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ABSTRACT A efficient technique for implementing

A new and simple technique for implementing Microwave and MMIC circuits and components into
microwave andMIMIC circuits and components into  SPICE-type transient simulator will be presented.
a general purpose time-domain simulator, such asThe developed technique is based in a generalization
SPICE, will be presented. Thewtloped technique ©Of the Method of Characteristics, and it is an
is based in a generalization the Method of €xtension of previous works in the field of modeling
Characteristics and use the S-parameters as onlyof non-uniform multiconductor transmission lines
requirement to obtain the model, which is composed®l. and as will be shown in this communication, it
by input impedances and voltage controlled voltageN@s been successfully applied to model MMICs
sources, both frequency dependent. These controlle§0mponents and microwave circuits. The starting
generators can be easily implemented into SPICEP0iNt of the developed technique is the knowledge of
using the Analog Behavioral Modelling. The Scattering parameters. This frequency domain data,
technique will be validated by comparisons betweendathered from simulation or measurements are used
measured S-parameters and those obtained witd0 implemented a model SPICE-compatible with

developed model. only frequency-dependent input impedance and
voltage controlled voltages sources, whose gains and
INTRODUCTION phases are dependent on the frequency. These

controlled generators can be easily implemented into
SPICE using the Analog Behavioral Modelling
option. The examples presented will validate the
proposed technique.

One of the major problems with time-domain
analysis is the inability to utilizaccurate frequency-
domain descriptions of linear distributed and active
elements, which form such an important part of any
high-frequency circuit design. These descriptions
need to include important effects such as loss and _ BA_SIC PRINCIPLES _
dispersion. Direct modeling of distributed linear ~ The starting point of the developed model, consist
components within a time domain simulator is Of finding the functional relations between the S
limited only to simple idealized components. parameters of the linear circuit and the input

Much work has been carried out on building impedances, i&s), and the frequency-dependent
suitable  time domain, SPICE compatible Voltages .sources;(s), which form the model, as is
descriptions. In general, these works have beershow in Fig.l. In order to find these relations, we
oriented to describe components either by the@ssume that the S-parameters of the circuit whit a
development of SPICE compatible equivalent circuit total of n ports are know from measurements or
[1] [2] [3] or by convolution-based techniques [4] Simulations. ) o
[5]. First can involve complex equivalent circuits and ~ According to the generalized characteristics
are impractical in cases such as interconnectmethod the circuit can be described by the equation:
networks surrounding a pin grid array package or V=ZI+E=ZI+F [V + Z\] Q)
microwave components and circuits. The other use

frequency domain data but are also limited to sim IeWherez 's a diagonal matrix of impedances, whose
4 ya ; o TR P elements, {s), are the input impedances in each
structures like a single transmission lines.
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Fig.1. The generalized characteits model of am-ports circuit.

port with the others ports matched, aBdis the — (1 _coylrs.* 4)
vector which contains the frequency-dependent Z=(a-S)" [Zn + SZ0]
voltage waveform generators, as is show in the R a1 (5)
model of Fig.l. The matri¥ is a propagation matrix, F=R(l.-%)7(S-3)R

whose elements, ;8), simulate the delay and theith elements of the previous matrices are given
attenuation of signal propagation betwednandjth by:

ports. Zui+ S Z;
To obtain these relationships between the S- Z; :1_— (6)
parameters of the circuit and the(sJ and F(s) S
functions, we substitute in the definition of the
generalized scattering matrix S of the n-port network F = R(Zw) § 7)
the vectorsa andb in terms ofV andl, according to : R(Zy) 1-S
the definitions of complex power waves [7]. So, the .
next relationship is obtained: _ Therefore, frequency-dependent input
. impedances, £s), and the voltage controlled voltage
(R - SR)V = (RZy + SRZ)l (2)  sources, Hs) = R(s) [V; + Zy I], whose gains and

phases are dependent on the frequency, must be
implemented in accordance whit [8]. In th@posed
technique, the Analog Behavioral Modelling option
is used to implement these controlled sources. In
general, for most microwave circuits the normalizing
N impedances are 80, therefore the equations (6) and
V={1n-S) [Zn+ SZn]}H + 3) (7) are notably simplified.

+{R'(In - S)'(S - S)RHV + Znl}

In this way, if we compare the equation (1) whit
(3), we can obtain the values of matricesindF of
the characteristic formulation in terms of scattering
matrix S and the normalization impedances matrix
Zn. The following result are obtained:

If we split the matrix S in a diagonal mati$ and
another matrix S; which contains the rest of
elements, that is to s&/ = S + S, the equation (2)
after some algebraic manipulations can
reformulated in this way:

EXAMPLES

To illustrate the advantages and the effectiveness
of this method we give two representative examples:
the modeling of a MMIC MESFET transistor and a
microwave low pass filter.

In the first example, S-parameters of MESFET
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model for device whit 4 gate fingers for F20 process CONCLUSIONS
of GEC-MARCONY foundry are compared whit A npew and simple technique, which allows

those obtained by the developed model. The figure Zncorporate microwave and MMICs components and
show the comparison between the S-parametergjrcuits into SPICE program, has been developed.
(magnitude and phase) of the foundry model (') andrhe use of scattering parameters permits greater
those obtained whit the proposed technique (+).  generality of the technique yielding a flexible
The second example involves the obtaining of thetransient time-domain simulator capable to simulate
model by the proposed technique for a microwavefrequency dependent phenomena so important in
eight poles Chebyshev low pass filter. The filter haspmiCs and high-speed digital circuits. Simulated
been fabricated in a microstrip substrate whit 2,2 examples validate the technique by comparison
and h = 0,635 mm. This filter has been measured ihetween measurements and SPICE model.
an HP8610 Network Analyzer. Figure 3 compare the
measured S-parametersy 8nd $;, (-') whit those ACKNOWLEDGMENTS
obtained whit SPICE (‘+). In both cases, simulations  This work was supported by the projects TIC/96-

and measurements are in excellent agreement. 0724-C06-01 and ESP/95-0612 of the National
Board of Scientific and Technological Research
(CICYT).
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Figure 2. GEC-MARCONI foundry transistor (*-* equivalent circuit, ‘+’ model obtained)
a) S1b) S2,c) Si1and d) & parameter.
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Figure. 2. Eight pule Chebyshev low pass filter (- measured data, ‘+' simulated data)
a), b) Magnitude and phase of S11 and S21 parameters.
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