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k
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The procedure for the solution of cascade-connected 
networks with an increased number of ports is as follows:  

 
1. The relations (5) and (6) are used to obtain k

T2U  and 
k
T2Z , i.e. ETS voltages and impedances for the first k  

cascade-connected networks with the same number of 
input and output ports. This vector and matrix are used 
for the input ports of the next stk 1+  cascade-connected 
network. 

2. Because of the current and voltage sources, i.e. the 
network junction, permutation of rows in the transmission 
matrices for stk 1+  network only must be done. The new 
matrices i

k 1+A , i
k 1+B , i

k 1+C  and i
k 1+D  with permuted 

corresponding rows are formed for the stk 1+  network 
with 12L  ports, as shown in section VI.  

3. At the junction between thk  and stk 1+  networks, 
because of the increased number of input ports, it is 
necessary to increase the vector k

T2U  and the matrix k
T2Z  

as shown in relations (19) and (20). The voltage vector 
1

2
+k
TU  and impedance matrix 1+

2
k
TZ  are calculated from 

relations (21) and (22). 
4. For further calculations, 3+,...,3+,2+ Kkk , the relations 

(5) and (6) can be used for solving the rest of the 
networks in the cascade connection. All transmission 
matrices to the end are square matrices of sizes 11 LL ×  
and forms given in the equations (3) and (4). 

VIII. ETS FOR REDUCED WIDTH LINES 

The microstrip structure with a junction of two networks 
with reduced number of input ports is shown in Fig.9, where 

LL <1 , 11 +−= mnL  [5]. The first k  cascade-connected 
subnetworks with the same number of input and output ports 
are substituted by L  ETS and the last subnetwork designated 
by LZ  corresponds to loads. 
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Fig.9. Cascade connection of networks with a reduced  
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number of ports. 
The impedance matrix obtained by the equation (6) is a full 

matrix, and according to the network connection given in 
Fig.9, it can be divided in the following form: 
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The ETS voltage vector at thk  open-ended network is a full 
vector and can be divided as follows: 
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The transmission matrices of the stk 1+  network and other 
networks to the end are quadratic matrices of sizes LL×  and 
shapes 
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The matrices r
k 1+A , r

k 1+B  and r
k 1+C  are matrices of the 

stk 1+  network with a real number of ports, and their sizes 
are 11 LL × , 11 +−= mnL . 

The output voltage vector k
T 2,2U  is the input voltage vector 

for the next stk 1+  network, and the output voltage vector for 
the stk 1+  open-ended network is 
 k

T
r
k

kr
k

k
T 2,2

1
1221

1
2,2 UCZAU ⋅⋅+= −
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+ ][ . (27) 

The ETS impedance matrix for the stk 1+  open-ended  

network is 
 ][][ r
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The procedure for the solution of cascade-connected 

networks with a reduced number of ports is as follows:  
1. The relations (5) and (6) are used to obtain k

T2U  and 
k
T2Z , i.e. ETS voltages and impedances for the first k  

cascade-connected networks with the same number of 
input and output ports. This vector and matrix are used for 
the input ports of the next stk 1+  cascade-connected 
network. 

2. The matrices r
k 1+A , r

k 1+B  and r
k 1+C  are formed for the 

stk 1+  network with 12L  ports. 

3. At the junction between thk  and stk 1+  networks, 
because of the reduced number of input ports, it is 
necessary to get only voltage vector k

T 2,2U  from vector 
k
T2U  and matrix k

22Z  from matrix k
T2Z  (Eqs. (24) and 

(23)). The voltage vector 1
2,2

+k
TU  and impedance matrix 

1
2,2

+k
TZ  are calculated from relations (27) and (28). 

4. For further calculations, 3+,...,3+,2+ Kkk , it is 

assumed that 1
2,2

1
2

++ = k
T

k
T ZZ , 1

2,2
1

2
++ = k
T

k
T UU , rAA ≡ , 

rBB ≡ , rCC ≡  and 1DD =≡ r  and the relations (5) 
and (6) can be used for solving the rest of the networks in 
the network cascade connection. 

 
The suggested procedures are incorporated in the program 

FAMIL (Frequency Analysis of MIcrowave Lines) [2] created 
in MATLAB [14]. 

IX. ANALYSIS RESULTS 

A. ETS Method Efficiency Analysis 

In order to reconsider the efficiency of the suggested ETS 
method, 2D electrical circuits of various complexities are 
solved. The equivalent circuit composed as cascade-connected 
multi-port subnetworks shown in Fig.5 is analysed. The 
number of input ports is 10=L  and the number of cascade-
connected networks is 200,,2,1 m=K . In this case, the 
largest equation system has 2000 unknown voltages. The 
efficiency testing program is done in MATLAB on PC 1.7 
GHz.  

Graphs of time needed for the solution of the equation 
system versus the number of network in cascade connection 
K , are depicted in Fig.10. The time needed for the forming of 
admittance matrix of 2D circuit is included in the time needed 
for the solution of the equation system for all procedures. The 
MATLAB built-in functions are used for Gauss’s procedure 
and matrix inversion procedure. The expressions given in this 
paper are used for the ETS method [2]. 
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Fig.10. Efficiency curve graph. 

From Fig.10 it can be inferred that the matrix inversion 
procedure requires the longest time needed for the solving of 
the equation system. In that case, a full admittance matrix is 
solved. The full admittance matrix is also solved by Gauss 
procedure, but it is more efficient than the matrix inversion 
procedure. The ETS method does not require the calculation 
of current vectors and, because of that, it is the most efficient 
method in the case when all voltages are to be calculated. The 
essential advantage of the ETS method is the calculation of 
output voltages only, which is the most common case in 
practice.  

B. Microstrip Open-ended Line 

Consider a rectangular microstrip line on a mµ100  GaAs 
substrate with 9.12=εr  shown in Fig.11 [2]. The strip width 
is mw µ=  50  and the length md µ=  100 . A uniform 
microstrip line is an open-ended line with the source 
impedance of Ω=  50SR . The number of segments in the 
transversal direction is 1=L  and the number of segments in 
the longitudinal direction is 1=K . 
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Fig.11. Geometry of a microstrip line. 

 
Figs. 12 and 13 show a comparison between the results of 

the MAPS model, HP Momentum, a commercially available 
circuit simulator, [8], ADS and FAMIL. MAPS 
(Multidimensional Adaptive Parameter Sampling) [8] is an 
adaptive technique for building multidimensional 
parameterised analytical models for general planar microwave 
structures with a predefined accuracy and based on full-wave 
electromagnetic simulations. The results of HP Momentum, 
the MAPS model and ADS are virtually indistinguishable on 
the figure. The results of the circuit simulator differ 
significantly from those results and from our results obtained 
by the program FAMIL. 
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Fig.12. Real part of 11S . 
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Fig.13. Imaginary part of 11S . 

C. Microstrip Line Terminated in its Characteristic 
Impedance 

Consider a rectangular microstrip line terminated in its 
characteristic impedance at both ends [2]. The segmentation in 
the transversal direction is not done, i.e. the number of 
network inputs is 1=L . Its length is equal to the wavelength 
on the line ( md µ=λ= 1700  at GHzf  60= ). The other 
geometrical and substrate parameters, except the number of 
network inputs and the number of cascade-connected ladder 
networks, are the same as those in the case of the microstrip 
open-ended line. The characteristic impedance of the line, 
without dispersion effects, is Ω=  26.58cZ . 

 
A transmission line circuit with arbitrary source and load 

impedances, SR  and LR , is shown in Fig.14. The 
transmission line is assumed to be lossless, with the length d  
and the characteristic impedance cZ . This circuit is general 
enough to model most passive and active networks that occur 
in practice. 
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Fig.14. Lossless transmission line. 
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where vdd /ω=β=θ  is the electric length of the 

transmission line and eff
rcv ε= /0  the phase velocity. The 

equation (29) gives an accurate result at each frequency. 
TABLE 1 

COMPARISON OF THE RESULTS 

OUTPUT VOLTAGE MAGNITUDE  
Freq. 

[ GHz ] Transmission 
line solution 

Eq. (29) 

ETS 
method 

1=K  

ETS 
method 

10=K  

ETS 
method 

20=K  
0 0.5000 0.5000 0.5000 0.5000 
10 0.5000 0.4957 0.5000 0.5000 
20 0.5000 0.3432 0.5000 0.5000 
30 0.5000 0.1346 0.5000 0.5000 
40 0.5000 0.0586 0.4999 0.5000 
50 0.5000 0.0301 0.4998 0.5000 
60 0.5000 0.0175 0.5000 0.5000 

 
Table 1 shows that the corresponding number of segments 

in the longitudinal direction, K , will give a better 
approximation in the wider frequency band. The results are 
given for the case when 1=L  and 1=SU . 

The magnitude of the scattering parameter 11S  versus 
frequency, obtained by FAMIL and ADS, is shown in Figs. 15 
and 16, respectively. The results obtained by the program 
FAMIL, i.e. ETS method, are in good agreement with those 
obtained by the program ADS [11]. 
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Fig.15. Magnitude of the scattering parameter 11S  versus 
frequency for 40=K  in the program FAMIL. 
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    Fig.16. Magnitude of the scattering parameter 11S  versus 

frequency in the program ADS. 

D. Microstrip  T - junction 

Consider a microstrip T-junction depicted in Fig.17 [2]. 
The substrate material is Polyguide with the relative dielectric 
constant of 32.2=εr  and the board thickness mmh 58.1= .  

In the program FAMIL, the T-junction is analysed as a 
cascade connection of five uniform transmission lines. Line 
widths are mmww  71.451 == , mmww  2042 ==  and 

mmw  503 = . Their lengths are mmdd  3051 == , 
mmdd  65.242 ==  and mmd  71.43 = . The filter is 

terminated in Ω50  at both ends. 
 

Line2
Line1

Line4

Line3

Line5

Input Output

 
Fig.17. T-junction layout. 
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Fig.18. Magnitude of the transmission coefficient versus frequency. 
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Fig.19. Magnitude of the reflection coefficient versus frequency. 

The magnitude of the transmission and reflection 
coefficients versus frequency, obtained by the programs 
GENESYS (1D analysis using transmission lines and 3D 
electromagnetic analysis) [12], FAMIL and ADS, are shown in 
Figs. 18 and 19. 

From the responses given in Fig.18 it can be inferred that 
the response obtained by FAMIL is in better agreement with 
the one of electromagnetic simulation done in GENESYS than 
the response obtained by ADS. 

E. Lowpass Filter I 

Consider a lowpass filter with a layout shown in Fig.20. 
This filter is analysed in references [15]. The length of the 
first and third line is equal, mmdd  1531 == . 

 

Fig.20. Layout of lowpass filter. 
 
 

The number of segments in transversal and longitudinal 
directions has a great significance when this filter or some 
other structures are analysed in the program FAMIL. The filter 
shown in Fig.19 is analysed as a cascade connection of three 
rectangular microstrip lines. The chosen line segmentations 
are 1=L  and 20=K  for the first and third lines and 8=L  
and 10=K  for the second line. 

Fig.21 shows the analysis results given in reference [15]. 
Here, measured results (MEASUREMENT), as well as results 
obtained by 3D FDTD (Finite-Difference Time-Domain) 
method (CALCULATION), are given. The analysis results 
obtained in the program FAMIL are shown in Fig.22. The 
comparison of results given in Figs. 21 and 22 shows good 
agreement.  

 

 
Fig.21. Results given in reference [15]. 
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Fig.22. Lowpass filter frequency response obtained  
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by the program FAMIL. 

F. Lowpass Filter II 

Consider a microstrip stepped-impedance 7th order 
Chebyshev lowpass filter with a cutoff frequency of 

MHz 900 and Ω 50  terminations given in chapter 7.2 in 
reference [16]. The layout is shown in Fig.23. The nominal 
substrate dielectric constant is 0.6=εr , the board thickness is 

mh µ=  635  and the strip thickness is mt µ=  03.18 .  
 
 

Line1 Line2 Line3 Line4 Line5 Line6 Line8Line7 Line9

Ω50 Ω50  
Fig.23. Layout of stepped-impedance lowpass. 

 
 

The stepped-impedance lowpass is a cascade of alternating 
high and low impedance transmission lines. The high 
impedance lines act as serial inductors and the low impedance 
lines act as shunt capacitors. The high impedance narrow lines 
are mµ 19.465  wide (line2, line4, line6 and line8) and the low 
impedance wide lines are mµ52.4811  wide (line3, line5 and 
line7). The intermediate width lines at the ends 
( mww µ==  59.93291 ) are the Ω50  leader lines. If the filter 
is terminated in Ω 50 , the lengths of these leaders affect only 
filter dissipation loss and phase length. 

 
This microstrip lowpass filter is observed as cascade-

connected transmission lines with various lengths and 
increased or reduced widths. Their lengths are 

mdd µ==  254091 , mdd µ== 91.1811482 , 
mdd µ==  46.783473 , mdd µ==  02.3204264  and 

md µ=  33.97715 .  
 
The results obtained by the program FAMIL are compared 

with the ones obtained by the program GENESYS and shown 
in Fig.24. The attenuation characteristics are in good 
agreement at lower frequencies. For higher frequencies the 
results differ slightly. 
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Fig.24. Frequency response of a microstrip lowpass filter. 

G. Lowpass Filter III 

Consider a microstrip lowpass filter with a cutoff frequency 
of MHz900  and Ω50  terminations given in chapter 7.5 in 
reference [16]. The layout of the filter under consideration is 
shown in Fig.25. The nominal substrate dielectric constant is 

0.6=εr , the board thickness is mh µ=  635  and the strip 
thickness is mt µ= 03.18 . 
 
Line1 Line2 Line3 Line4 Line5 Line6 Line8Line7 Line9

Ω50 Ω50

 
Fig.25. Layout of lowpass filter. 

 
 

The lines at the ends (line1 and line9) are Ω50  leader 
lines. If the filter is terminated in Ω 50 , the lengths of these 
leaders affect only filter dissipation loss and phase length.  

The microstrip lowpass filter is observed as nine cascade-
connected transmission lines with various lengths and 
increased or reduced widths. The widths of transmission lines 
are mww µ== 59.93291 , mwwww µ==== 19.4658642 , 

mw µ= 79.156793 , mw µ=  59.180165 , mw µ= 39.157817 . 
Their lengths are mdd µ==  254091 , md µ= 80.133852 , 

mddd µ=== 93.2873753 , mdd µ== 80.3002264  and 
md µ= 60.134368 .  

The result obtained by the program FAMIL and the ones 
obtained by electromagnetic and linear simulations in the 
program GENESYS are depicted in Fig.26. From the responses 
it can be inferred that the response obtained by FAMIL is in 
good agreement with that of electromagnetic simulation done 
in GENESYS. 
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Fig.26. Response of a microstrip lowpass filter. 

X. CONCLUSION 

Each phase of procedure for frequency analysis of 
microwave lines based on the Equivalent Thevenin Source 
(ETS) method is described in references [1-6]. The microwave 
structure is treated as a cascade connection of uniform 
transmission lines with various lengths and equal, increased or 
reduced widths. In this paper, the complete analysis procedure 
with corresponding relations is given. 

The purpose of this paper is to show that the frequency 
analysis of planar transmission lines based on the ETS method 
can be a strong competitor to other known methods. It leads to 
a universal and effective computer program capable of solving 
a wide range of practical problems called FAMIL (Frequency 
Analysis of MIcrowave Lines) [2].  

The efficiency and accuracy of the suggested procedure is 
shown in a few various examples realized in the microstrip 
line technique, such as open-ended line, line terminated in its 
characteristic impedance, T-junction and lowpass filters. The 
results of the analysis obtained by the program FAMIL have 
shown good agreement with those obtained by other programs 
mentioned above. 

The analysis procedure described here can be applied to 
both symmetrical and asymmetrical connections of 
transmission lines with different lengths and widths. This 
procedure may be further generalized to analyze any type of 
various tapered microstrip transmission lines. 
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