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COMMUNICATIONS.

SOFTWARE FOR MICROWAVE
DEVICE MODELS IDENTIFICATION

Michal Klasovity — Martin Tomaska —
Jaroslav Kovaé — Frantisek Uherek *

In order to improve and accelerate the microelectronic device models identification, the S-parameter simulation software
— SOPT was developed. It uses an unconventional but effective method for the simulation of S-parameters. This method
allows to calculate S-parameters related to the real as well as complex reference impedances, which can be different on each
port of the simulated circuit. The simulated circuit is optional, given by an input text file. The SOPT software includes
effective optimization routines for identification of the equivalent circuits from S-parameter measurements of a given device,

measured in a wide frequency range.

Keywords: microwave measurements, model identification, optimization, scattering parameters, SOPT simulator,

S-parameter simulation software

1 INTRODUCTION

Simulation is a very effective approach for the de-
sign of complex electronic systems. However, simulation
of high frequency electronic devices needs reliable mod-
els applicable in a wide frequency range. The develop-
ment of S-parameters simulation software was motivated
by the requirement to construct a fast and reliable in-
strument for automated SPICE models identification by
employing S-parameter measurements. This article de-
scribes a simulator of scattering parameters, which is the
base part of the SOPT model identificator. It uses meth-
ods for composition of the complete admittance matrix,
its simplification and recalculation to one-port, or two-
port microwave S-parameters. The topological structure
of the simulated device is described by the input text
file (netlist). The netlist can be composed from unlimited
amount of basic elements like passive structures, lossy
transmission lines, voltage controlled current sources etc.
The program includes effective optimization algorithms
for extraction of the small signal device model parame-
ters from the S-parameters, measured in a wide frequency
range. The basic program function, commands descrip-
tion and a simulation example are described below.

2 BASIC OPERATION PRINCIPLE

The calculation of the scattering parameters passes in
several steps. First, the topological structure of the input
circuit together with the simulation control commands is
loaded from the input text file. The elements from a text
file are transformed into the list of corresponding data
structures (device list), which permits easier processing in
opposite to the text representation. During this step the
tests for erroneous connections (for example connection

of element terminals into the same node) are tested and
a lexical correctness of the control commands is verified,
too.

After that the complete admittance matrix (Y-matrix)
is created from the device list. Dimension of the created
Y-matrix is the same as the number of nodes in the cir-
cuit. Y-matrix was used for network representation and
S-parameters calculation because it can be directly gen-
erated from the netlist by employing the published al-
gorithm [1]. In this step the error check of the floating
nodes in the circuit is verified, too. If the error check of
the simulated circuit passes successfully, then the com-
plete Y-matrix is reduced to a matrix with dimension
1x1 (1-port simulation) or 2x 2 (2-port simulation). The
pivot condensation method was successfully employed for
this purpose [2].

In the last phase the reduced Y-matrix is transformed
to the S-matrix by using one-port (1) and two-port (2-5)
transformation equations, derived independently of liter-
ature:

_ 1/Y — Zg 1)
1/Y + Z, '
(1- Z;lyu)(l/Zgg +Ya2) + Z;1Y12Y21

S = 2
T+ Zp1Y11)(1/Zg2 + Ya2) — ZnY12Yor @
Sip =
~Y12(1 + Z;1/Zgl) Rep{Zgz} (3)
(1/291 + Yn)(l -+ ZgQYQQ) = Z92Y12Y21 Rep{Zgl}
So1 =

~Yo1(1+ Z}5/Z42) Re{Zy:} @
(1+ Z1Y11)(1/Zg2 + Ya2) — Zg1Y12Ya1 || Re{Zg2})
Sy = (1= Z3,Y2)(1/Zg1 + Y1) + Z55Y12Y01
(14 Zg2Y22)(1/Zg1 + Y11) — Zg2Y12Y21
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Fig. 1. Schematic diagram of MESFET

small-signal model with node numbers.

Table 1. MESFET small signal model parameters calculated from the measured S-parameters.

Parameter R, Ry R, Ry R; Ly Ly Lig Caa Cgs | Cus G C;

Minimum [0.1mQ|1,mQ|{1,mQ| 1, mQ [0.1mQ|0.1pH |0.1pH |0.1pH | 1{F 1ff |1fF| 1mS | 1fF
Maximum | 1kQ | 1kQ [ 1kQ | 1k | 1kQ | 5nH | 5nH | 5nH | 1pF 1pF |1pF|100mS |10 pF
Start Value| 1000 1009 (1009 | 100Q | 0.19 |[100pH |100pH | 100pH | 40fF | 40fF |40fF| 10mS |0.1pF
Final Value| 3.16Q |5.76 Q|2.64Q(255.4Q| 1.39Q |30.9pH|46.3pH|17.2 pH |24.4{F |308.1 fF'|64 fF'|41.7mS|1.7 pF

where I' is the one-port reflection coefficient, Y is
the one-port load admittance, S;; are simulated S-pa-
rameters, Yj;, are admittance parameters of the simu-
lated circuit and Z;, Zg1, Zgo are complex reference
impedances at appropriate ports.

In complete simulation the Y-matrix must be com-
posed, reduced and recalculated to the S-matrix for each
frequency point, hence these steps were optimized in or-
der to reduce the computational time.

3 SMALL SIGNAL DEVICE MODEL
IDENTIFICATION ROUTINES

The SOPT software creation was motivated mainly by
the effort to simplify identification of the SPICE device
models from S-parameter measurements. Two effective
optimization methods were implemented into the pro-
gram for this purpose: the simplex optimization method
[3] and the genetic algorithm [4] with two different kinds
of selecting operators (the roulette wheel selector and the
tournament selector). These algorithms were chosen and
implemented due to their robustness and insensitivity to
local extremes. The identified model topology is defined in
the netlist. The netlist must also contain the definition of
the sought variable model parameters and specification of
an input file containing the measured S-parameters which
correspond to the modelled device. The main goal of the
optimization process is to change the variable model pa-
rameters by a chosen optimization algorithm in order to
minimize deviation between the measured and modelled
S-parameters. This deviation is expressed by the cost

functions (6) for a one-port device and (7) for a two-port

device:
N
1 ITari — Ll
AT .. 6
Q1 N ; o] (6)
1 ( [S11:mi — S1icil [S12ni — S12¢i]
= W114 + w124
@ N; = |S110i ] = |S120mi]
[S2105 — So1¢i] |S22015 — Sa2ci]
g |n L
+um e g e SR, (1)

where N is the number of measured frequency points,
w; and wjk; are the weight coefficients advancing S-pa-
rameters in a specific frequency range, Iy, iy Sk
and Sjic; are the measured and computed S-parameters
at appropriate frequency point ¢. The optimal solution,
when the chosen device model best approximates the
measured data is at the global minimum of the cost func-
tion (6) or (7).

4 CIRCUIT TOPOLOGY DEFINITION AND
SIMULATION CONTROL COMMANDS

The netlist syntax is similar as used in the HSPICE
simulator. Up to now five basic device models have been
implemented in the actual program version: a resistor,
a capacitor, an inductor, a lossy transmission line and
a voltage controlled current source. However, other basic
element models may be simply added into the SOPT pro-
gram. The program contains also commands for simula-
tion frequency range specification, output results format
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Fig. 2. Measured and simulated S-parameters of MESFET a) magnitude, b) phase.
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Fig. 3. Measured and simulated S-parameters of MESFET shown in a) Smith chart, b) polar chart. Frequency points are marked in the
range 500 MHz — 25.5 GHz with the step of 1 GHz by arrows.

selection, optimization setup etc. Detailed description of
the circuit topology definition, simulation control com-
mands and other important information may be found at
the web page [5].

5 APPLICATION EXAMPLE

As an example, MESFET small-signal model iden-
tification is performed. The schematic diagram of the
used model is shown in Fig. 1. This includes thirteen
unknown model parameters calculated from the mea-
sured S-parameters in the frequency range 500 MHz up to
25.5 GHz with step of 500 MHz. The key task of the sim-
ulation process is an error free netlist creation [5]. This
can be written in an optional text editor or directly in
the SOPT environment. For the simulation example 1355
iteration steps were needed to find the unknown model
parameters. The initial values, boundary conditions and
final results are summarized in Tab. 1. The magnitude
and phase of the measured and calculated S-parameters,

drawn by the software in rectangular charts as well as
in Smith and polar charts are shown in Fig. 2a,b and
Fig. 3a,b. The maximal deviation between the measured
and simulated S-parameters is lower than 0.2 dB for mag-
nitude and 2 degrees for the phase in the frequency range
500 MHz — 18 GHz. The measurement test set error in the
specified frequency range is higher than the maximal devi-
ation between the measured and simulated S-parameters.
For frequencies over 18 GHz the deviation between the
measured and simulated coefficient Ss1 exceeds the test
set measurement error.

6 FUTURE DEVELOPMENT

Another important basic element models will be im-
plemented into the program in the future (for example
the lossy transmission line with skin effect and dielectric
material polarization consideration). The SOPT program
will be extended by routines for automated large signal
SPICE device models extraction.
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7 CONCLUSION

The internal structure, properties and an applica-
tion example of the S-parameter simulator have been
described. The presented software allows to calculate
S-parameters in the specified frequency range. Simu-
lated S-parameters can be related to complex reference
impedances, which need not to be the same at all ports.
However, the main program feature is the ability to
identify a small signal device model from microwave S-
parameter measurements. Progressive optimization meth-
ods implemented in the program ensure robustness, relia-
bility and insensitivity to local extremes. Correct program
function was tested by identification of a small signal
MESFET model. Simulated results proved the correct-
ness of the used methodology. The maximum deviation
between the measured and simulated S-parameters is un-
der the measurement precision of the test equipment up
to 18 GHz. The extracted small signal MESFET model
is valid in the specified frequency range. The program is
used for research and educational purposes.
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