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ABSTRACT

RF Passive components are used in the design of RF blacks as‘well,as in system level integration. The
efficient and accurate analysis of these components is required in order,to meet the RF block or system
level performances. | had studied the modeling of RE,passive components for. fast analysis approaches.

I had studied and developed a prototype design'to simulate RF circuits in Pspice. The aim was to develop
a functionality to simulate a RF block in Spice simulator. Following issues were considered in this
simulation

i. S-parameter file compatibility with spice simulator

ii. Synthesis and analysis of matching.circuits

iii. Modeling of passive componénts

S-parameter file compatibility with spice simulator:

For the circuit design | had considered system level LNA block and made it compatible with spice format.
The S-parameter file for LNA was not directly compatiblegwith the spice format. An approach was
investigated and a'translator was developed to-make itispice compatible. Hence a generalized code for N-
port S-parameter file conversion tospice format was developed.

INTRODUCTION

Demand for low, cost RF simulation is very much the need of hour. A prototype for simulating S-
parameters in Pspice was developed and tested for this purpose. The S-parameter simulation in
Pspice is made passible using Analog Behavioral Modeling (which is a new add on in spice),
together with the S-parameter sub-circuit, we are able to generate the S-parameters of the circuit.
The simulation however, regquires the S-parameter file (touchstone format) of any device (e.g.
transistor, LNA, filter ete.),; which is then decomposed into frequency tables (using a
programming code that was developed as a part of the prototype) that Pspice understands. So, the
model or the black box whatever you may consider now has the frequency table inside it to
realize that particular device.
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Concept of Analog Behavioral Modeling in
Pspice

Figure 1.1 Black box'model. for twos-port S-parameter file.

In the similar manner you canavesanalog behavioral models of various devices and they could
be connected in a meaningful way to form a circuit and the S-parameter response of the entire
system could be analyzed inthis way.

WHAT ARE SCATTERING PARAMETERS?

Scattering parameters or S-parameters are properties that describe the electrical behavior of
linear electrical networks when undergoing various steady state stimuli by small signals.They are
members of a family of similar parameters used in electronics engineering, other examples
being: Y-parameters, Z-parameters, H-parameters, T-parameters or ABCD-parameters.They
differ from these, in the sense that S-parameters do not use open or short circuit conditions to
characterize a linear electrical network; instead matched and unmatched loads are used.
Moreover, the quantities are measured in terms of power.

Many electrical properties of networks or components may be expressed using S-parameters
such as gain, return loss, voltage standing wave ratio (VSWR), reflection coefficient and
amplifier stability. The term 'scattering’ is more common to optical engineering than RF
engineering, referring to the effect observed when a plane electromagnetic wave is incident on an
obstruction or passes across dissimilar dielectric media. In the context of S-parameters, scattering
refers to the way in which the traveling currents and voltages in a transmission line are affected
when they meet a discontinuity caused by the insertion of a network into the transmission line.
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This is equivalent to the wave meeting impedance differing from the line's characteristic
impedance.

Although applicable at any frequency, S-parameters are mostly used for networks operating at
radio frequency (RF) and microwave frequencies. S-parameters change with the measurement
frequency so this must be included for any S-parameter measurements stated, in addition to the
characteristic impedance or system impedance. S-parameters are readily represented in matrix
form and obey the rules of matrix algebra.

Historically, an electrical network would have comprised a 'black box' containing various
interconnected basic electrical circuit components or lumped elements such as resistors,
capacitors, inductors or transistors. For the S-parameter definition, it is understood that a network
may contain any components provided that the entire network behaves linearly with incident
small signals. It may also include many typical communication system components or 'blocks'
such as amplifiers, attenuators, filters, couplers and equalizers provided they are also operating
under linear and defined conditions.

An electrical network to be described by S-parameters may have any number of ports. Ports are
the points at which electrical currents either enter or exit the network. Sometimes these are
referred to as pairs of 'terminals so for example a 2-port network is equivalent to a 4-terminal
network, though this terminology is unusual with S-parameters, because most S-parameter
measurements are made at frequencies where coaxial connectors are more appropriate.

The S-parameter matrix describing an N-port network will be square of dimension 'N' and will

therefore contain N%Iements. At the test frequency each element or S-parameter is represented
by a unitless complex number, thus representing magnitude and angle, or amplitude and phase.
The complex number may either be expressed in rectangular form or, more commonly, in polar
form. The S-parameter magnitude may be expressed in linear form or logarithmic form. When
expressed in logarithmic form, magnitude has the "dimensionless unit" of decibels. The S-
parameter angle is most frequently expressed in degrees but occasionally in radians. Any S-
parameter may be displayed graphically on a polar diagram by a dot for one frequency or a locus

for a range of frequencies. If it applies to one port only (being of the forﬁnn), it may be
displayed on an impedance or admittance Smith Chart normalised to the system impedance. The

Smith Chart allows simple conversion between thgnparameter, equivalent to the voltage
reflection coefficient and the associated (normalised) impedance (or admittance) 'seen’ at that
port.

The following information must be defined when specifying any S-parameter:
(1) The characteristic impedance (often 50 Q).
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(2) The allocation of port numbers.
(3) Conditions which may affect the network, such as frequency, temperature, control voltage,
and bias current, where applicable.

THE S-PARAMETER SUPPORT IN PSPICE

As of now there is no methodology present within Pspice to measure the S-parameters. Using the
S-parameter subcircuit (explained in 1.8) we can calculate both the transmission (S21 and S12)
and reflection (S11 and S22) parameters of a given circuit.Inamicrowave and RF design work, a
Pspice subcircuit whose S-parameters are defined as tablesfis also useful; the data corresponds to
that provided by many manufacturers for microwave transistors and other microwave devices.
The Pspice envorinment understands the S-parameter files provided if they are supplied to it in
the form of the frequency tables for each scattering parameter separately i.e. if we want to
measure the S-parameter of a two port netwerk; then Pspice must'be provided with S-parameter
file consisting of four frequency tables for'S11, S12, S21, S22 separately.

The frequency tables are in general available,in many formats like citi format touchstone format
etc. In our implementation in Pspice we will however restrictyourselves to touchstone format
only. Again the touchstone format falls,under three main types viz.

1) frequency, magnitude, phase
2) frequency, magnitude(dB), phase

3) frequency, real, imaginary

All the ‘above types have ‘een, taken int@ account in the implementation.The first step in the
process is t0 read the *.snpfile, provided-and convert it into *.lib file which the Pspice
understands. The VC++ program basically reads the *.snp file and then breaks the single large
frequency table of the S-parameters into separate frequency tables each for a particular S-
parameter.The outputis then written into a *.1ib file.

Pspice then creates a model"(with the same name as the file name) out of the *.olb file .(the *.olb
file is generated from the *.lib file). The model is then attached in the schematic to measure the
S-parameters.However,one should bear in mind that Pspice would require n number of
schematics for a n-port network’s S-parameter measurement.

ANALOG BEHAVIORAL MODELING
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In the good old days, to model a simple LOG function, you reached for a diode from the SPICE
tool shed and embarked on synthesizing the log function. More complex functions required
deeper math and device theory knowledge. So, we used to spend more time developing and
debugging the math function than actually using it in your system or circuit. But now, SPICES’s
added capabilities — analog functions, have greatly simplified and extended the available
modeling power.

Two Types of Modeling

Modeling devices or systems in SPICE falls into two general categories: structural and
behavioral.

e STRUCTURAL MODELING: For_every component inithe actual circuit (resistor,

capacitor, diode, etc.), there’s cofresponding component “in the SPICE model. The
structure of the actual circuit is preserved in the SPICE circuit.
BEHAVIORAL MODELING: The behavior of several components (typically grouped
as functional block) is modeled by various,SPICE devices. The SPICE model may bear
little resemblance to thesactual circuit.“The focus is on the input/output relationships of
the block.

If accuracy is desired than structural modeling is the way to_go. Almost every circuit component
and its effect is accounted for.n\However, generating the actual circuit may be difficult, time
consuming, and SPICE run time grow painfully-longsfor larger circuits. Behavioral models, on
the other hand, describesa functional block with relatively few components, making simulations
zip alopgymuch faster. On the downside, seme secondary circuits effects may be lost, popping up
in actualeireuit performance.

REVIEW OF STUDIES

Digital Object Identifier:y10.1109/TMTT.2002.803431
Date of Current Version:{10 December 2002
Sponsored by: IEEE Microwave Theory and Techniques Society

DISCUSSION

The one of the major limitation in Pspice envorinment is that it requires N number of test
benches/schematics for measuring the S-parameter of a N port network. However, one could
implement switches to change the source and load positions and thus we could implement this
entire prototype design within a single schematic. Another notable limitation with Pspice is that
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it gives augmented values of the phase.It has been noticed during our course of experimentation
that for the reflected coefficients of the S-parameters Pspice adds an additional phase of 360° to
that particular phase part where ever there is a change of sign in comparision to the first value of
phase in the table and the phase in this case remains less than 360° respectively.However,for the
transmission coefficients of the S-parameters Pspice adds an additional phase of 360° to the
phase part from then on in cycles where ever there is a change of sign in comparision to the first
value of phase in the table and the phase in this case would exceed 360°.

The coversion program suffers from the fact that it will be able to,handle only upto nine ports on
account that the from ten ports on the extention *.snp would be of four characters which is not
permissible in the windows envorinment.
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