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Equivalent Circuit Models for Computer Aided

Design of Microstrip Rectangular Structures
Franco Giannini, Giancarlo Bartolucci, and Marina Ruggieri, Member, IEEE

Abstract—A new modeling of microstrip rectangular struc-
tures in terms of equivalent circuits is here illustrated to over-
come many of the drawbacks and limitations of previously pro-
posed approaches and the poor accuracy still introduced by
most of the presently available models. Through a successful
electromagnetic approach, a lumped element modeling for in-
teracting and non-interacting step discontinuities have been

created and tested. An alternative modeling is also proposed to

account for shnnt connected double and single stubs in cross

and tee junction with the main line respectively. The different

models have also been tested on the same structure to demon-

strate their congruency.

I. INTRODUCTION

T HE WIDESPREAD use of monolithic microwave in-

tegrated circuits (MMIC’s) and the growing demand

for high working frequencies underline a continuous need

for accurate and dependable predictions of the behavior

of microstrip passive components.

With this respect, the deep effort paid until now to the

development of microwave circuit design techniques are

now being focused on the assessment of electromagnetic

approaches to solve circuital issues.

On the other hand, commercial CAD software has been

developed mostly for the design of hybrid microwave in-

tegrated circuits, where a moderate precision can be ac-

cepted. The latter is allowed both by the modest accuracy

in active device characterization through data-sheets and

by the unpredictable but effective final tuning on the man-

ufactured circuit.

Only recently the commercial CAD software has started

to move toward fully monolithic-oriented solutions. The

turning point for a complete “conversion” is mostly rep-
resented by an effective modeling of both active and pas-

sive components. Many new ideas and developments are

still expected from this point of view.

Paying attention to the models of passive components

generally included in commercial CAD software, it is
worth noting that they are mainly based on a quasi-static

approximation that limits their validity to quite low fre-

quencies. This is, for instance, the case of the microstrip

double step discontinuity, which is largely widespread in
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integrated circuits for impedance transitions, filtering,

broadband matching. etc.

In recent years, deep efforts have been devoted to the

development of accurate and effective characterization

techniques for this kind of discontinuity [1]-[4].

One of those approaches has produced closed formulas

[5], [6], which, however, solve formally but not substan-

tially the characterization task, mostly because of their

complicated frequency dependence.

An alternative approach has consisted of an equivalent

representation through almost fully frequency-indepen-

dent elements [7]. The achievable model, however, is

quite complicated and unfriendly to handle, resulting in

the inability to separate properly the ‘ ‘main” and the

“parasitic” effects of the actual structure.
The present contribution is intended to derive and test

some new equivalent circuits for rectangular microstrip

structures through a modelling that is tightly related to

their physical behavior, so allowing a better understand-

ing of the em. phenomena involved.

The circuits, which are derived from an effective planar

dynamic approach and are developed according to the

technique pioneered by [9], provide frequency-indepen-

dent equivalent elements, broadband validity and CAD-

oriented implementation.

In particular, the proposed equivalent circuits treat the

rectangular microstrip strttcture as either closely-spaced

(interacting) and apart (non-interacting) microstrip step-

discontinuities [8], or as double [10] or as single open

stub in shunt connection to the main line.

Moreover, although the use of each one would be ad-

visable where specific geometric ratios are met by the

structure, the derivation of the different equivalent cir-

cuits from the same electromagnetic approach assures an

intrinsic congruency in the provided results whatever the

structure’s geometrical parameters. This particular fea-
ture, among the others, has been checked and the corre-

sponding results are presented and commented.

II. THEORETICAL CHARACTERIZATION

A theoretical characterization based on the electromag-

netic behavior of the structures seems to be the best ap-

proach to obtain the desired accuracy in the simulation of

passive networks.

In recent years, in fact, several models have been pro-

posed [1], [2] and CAD programs have been presented or
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announced, all based on an electromagnetic approach. Al-

though often very rigorous, those methods seem often to

be quite complicated to use and implement.

On the contrary, the development of lumped element

equivalent circuits based on the electrclmagnetic approach

represent a proper merging of the required accuracy with

the availability of friendly tools, effectively usable in

practical circuit design and optimization and very easy to

relate to the physical geometry.

The new modeling, which fully meets those require-

ments, derives from the characterization of the rectangu-

lar microstrip structure in terms of a resonant mode field

expansion technique, described in [7], [11], [12].

According to this theory, the anal:ysis of a two port

planar microwave network likethe one depicted in Fig. 1

for a symmetrical case, can be performed evaluating, in

the rectangular domain, the orthonormalized set of eigen-

functions of the bidimensional Helmholtz equation with

homogeneous Neumann boundary conditions.

Under the hypotheses of negligible losses, evanescent

higher order modes on the connecting lines and line widths

much smaller with respect to the structure dimensions, the

following equation can be written for the impedance ma-

trix [Z] of the network:

[z] = 5 i [Zw,l]
~=()~=1)

where

[Zmn]= p
[

jtiph p;~l

rnn – U 2Wm, n Pm. ~Pm,,z

with

Pm., Pmn2~

(1)
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Fig. 1. A microstrip rectangular structure (symmetrical case).

‘n=sinw’w’)“)”
with b, 1 and W. effective dimensions of the rectangular

microstrip structure, evaluated after [13].

A. The Double-Step Discontinuity

The expressions (4), (5) for the [Z] matrix elements of

a symmetrical rectangular microstrip can be properly rear-

ranged as [8]:

[

japh ‘“ i3m
z,,=&=y~ z 2

rrf=o Iim,o — cI)2/’46M, o

(2)

mm
2&g ;+Z:z

1
= z,,, + z~ (7)

n=] m=o K~,2n — ~ 2wn, 2n

“’[
m

Z,* = .Z2, = J:g z Q.(–l)”

n=o K;, o — ‘2Wm,0

m (co
2&g;(- l)m

+X:z
1

= 212, + Z~ (8)
n=l ~=oK~,2fi — ~ 2Wm, 2n

1

!

where
P.nj = — ~.fl ds j=l,2 (3)

Wjeff $j

2A =
[

J%- j, i. K; 2n2y:\e2mZn
and sj the portion on the planar structure contour corre- m,

sponding to the j-port; !V~,. and K?,. the eigenfunction
262M+, g;

and the eigenvalue of the (m, n)-th mode; h the substrate +:ii~

thickness; ~j~ff the effective width of the jth line. More-
2

a=l m=() K2~+1,z~ — ~ p~2.m+l,2ti 1
over en,. is the effective perrnittivity of the (m, n)th mode = Zev + zo~
evaluated after [13].

(9)

Inserting (2) and (3) in (1) it is possible to obtain the

following specialized equations for the Z-parameters of a
z,= ‘Uvh’

[
~- ~~1 ~;. @m 2,;>:(,2M ,U

symmetrical structure (see Fig. 1):
.7— ‘~ 5 ‘2 2Q’;Z

J% 50 jj’o # 6“?:
‘d

z,~= 42 = (4)
n.=1 m=o K2m+1,2n — @ 1.E2m+l,2fl 1

m, — U Wm. 2n
= 2.. .- zo~ (lo)

Z,2 = Z2, = J% j. j. &’::;:;:2n
with Z~v and .zO,j, summations of all the terms having an

(5) even and odd ‘ ‘m” index, respectively.
m,

Finally, from 1(7)-(10):

“) ‘zI=[:: 21+[;21=[Z]+[Z’]“1)
where

K:,2~ = m2[(m/1)2 + (2n/b)21

(6)’ The corresponding [Z] matrix can be so considered as

the sum of two [.Z] matrices, one, the [Z]f matrix, corre-
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m
Fig. 2. Double step discontinuity represented in terms of two-port net-

works.

spending to the two-port representation for a microstrip

line of effective length 1 and width b, and the other one,

the [Z’ ] matrix, corresponding to a two-port network in

series connection to the first one (Fig. 2), that can be as-

sumed to represent the effect of the two interacting step-

discontinuities.

More precisely, the interaction between the two step

discontinuities has been taken into account through the Z~

term, which generalizes a previously proposed approach

to a similar problem, corresponding to the introduction of

some “parasitic elements” [14].
Fig. 3 shows the behavior of Z~ when widening the

rectangular microstrip dimension (1) for different trans-

versal size (b) and fixed substrate parameters. From those

plots it may be inferred how the simple case of non-inter-

acting discontinuities is represented when Z~ approaches

zero, that is when 2,, approaches ZOd.

B. An Alternative Approach

When the structure in Fig. 1 shows a stronger devel-

opment in the transversal direction (b >> 1) it can be

more effectively described as two open stubs in shunt con-

nection to a main line rather than as two (closely-spaced)

cascaded step-discontinuities. In this case an alternative

approach can be more effectively followed for its char-

acterization.

An improvement in the correspondence between theo-

retical model and physical geometry and an overall lower

circuit complexity can be so achieved.

The different model can be derived by a different rear-

ranging of the [Z] matrix element equations, able to point

out the contributions along the transversal direction (b)

instead of those along the longitudinal one (1) as in (7)–

(11).

The alternative approach has been also applied to the

structure in Fig. 4, which has been modeled as a single

open stub in shunt connection.

C. Double-Stub in Cross Connection

The Z(J expressions, rearranged for the structure in Fig.

1, provide [10]:

(12)

‘B
~=. 9.7
h= 0.0635 cm

b=2.5 cm

0.5 1 1.5 2 1(-

Fig. 3. Interaction degree between the two step discontmulties versus

structure geometrical dimensions (b, 1).

L-fl-%o

&

Fig. 4. Microstrip rectangular structure (single stub m tee connection).

[
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(15)

(16)
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(17)

where all the entries have the previously depicted mean-

ings,

The Z-parameters expressed throughl (12)-(17) are pre-

sented as sum of different contribution ns: 2= and Z~ are

summations of all the terms in (15)–( 116) having an even

and odd “m” index, respectively; 27 takes into account

the finite width of the structure feeding ponts; 2s is the

input impedance of two shunt stubs hawing characteristic

impedance 2., (width WO,) and length b/2.

D. Single-Stub in Tee Connection

The characterization based on the ‘“‘transversal direc-

tion” approach has been applied to thle structure in Fig.

4, by rearrangement of the [Z] matrix element expres-

sions removing the assumption of symmetrical structure

geometry in the longitudinal direction.

The Zij expressions thus become

(18)

where

K;,a = r2[(m/1)2 + (n/b)2] (20)

(20’ )

~. is the same as in (6)’ and

with 2., defined as in (14) and

(22)

(24)

being all the parameters as previously defined.

Z~ represents the input impedance of a single shunt stub

having characteristic impedance 20$ and length b, in shunt

connection with the main line of width Wo.

III. THE EQUIVALENT LUMPED CIRCUIT

The formulation (7)-(1 1) can be translated in an equiv-

alent circuit of the double step discontinuity, which shows

several interesting and effective features:

1)

2)

3)

4)

5)

It is derived from a planar approach that has been

demonstrated to be effective in many applications.

It is based on a dynamic approach, so to fully de-

scribe the frequency behavior of the discontinuities,

including their interaction due to the excitation of

higher order modes, thus overcoming the limits of

the quasi-static approximation.
The values of the equivalent components are prac-

tically not frequency-dependent, with the exception

for the obvious but very moderate dispersion effect,

thus avoiding the limited usefulness of already pro-

posed frequency dependent equivalent elements.

The frequency bandwidth of validity is much

broader with respect to similar previously proposed

models ancl it has the intrinsic potential for further

broadening, by adding more lumped element cells

to the model.

It is easy to be implemented in the presently avail-

able commercial packages.

Starting from the formulation (7)-(1 1), the overall two-

port network in IPig. 2 can be translated into the equiva-

lent circuit reported in Fig. 5(a), where Z,v and zOd (as

detailed in Fig. !;(b)) represent the series of parallel res-

onant LC cells anld of an inductance, the latter accounting

for the residual ,electromagnetic effects. The number of

LC cells depends on the frequency range of operation and

the specific structure geometry.

The elements of the resonant cells can be derived from

the Z.v and ZO~expressions contained in (9) and (10). The

following form results:

(25)
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Fig. 5. (a) Equivalent circuit of the network in Fig. 2 (b) Detad of the
Z,v and Z,,d blocks

where

and

where

(25) ‘

(25)”

(26)

(26)’

(26)”

Furthermore, the inductance in Fig. 5(b) consists of the

sum of all residual contributions in (25)’ and (26) which

are not directly taken into account in the model by LC

cells.

The model is evaluated at the center frequency of the

bandwidth where the structure behavior simulation or

optimization is needed.

The complexity of the model, in terms of number of

cells in the Z~v and ZOd blocks, for a given structure is

strictly dependent on its geometrical dimensions, the lat-

ter being related to the type and the finite number of modes

that properly describe the structure. Normally, only modes

having their resonant frequency as high as the upper limit

of the frequency bandwidth under consideration have to

be directly taken into account in terms of the correspond-

ing LC cells.

As an example, the equivalent circuit is reported in

Figs. 6 and 7 for two specific geometries, presenting the

same transversal dimension b = 1.5 cm and different lon-

gitudinal ones (1 = 0.68 cm and 1 = 0.9 cm respectively),

assuming an alumina substrate (~, = 9.7) 0.0635 cm thick.

The breakdown of the two lumped circuits is summarized

in Tables I and II respectively, detailing the composition

of the Z.v and.& blocks and the element values.

The lumped circuit of the 1 = 0.68 cm structure is eval-

uated at 7 GHz, which is about the midband frequency;

an equivalent length 1=~= 0.7 cm (WOl = 1.5 cm) has to

be considered for the transmission line between the dis-

continuities.

In the case of the 1 = 0.9 structure, the lumped ele-

ments are evaluated at 5 GHz; the equivalent line length

results to be le~ = 0.93 cm (WOl = 1.5 cm).

The alternative formulation ( 12)–( 17) also leads to an

equivalent circuit, presenting the discussed features and

advantages. In particular the model displayed in Fig. 8

results.

As for the step discontinuity equivalent circuit, also in

the present case the number of LC cells depends on the

working frequency range and the structure geometry,

while the inductance accounts for the residual electro-

magnetic effects.

The elements of the resonant cells can be derived from

the 2= and Z~ expressions contained in (15)-(16), result-
ing in

(27)

where

with

and

when q = y.

ph 2(1 – gl.)
L&z

K;, 2.

(28)’

(28)1)

(29)

(30)

(30)’
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Fig. 6. Step discontinuity equivalent circuit for a rectangular mlcrostrip structure with b = 1.5 cm and 1 = 0.68 cm.

-2Le1 TABLE I
BREAKDOWN OF THE EQUIVALENT CIRCUIT IN FIG. 6 FORTHE 1.5 X 0.68

cm STRUCTURE

First Cell Second Cell Residual
— — Inductance

L,(nH) C, (pF) L2 (nH) Cj (pF) LR (nH)

Zze, 0.1374 4.0758 0.0386 ‘ 4.2269 0.2567
4zod 0.3106 0.8708 — 0.4859

TABLE II
BREAKDOWN OF THE EQUIVALENT CIRCUIT IN FIG. 7 FORTHE 1.5 x 0.9 cm

STRUCTURE

First Cell Residual
— Inductance

L, (nH) C, (pF) LR (nH)

2Z., 0.1284 4.9281 0.2917
4zod 0,3059 1.140 0.3298

Wob ~q

Fig. 7. Step discontinuity equivalent circuit fora rectangular microstrip

structure withb = 1.5cmandl = 0.9 cm.

The alternative lumped circuit is applied to two rectan-

gular structures, difiering in the transversal dimension,

assuming a0.0254cm thick alumina substrate (e, = 9.9).

The two equivalent circuits aredisplayed in Fig. 9 fora

b =0.785cm x 1 =0.051 cmstructure and in Fig. 10

forab =0.353cm X 1= 0.051 cmstructure. In Tables

III and IV the detailed breakdown of the circuits are re-

ported respectively.
The lumped elements of the two circuits are evaluated

at 16 GHz. An equivalent length b,~/’2 has to be consid-

ered for the stubs; in the present case, b,~/2 = 0.397 cm

(WO, = 0.051 cm) and be~/2 = 0.185 cm (W,,, = 0.051

cm), respectively.

In Fig. 11 and ‘Table V the equivalent circuit schematic

and breakdown of the rectangular structure with b = 1.5

cm and 1 = 0.68 cm (0.0635 cm thick alumina substrate)

already considered in testing the step discontinuity model

are reported. The circuit elements are evaluated at 5 GHz

and bgq/2 = 0.772 cm has been considered (W., = 0.68

cm).

The formulation ( 18)–(24) for the rectangular structure

in Fig. 4, treated as single stub in shunt connection, leads

to the equivalent model displayed in Fig. 12 and expres-
sions for the cell elements that are identical to those de-

rived for the cross-junction formulation (27)–(30)’ when

replacing the “2n” index with “n”.

The lumped circuit is utilized for two different struc-

tures assuming a 0.0254 cm thick alumina substrate (E, =

9.9). The two circuits are depicted in Fig. 13 for a b =
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-2ZY

-2z~

2z~

2z~

o

beq/ 2

\
Vi’m , beql 2

\

(a)

(b)

Fig. 8. (a) Cross junction based equivalent circuit of the microstrip

rectangular structure. (b) Detail of the Z=, ZX, Z,, blocks.

Fig. 9. Cross junction based equivalent circuit for a rectangular microstrip

structure with b = 0.785 cm and 1 = 0.051 cm.

0.176 X 1 = 0.051 cm structure and in Fig. 14 for a b =
0.226 cm x 1 = 0.051 cm structure. In Tables VI and

VII the detailed breakdown of the circuits are reported

respectively.

The lumped elements of both circuits are evaluated at

LR

LR

L5R

‘D

be~ /2

Fig. 10. Cross junction based equivalent circuit for a rectangular micro-
strip stmcture with b = 0.353 cm and 1 = 0.051 cm.

TABLE III

BREAKDOWN OF THE EQUIVALENT CIRCUIT IN FIG. 9 FORTHE 0.785 x

0.051 cm STRUCTURE

First Cell Residual
Inductance

L, (nH) C, (pF) LR (nH)

2z~ — 0.0357

2z~ — — 0.1080

22, 0.0066 19.3602 0.0794

*L,, C, are the L,,,, Ch, (rI = o, e, T) symbols, referred to 2.,, Zod or 27,

respectively.

TABLE IV
BREAKDOWN OF THE EQUIVALENT CIRCUIT

IN FIG. 10 FORTHE 0.353 X 0.051 cm

STRUCTURE

Residual

Inductance
LR (nH)

2ZG 0.0365

2z~ 0.1099

22, 0.0853

16 GHz. The equivalent length b=qconsidered for the stubs

is O. 193 cm and 0.243 cm, respectively.

RESULTS AND COMMENTS

The proposed modeling of double step discontinuities

and the alternative approach for open stubs in shunt con-

nection has been experimentally tested through microstrip

rectangular structures realized on alumina substrate.

The simulation results, achieved by implementing the

equivalent circuit of the double step discontinuity into a

commercial CAD package (Touchstone@) are reported in

Fig. 15(a) and (b) for the 1 = 0.68 cm and the 1 = 0.9

cm structures respectively (in both cases b = 1.5 cm).

Those theoretical results are compared with the experi-
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Fig, 11

/
L ~ WO,, beqJ2

\

w ,,5,bc,l/2

Cross junction based equivalent circuit for the 1.5 X 0.68 cm rectangular microstrip structure.

TABLE V
BREAKDOWN OF THE EQUIVALENT CIRCUIT IN FIG. 11 FORTHE 1.5 x

0.68 cm STRUCTURE

First Cell Second Cell Residual
Inductance

L; (nH) Cl (pF) L, (nH) C, (pF) L. (nH)

2ZG – — . — 0.2920

2z~ 0.1466 3.5336 0.1553 1.7417 0.2674

2Z, 0.0064 84.3732 0.0059 13.7205 0.0230

ments carried out on the alumina samples (0.0635 cm

thick substrate, with e, ,= 9.7) and with the simulation

data based on the Touchstone@ “instep” model (Fig.

15(a)).

The comparison between simulations and experiments

has also been performed by adopting the alternative model

for shunt-connected open stubs. The results are displayed

in Figs. 16 (a,b,c) for the b = 0.785 cm x 1 = 0.051 cm

structure, the 0.353 x 0.051 cm one (0.0254 cm thick

substrate with q. = 9.9) and the above b = 1.5 cm x 1

= 0.68 cm structure. In Fig. 16(c) the simulation results
are also compared with those based on the Touchstone@

“recross” model.

A further comparison between theo]y and experiments

is reported in Fig. 17(a) and (b) testing the tee junction

based model for the b = 0.176 X 1 = 0.051 cm structure

K/
b eq

(a)

z;, z~, z~
(b)

Fig. 12. (a) Tee junction based equivalent circuit for a rectangular mi-

crostrip structure. (b) Detail of the Z.. Z,,4Z+ block.

and the b = 0.2’26 x 1 = 0.051 cm one (0.0254 cm thick

substrate with E, = 9.9).

The examples here reported show a good agreement

with the experimental results in wide frequency ranges
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Fig. 13, Tee junction based eqmvalent circuit for a rectangular mlcrostrip

structure with b = O. 176 cm and 1 = 0.051 cm.

Fig. 14, Tee junction based equivalent circuit for a rectangular microstrip
structure with b = 0.226 cm and 1 = 0.051 cm.

TABLE VI

BREAKDOWN OF THE EQUIVALENT CIRCUIT
IN FIG. 13 FORTHE O.176 x 0.051 cm

STRUCTURE

Residual
Inductance

L. (nH)

z .“ 0.0188

z<~ 0.0600

z+ 0.1083

TABLE VII

BREAKDOWN OF THE EQUIVALENT CIRCUIT IN FIG. 14 FOR THE 0.226 x
0.051 cm STRUCTURE

First Cell Residual
Inductance

L, (nH) C, (pF) L, (nH)

z,, 0.0185

z 0.0587

z: 0.0194 2.4989 0.0829

and for various structure size. On the contrary, many

models—in particular some of those included in commer-

cial software as depicted in Figs. 15(a) and 16(c)—are

$21 (dB)

0“000-

-20.00
~\. 19 [1

\\
I

\ III

_40.00M
2 7

(a)

m/0“ \
//

~d

(

.. ./”
----- ._._.-

-l-l&cm‘1“c”m
.5, =9.7 -

0.68 Cn
h ..0635 Ca

I I
FREO(GHZ) 1?

o.

-25

. ..~
5.000 FREQ(GHz) 8.OrM

(b)

Fig. 15. Comparison between experiments and theoretical simulations via

the step discontinuity model for: (a) 1.5 x 0.68 cm structure; (b) 1.5 x
0.9 cm structure.

acceptable in accuracy when the rectangular microstrip is

narrow in width but become extremely poor for wide

transversal dimensions especially in the higher frequency

region [12].

The noticeable flexibility of the proposed approach de-

rives from the equivalent circuit independence on the

structure geometty. This implies that both the step-dis-

continuity and the cross-junction model can be adopted

for a given structure, bringing to different equivalent cir-

cuits but to the same simulation results. This appears to

be a particularly important feature, especially in a ge-

ometrybased optimization routines. It is well known, in

fact, that the possible achievement of non-meaningful pa-
rameter values, due to an unadvised overcoming of the

validity range of the used models, represents one of the

limits of commercial CAD software packages.

The congruency of the simulations performed through

the use of two different equivalent circuits corresponding

to the same structure (b = 1.5 cm, 1 = 0.68 cm), consid-

ered as a double step discontinuity and as a double stub

in shunt connection, is pointed out by comparing the the-

oretical results reported in Figs. 15(a) and 16(c).

In practical cases the structure geometrical ratio (l/b)

may advise the use of either one of the two models, op-

timizing model effectiveness and simplicity. The step-dis-
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Fig. 16. Comparison between experiments and theoretical simulations via
the cross junction based model for: (a) 0.785 X 0.051 cm and (b) 0.353
x 0,051 cm (experiments courtesy from EESOF); (c) 1.5 x 0.68 cm struc-

tures.

continuity model could be more properly used when geo-

metrical ratio Z/b is lower than 1/2.

An additional feature which arises from using the pro-

posed models consists of a noticeable enhancement in the

computational speed. In fact, while the modal analysis

implementation normally requires the evaluation of sev-

eral tens of modes at each frequency, the lumped element

equivalent circuit is evaluated at only ii single frequency,

through the use of the same number off modes, and then
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Fig. 17. Comparison between experiments (courtesy from EESOF) and

theoretical simulations in the tee junction based model for: (a) 0.176 x

0.05 I cm structure; (b) 0.226 X 0,051 cm structure.

swept in frequency to perform a broadband simulation.

The computation time can be reduced by at least an order

of magnitude, without a significant reduction of the

achievable accuracy.

V. CONCLUSION

The newly developed modeling of the discontinuities

introduced by a microstrip rectangular structure allows the

overcoming of g,eometry and frequency limitations or poor

accuracy of both past approaches and most of the pres-

ently available Inodek.

A number of features characterize the proposed models,

such as the simple and designer-oriented approach, the

flexibility, the computational time saving.

The proposed further modelling for double shunt con-

nected open stubs, which can be used as an alternative to

the step discontinuity one to match different structure di-

mensions, always brings to the same results as the other

one when simulating the same structure.

The approach can be utilized also for single shunt con-

nected stubs.

Experiments fully confirm the effectiveness of the pro-

posed modelling approach and propose it as useful tool in

the design of microwave and millimeter-wave monolithic

integrated circuits.
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