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Purpose
Library

Description

gdin |>Dutl

Araplifier

Model amplifier in RF systems
Elements

Use the Amplifier block to model a linear or nonlinear amplifier, with
or without noise. Defining the amplifier gain using a data source

also defines input data visualization and modeling. Use the Main

tab parameters to specify amplifier gain and noise using data sheet
values, standard s2p files, S-parameters or circuit envelope polynomial
coefficients.

The amplifier is implemented as a polynomial, voltage-controlled
voltage source (VCVS). The VCVS includes nonlinearities that are
described using parameters listed in the Nonlinearity tab. To model
linear amplification, the amplifier implements the relation V_ , = a,*V,
between the input and output voltages. The input voltage is V;(?) =

A (e, and the output voltage is V,(¢) = A (¢)elt at each carrier w =
21f in the SImRF™ environment.

Nonlinear amplification is modeled as a polynomial (with the
saturation power computed automatically). It also produces additional
intermodulation frequencies.



Amplifier

Dialog
Box and
Parameters

Main Tab

-

Block Parameters: Amplifier @

armplifier

rodel a linear or nonlinear amplifier,

rain Monlinear ity

Source of amplifier gain: |Mailable power gain - |

Available power gain: a |dE—*|
Input impedance (chms): 30

Output impedance (chms): 50

Hoise figure (dB): a

¥ Ground and hide negative terminals

Ok, H Cancel || Help dpphy

Source of amplifier gain
Specify the source parameter of the amplifier gain as:

e Available power gain — Available power gain parameter
is used to calculate the linear voltage gain term of the
polynomial VCVS, a,. This calculation assumes a matched load
termination for the amplifier.

® Open circuit voltage gain — Open circuit voltage gain
parameter is used as the linear voltage gain term of the
polynomial VCVS, a;.
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® Data source — Linear voltage gain term of the polynomial
VCVS is calculated from the specified data source options:

S21

a1 =
1 1+811

for the maximal value of S,,.

When using the data source option, S;; and S,,, are used as the
input and output impedances. The data sources are specified
using either Data file or Network-parameters or Rational
model, depending on the value of Data source.

® Polynomial coefficients — The block implements a
nonlinear voltage gain according to the polynomial you specify.
The order of the polynomial must be less than or equal to 9.
The coefficients are ordered in ascending powers. If a vector
has 10 coefficients, [a,,a,,a,, ... @], the polynomial it
represents is:

Vout = aO + al‘/in + aZ‘/inz oot a9‘/in9
where a, represents the linear gain term, and higher-order
terms are modeled according to [2].

For example, the vector [a,,a,,a,,a,] specifies the relation
V,=a,+a,V,+a,V,2+a,V,2 Trailing zeroes are omitted. If a,
=0, then [a,,a,,a,] defines the same polynomial as [a,,a,,a,,
0]. The default value of this parameter is [0,1], corresponding
to the linear relation V, = V..

The default value of this parameter is Available power gain.

Available power gain
When you set the Source of amplifier gain parameter to
Available power gain, you can specify the available power
gain of the amplifier. Specify the units from the corresponding
drop-down list.
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The default value of this parameter is 0 dB.

Open circuit voltage gain
When you set the Source of amplifier gain to Open circuit
voltage gain, you can specify the open circuit voltage gain of the
amplifier. Specify the units from the corresponding drop-down
list.

The default value of this parameter is 0 dB.

Input impedance (ohms)
When you set the Source of amplifier gain to Available
power gain, Open circuit voltage gain, or Polynomial
coefficients, you can specify the scalar input impedance of the
amplifier.

The default value of this parameter is 50 ohms.

Output impedance (ohms)
When you set the Source of amplifier gain to Available
power gain, Open circuit voltage gain, or Polynomial
coefficients, you can specify the scalar output impedance of
the amplifier.

The default value of this parameter is 50 ohms.

Data source
When you set Source of amplifier gain to Data source,
you can specify the data source as either Data file or
Network-parameters or Rational model.

® Data file — Name of a Touchstone file with the extension.s2p
. The block ignores noise and nonlinearity data in imported
files.

® Network-parameters — Provide Network parameter data
such as S-parameters, Y-parameters, and Z-parameters
with corresponding Frequency and Reference impedance
(ohms) for the amplifier.
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® Rational model — Provide values for Residues, Poles, and
Direct feedthrough parameters which correspond to the
equation for a rational model

F(s):[z i +D], s = jorf

k=1 S — Ak

In this rational model equation, each C, is the residue of the
pole A,. If C, is complex, a corresponding complex conjugate
pole and residue must also be enumerated. The example,
Model an RF Filter Using S-Parameter Data, shows how

to use the RF Toolbox™ rationalfit function to create an
rfmodel.rational object. This object has the properties C, A,
and D. You can use these properties to specify the Residues,
Poles, and Direct feedthrough parameters.

Noise figure (dB)
Specify the noise figure of the amplifier. The default value of this
parameter is 0 dB, which implies that no noise is added to the
system by this block.

You can model noise in a SimRF model with a Noise, Resistor,
Amplifier, or Mixer block. To do so, in the Configuration block
dialog box, verify that the Simulate noise check box is selected
(default).

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.
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|

Nonlinearity Tab

-

Block Parameters: Amplifier |_EET
Amplifier
Model a linear or nonlinear amplifier.

| Main | Monlinearity
Monlinear polynomial type: IEven and odd order *]
Intercept points convention: [Dutput * |
IP2: inf dBm B
P3: inf dBm =

[ OK J I Cancel | I Help I [ Apply

Nonlinear polynomial type

Specify either an Even and odd order or 0dd order polynomial
nonlinearity. The default value is Even and odd order.

® When you select Even and odd order, the amplifier can
produce second- and third-order intermodulation frequencies
in addition to a linear term.
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¢ When you select 0dd order, the amplifier generates only odd
order intermodulation frequencies.

The linear gain determines the linear a, term. The block
calculates the remaining terms from the specified parameters.
These parameters are IP3, 1-dB gain compression power,
Output saturation power, and Gain compression at
saturation. The number of constraints you specify determines
the order of the model.
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The preceding figure shows the graphical definition of the
nonlinear amplifier parameters.

Intercept points convention
Specify either an Input-referred or Output-referred convention.
Use this specification for the intercept points, 1-dB gain
compression power, and saturation power.
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The default value is Output.

1P2
When Nonlinear polynomial type is Even and odd order,
specify the second-order intercept point of the amplifier.

The default value is inf dBm, which corresponds to an unspecified
point.

1P3
Specify the third-order intercept point of the amplifier. The
default value is inf dBm, which corresponds to an unspecified
point.

1-dB gain compression power
When Nonlinear polynomial type is 0dd order, specify the
1-dB gain compression point. The 1-dB gain compression point
must be less than the output saturation power.

The default value is inf dBm, which corresponds to an unspecified
point.

Output saturation power
When Nonlinear polynomial type is 0dd order, specify the
output saturation power. The block uses this value to calculate
the voltage saturation point used in the nonlinear model. In this
case, the first derivative of the polynomaial is zero, and the second
derivative is negative.

The default value is inf dBm, which corresponds to an unspecified
point in the polynomial model.

Gain compression at saturation
When Nonlinear polynomial type is 0dd order, specify the
gain compression at saturation. This parameter cannot be set
unless QOutput saturation power is specified.

The default value is inf dBm.

1-10
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|

Modeling Tab

Setting Source of amplifier gain to Data source activates the
Modeling Tab.

Block Parameters: Amplifier [ 22|
Amplifier
Model a linear or nonlinear amplifier.
| Main | Monlinearity | Modeling Visualization |
Modeling options: ITime domain (rationalfit) v]
Fitting options: |Flt individually - |
Relative error desired (dB): -40
Rational fitting results:
Mumber of independent fits: N/A
Number of required poles:  N/A
Relative error achieved (dB): N/A
[ oK ] [ Cancel | | Help | | Apply |

Modeling options
Modeling domain. Select Frequency domain or Time domain
(rationalfit) from the drop-down list.

When modelling using Frequency domain, Visualization tab
plots only the data defined in Data Source.

1-11
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When modelling using Time domain, Visualization tab plots the
data defined Data Source and the rationalfit values .

For the Amplifier and S-parameters blocks, the default value is
Time domain (rationalfit). For the Transmission Line block,
the default value is Frequency domain.

Fitting options
This field displays when you select Time domain (rationalfit)
as the Modeling options. Valid values are Share all poles,
Share poles by columns, and Fit individually.

For the Amplifier block, the default value is Fit individually.
For the S-parameters block, the default value is Share all
poles.

Relative error desired (dB)
This field displays when you select Time domain (rationalfit)

as the Modeling options. Enter the desired relative error in
decibels (dB). The default value is -40.

Rational fitting results
These fields display the results of rational fitting when you select
Time domain (rationalfit) as the Modeling options.

Visualization Tab

Setting Source of amplifier gain to Data source activates the
Visualization tab.
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Block Parameters: Amplifier |E|
Amplifier
Model a linear or nonlinear amplifier.

| Main | Monlinearity | Modeling | Visualization
Source of frequency data: IExl:racted from data source v]
Flot type: I){—Y plane - |
Parameterl: 511 | Formatl: [Magnitude (decibels) v]
Farameter2: Mone - Format2: IMagn'ttude (decibels) - |

Y-axis scale: ¥-axis scale: IL'tn-ear ']
Plot

[ OK ][ Cancel H Help H Apply l

Source of frequency data
Frequency data source. When Source of frequency data is
Extracted from data source, the Data source must be set to
Data file. Verify that the specified Data file contains frequency
data.

When Source of frequency data is User-specified, specify a

vector of frequencies in the Frequency data parameter. Also,
specify units from the corresponding drop-down list.
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For the Amplifier and S-parameters blocks, the default value is
Extracted from source data. For the Transmission Line block,
the default value is User-specified.

Plot type
Specify the type of plot that you want to produce with your data.
The Plot type parameter provides the following options:

® X-Y plane — Generate a Cartesian plot of your data versus
frequency. To create linear, semilog, or log-log plots, set the
Y-axis scale and X-axis scale accordingly.

® Polar plane — Generate a polar plot of your data. The block
plots only the range of data corresponding to the specified
frequencies.

® Z smith chart, Y smith chart, and ZY smith chart —
Generate a Smith® chart. The block plots only the range of data
corresponding to the specified frequencies.

The default value is X-Y plane.

Parameter #
Specify the S-parameters to plot. From the Parameterl and
Parameter2 drop-down lists, select the S-parameters that you
want to plot. If you specify two parameters, the block plots both
parameters in a single window.

The default value for Parameterl is S11. For the Amplifier
and S-parameters blocks, the default value for Parameter?2 is
None. For the Transmission Line block, the default value for
Parameter2 is S22.

Format #
For X-Y plots, format the units of the parameters to plot from
the Formatl and Format2 drop-down lists. For polar plots and
Smith charts, the formats are set automatically.

The default value is Magnitude (decibels).
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Examples

Y-axis scale

Scale for the Y-axis.

The default value is Linear.
X-axis scale

Scale for the X-axis.

The default value is Linear.

Circuit Envelope Simulation to Amplify Signals

Use the Amplifier block to amplify an input ramp signal riding on
a 2 GHz carrier.

From the MATLAB® command prompt, open the model
ex_amplify simulink_signal:

addpath(fullfile(docroot, 'toolbox', 'simrf', 'examples'))
ex_amplify simulink_signal

Mag
RF
wef )
_/ ' SL RF In Dom Cutport1  Terminator ’—p E|

Soope2
Ramp e

Inport RF  SL

Ampiifier

= .

Scopel

Outport

Configuation

This example model has the following configuration:

¢ The input baseband (i.e modulation) signal 1s SimRF Ramp. The
Input scope displays the signal.

e The Inport parameter Carrier frequencies defines the ramp input
carrier frequency as 2 GHz.

1-15
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® In the Configuration block, the Carrier frequencies parameter
specifies all of the carriers to be modeled in the SimRF circuit
envelope simulation environment. The Stepsize is set to 2e-11/16
for smoother output signal. For more options please refer to
Configuration block.

e Amplifier block amplifies the modulated signal. In this example,
the Amplifier option is set to Available power gain to add a 30dB
gain to the modulated signal.

® The Amplifier signal is send to two Outport blocks to observe
both baseband (modulation) and passband (both modulation and
carrier) signals. In Outport 1, the output is Real Passband signal
on a 2-GHz carrier. In Outport 2, you compute the magnitude and
phase of the baseband signal. This helps you observe the change in
magnitude of the output signal as compared to the input signal. The
Angle portion of the Outport 2 is terminated.

To run the model, select Simulation Run.

The Input scope displays the input ramp signal:

1-16
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7Y Scopel
B Scope

The Outputscope displays both the Real Passband signal and the
change in magnitude of the input ramp signal.
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| B Scope2

b
20 @i |B%% 0as »

5
_x10

® The example, “Validating IP2/IP3 Using Complex Signals”, verifies
the nonlinear modeling capabilities of the amplifier block.

¢ The example, “Impact of an RF Receiver on Communication System
Performance”, performs quantitative noise analysis of the noise from
an RF cascade.

® The example, Create a Low-IF Receiver Model, uses an amplifier in
an IF receiver with specified gain and noise figure.

References [1] Gonzalez, Guillermo. “Microwave Transistor Amplifiers: Analysis
and Design”, Englewood Cliffs, N.J.: Prentice-Hall, 1984.

[2] Grob, Siegfried and Juergen Lindner. “Polynomial Model Derivation

of Nonlinear Amplifiers, Department of Information Technology,
University of Ulm, Germany.
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|

[3] Kundert, Ken. “Accurate and Rapid Measurement of IP , and
IP ”, The Designers Guide Community, Version 1b, May 22, 2002.
http://www.designers-guide.org/analysis/intercept-point.pdf.

[4] Pozar, David M. “Microwave Engineering”, Hoboken NJ: John Wiley
& Sons, 2005.

See Also Mixer | S-Parameters
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C (Capacitor)
|

Purpose Model capacitor for circuit envelope analysis

Librclry Elements

Description The Capacitor block models a capacitor in circuit envelope environment.
o—+—f—=

-
[

Dialog
Box and
Parameters

e

Block Parameters: C @

CAPACITOR

Models a linear capacitor, The relationship between voltage VY and and current [ is [=C*dV/dt where C is the
capacitance in farads.

Yiew source for CAPACITOR

Parameters

Capacitance: le-12 F -

(a4 ]l Cancel || Heln Apply

Capacitance
Specify the capacitance, C, as either 0 or a real number greater
than or equal to 1e-18 F. If you set this parameter to a value

1-20
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|

between 0 and 1e-18 F, the block uses a value equal to 1e-18 F
during simulation. The default value of this parameter is 1e-12 F.

Examples ® The example “AC Analysis of an RF System” analyzes an LC filter
using harmonic balance.

¢ The example “Frequency Response of an RF Transmit/Receive
Duplex Filter” simulates an analog RF filter comprised of Capacitor,
Inductor, Resistor, and Impedance blocks.

¢ The section Filter Mixing Products walks through the construction of
an LC low-pass tee filter in SimRF software.

See Also Impedance | Inductor | Three-Winding Transformer | Resistor
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Configuration

Purpose Specify system-wide parameters for circuit envelope analysis
Library Utilities
Description Use the Configuration block to set the model conditions for a circuit

envelope simulation. The block parameters define a set of simulation
frequencies, solver attributes, and thermal noise.

1 FF Connect one Configuration block to each topologically distinct SimRF
— subsystem. Each Configuration block defines the parameters of the
Cerfigurator connected SimRF subsystem. To see an example of the Configuration
block in a model, enter simrfv2_noise in a MATLAB Command
Window.
For an introduction to RF simulation, see “Circuit Envelope Basics”.
Dia Iog Block Parameters: Configuratian ==
Box and o .
Defines system simulation settings.
Parameters Faramesere
¥| Automatically select fundamental tones and harmonic order
Fundamental tones: 0 Hz
Harmonic order: a
Total simulation frequencies: Computed at simulation time View
| Mormalize Carrier Power
Solver: Auto "
Step size: le-g s -
/| Simulate noise
Temperature: 200.0 K =
[ Ok ] | Cancel ‘ ‘ Help | Apply

Automatically select fundamental tones and harmonic order
When this check box is selected, the block determines the
Fundamental tones and Harmonic order parameters
automatically when you update the model. Automatic selection
does not always return the smallest possible set of simulation
frequencies.
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Clearing this check box enables you to manually set the
Fundamental tones and Harmonic order parameters. A
smaller set of simulation frequencies decreases simulation time
and decreases memory requirements. However, a decrease in
simulation frequencies can reduce accuracy.

Fundamental tones
When Automatically select fundamental tones and
harmonic order is cleared, specify a vector of positive
frequencies. These frequencies represent the fundamental tones
[f;; f5, -.-] of the set of simulation frequencies. See the Total
simulation frequencies parameter for additional information.

Harmonic order
When Automatically select fundamental tones and
harmonic order is cleared, specify the harmonic order [A,, h,, ...]
of each fundamental tone. Each A, is a positive integer. You can
specify a scalar that will be applied to each Fundamental tones
parameter. See the Total simulation frequencies parameter
for additional information.

Total simulation frequencies: Computed at simulation time
The block displays the number of simulation frequencies for
a nonlinear model. For linear models, the actual number of
frequencies are automatically optimized during simulation.
Because the solver computes a solution to the network at each
simulation frequency, computation time scales according to the
size of this value.

Click View to open dialog box containing additional information
about the simulation frequencies in your system. The
Configuration: Explaining simulation frequencies dialog box lists
tones and simulation frequencies. By clicking a listed simulation
frequency, you can see which linear or multiple combinations of
fundamental tones represent that frequency. From the dialog box,
you can also plot the simulation frequencies on a number line.
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The block parameters define a set of simulation frequencies

as combinations of fundamental tones: [m*f, + n*f, + ...]. In
this case, represented as [f,.f,,...], and the integers m and n are
bounded by the corresponding Harmonic order, |m| £ hl, |n|
< h,, ete. Only positive frequencies are considered.

Tones (Hz) i fr

2e+09

For example, suppose you have a single fundamental tone f; =
2 GHz and corresponding harmonic order AI = 3. The set of
simulation frequencies [ 0, f}, 2f,, 3f|] = [ 0GHz, 2GHz, 4GHz,
6GHz ].

As a second example, suppose you have a circuit with two
fundamental tones [f; = 2 GHz, f, = 50 MHz] and corresponding
harmonic orders h;, = h, = 1. This setup results in five simulation
frequencies with values [ 0, f,, fi-f5, f1, f1H5])-

The set of simulation frequencies must include all carrier

frequencies specified in the SimRF subsystem such as the carrier
frequencies inside Inport, Outport, and source blocks.
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Normalize Carrier Power
When this option is selected, the carrier power is normalized such
that the average power of the signal is:

I’ + @
In this case, the corresponding passband signal at o is represented
by the equation

I(tN2 cos(27 f,t) - QN2 sin~2(27 ft)
where:
e ](¢) is the in-phase part of the carrier signal.
® @(?) is the quadrature part of the carrier signal.
* f, are the carrier frequencies.

When this option is not selected, the carrier power is not
normalized. In this case, the average power of the signal is:

1% ¢ Q2
2

In this case, the corresponding passband signal at o represented
by the equation

I(t) cos(2r f1,t) - Q(t) sin(27 ft)

Note that 0 carrier frequency is a special case. Its passband
representation is always I and average power I

By default, the check box is selected.

Solver
Specify the fixed-step solver for the SImRF environment. When
you are not sure which solver to use, set this parameter to auto.
When manually choosing a solver, consider the following benefits
and drawbacks:
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Step

e The Backward Euler solver is able to simulate the largest
class of systems and signals. Damping effects make this solver
suitable for wideband simulation, but overall accuracy is low.

® The Trapezoidal Rule solver is accurate for narrowband
simulations. However, frequency warping and the lack of
damping effects make this method inappropriate for most
wideband simulations.

¢ The NDF2 solver balances narrowband and wideband accuracy.
This solver i1s suitable for situations where the frequency
content of the signals in the system is unknown relative to the
Nyquist rate.

By default, Solver is set to auto.

The SimRF solver is an extension of the Simscape™ local solver.
For more information on the Simscape local solver, see the Solver
Configuration block reference page.

size

Specify a time step h for fixed-step integration. The default
value is 1e-6 s, which is sufficient for modeling envelope signals
with bandwidths of up to 1/h, or 1 MHz by default. However,
simulation accuracy is reduced when simulating close to the
maximum bandwidth. Reduce the step size to model signals with
a larger bandwidth, or improve accuracy.

When the noise is simulated, the noise bandwidth for each
simulation frequency is equal to 1/h.

Simulate noise

Use this parameter to globally enable or disable noise modeling for
SimRF blocks that support noise. When this check box is selected:

® Amplifier and Mixer blocks use the value of their respective
Noise figure (dB) parameters.

¢ Amplifier and Mixer blocks simulate with thermal noise at the
temperature specified by the Temperature parameter.
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References

® Resistor blocks model thermal noise using the Temperature
parameters.

¢ Noise blocks model a specified noise power as a voltage or
current source.

Clearing this check box disables noise modeling in the SimRF

environment. By default, this check box is selected.

Temperature
When Simulate noise is selected, specify a global noise
temperature. The default value of this parameter is 290.0 K.

Motchenbacher, C.D. and J.A. Connely. Low Noise Electronic System
Design. New York: John Wiley & Sons, 1993.

Rodrigues, Paulo J. C. Computer-Aided Analysis of Nonlinear
Microwave Circuits. Norwood, MA: Artech House, Inc., 1998.
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Continuous Wave

Purpose Model constant envelope source
Librclry Sources
Description

Confiruous Veve

The Continuous Wave block models a constant modulation on a
carrier in the SimRF circuit envelope simulation environment. For
an introduction to RF simulation, see the example, “Circuit Envelope
Basics”.

The block implements the relation

v(t) = vye’ ™

or
i) =ige

at the carrier w,, depending on the source type.
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Dialog
Box and
Parameters

-

Block Parameters: Continuous Wave @
CWy' Source

Model & continuous wave source,

Farameters

Source type: |Idea| voltage - |
Constant in-phase value: 0O |“¢' - |
Constant quadrature value: 0O |Rr' - |
Carrier frequencies: 0 |H2 ~ |

¥| Ground and hide negative terminal

(814 ]| Cancel || Help Apply

Source type

Specify the wave type as:

e Ideal Voltage — The block simulates a constant voltage

envelope v, at the specified Carrier frequencies. The
envelope has real and imaginary parts specified by the
Constant in-phase value and Constant quadrature value
parameters.

Ideal Current — The block simulates a constant current
envelope i, at the specified Carrier frequencies. The
envelope has real and imaginary parts determined by the
Constant in-phase value and Constant quadrature value
parameters.

e Power — The block simulates the constant voltage envelope
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. T
v = 2,/PoRe(Z; )eJ180¢
where:

— P, is the value of the Available power parameter

— Z, is the value of the Source impedance (ohms)
parameter.

— ¢@is the value of the Angle (degrees) parameter.
The default value of this parameter is Ideal Voltage.

Constant in-phase value
When the Source type is Ideal Voltage or Ideal Current,
specify the in-phase modulations for each of the specified Carrier
frequencies as a vector of real numbers. Specify the units
from the corresponding drop-down list. The default value of this
parameter is 0 V.

Constant quadrature value
When the Source type is Ideal Voltage or Ideal Current,
specify the quadrature modulations for each of the specified
Carrier frequencies as a vector of real numbers. Specify the
units from the corresponding drop-down list. The quadrature
value at baseband must equal 0. The default value of this
parameter is 0 V.

Source impedance (ohms)
When the Source type is Power, specify the source impedance as
either 0 or a complex number with real and imaginary parts that
are greater than or equal to 1e-18 Ohm. If you set this parameter to
a value with real or imaginary part between 0 and 1e-18 Ohm, the
block uses a value with real or imaginary part equal to 1e-18 Ohm
during simulation. The default value of this parameter is 0 Ohm.

Available power
When the Source type is Power, specify the available power at
the specified Carrier frequencies as a vector of real numbers.
Specify the units from the corresponding drop-down list. The
default value of this parameter is 0 W.
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Examples

See Also

Angle (degrees)
When the Source type is Power, specify the phase angles of the
power waves at the specified Carrier frequencies as a vector of
real numbers. The default value of this parameter is 0 degrees.

Carrier frequencies
Enter a vector of carrier frequencies whose elements are
combinations of fundamental tones and corresponding harmonics
in the Configuration block. Specify the units from the
corresponding drop-down list. The default value of this parameter
is 0 Hz.

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.

All models in the SImRF documentation that contain a Mixer block also
contain a Continuous Wave block used as a local oscillator.

Inport | Sinusoid
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Gnd (Ground)

Purpose Simulate connection to electrical ground
Librclry Elements
Description The Ground block represents an electrical ground in a SImRF circuit

envelope simulation environment. Connect at least one Ground to the
SimRF environment; otherwise, models with SimRF blocks do not run.

L
_ arc
Dialog The Ground block has no parameters.
Box and
Parameters
Examples All models in the SImRF documentation contain a Ground block. See

Model an RF Mixer for an introduction to circuit envelope simulation.
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Purpose
Library

Description

Dialog
Box and
Parameters

See Also

Model ideal transformer
Elements

The Ideal Transformer block models a constant IV relationship
within the SimRF circuit envelope simulation environment. For an
introduction to RF simulation, see the example, “Circuit Envelope
Basics”.

Block Parameters: Ideal Transformer ==
Ideal Transformer
Models an ideal power-conserving ransformer satisfying v_1 = N*v_2 and I_2 = N*I_1 where N is the

winding ratio, v_1 and v_2 are the primary and secondary voltages, [_1 is the current flowing into the
primary + terminal, and 1_2 is the current flowing out of the secondary + terminal,

This block can be used to represent either an AC ransformer or a solid-state DC to DC converter, To
model a transformer with inductance and mutual inductance terms, use the Mutual Inductor block,

MNote that the two electrical networks connected to the primary and secondary windings must each have
their own Electrical Reference block,

Wiew source for Ideal Transformer

Parameters

\Winding ratio: 1

oK H Cancel || Help | Apply

Winding ratio
Specify the winding ratio.

Mutual Inductor | Three Winding Transformer
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Purpose
Library

Description

Irpart

Dialog
Box and
Parameters

Convert Simulink input signal to SimRF signal
Utilities

The Inport block imports Simulink® signals into the SImRF circuit
envelope simulation environment. For an introduction to RF simulation,
see the example, “Circuit Envelope Basics”.

Complex-valued input signals I,(¢) +j - @,(¢) are the modulations at
the frequencies {f,} specified in the Carrier frequencies parameter
of the block.

The Source type parameter specifies the Simulink signal as either
current, or voltage, or power source.

o o)

Block Parameters: Inport @

Inport

Convert Simulink signal to SimRF voltage or current.

Farameters
Source type: Ideal voltage - |
Carrier frequencies: 0O Hz ~ |

¥| Ground and hide negative terminal

(814 ]| Cancel || Help Apply

Source type
Specify a current, voltage, or power source. If the input signal is a
vector containing more than one signal, the block assigns the kth
input signal to the kth carrier.
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Choose how the block interprets the Simulink signal:

e Ideal voltage — The block outputs Simulink signals as
voltage signals v(f) in the SimRF environment. When you
choose this option, the following figure illustrates the internal
configuration of the block.

e Ideal current — The block outputs Simulink signals as
current signals i(f) in the SImRF environment. When you
choose this option, the following figure illustrates the internal
configuration of the block.

({F 1}

® Power — The block interprets the Simulink signals, P (t), as
available power and internally uses a voltage source, and series
impedance as shown in the following figure.
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Examples

See Also

Source impedance (ohms)
When Input is set to Power, specify a source impedance for
available power match. When you use multiple Inport blocks as
power sources at the same node in a given circuit, each block
modifies the load for other components connected to that shared
node, so the maximum available power is not achieved. By
default, the series impedance is 50.

Carrier frequencies
Enter a vector of carrier frequencies whose elements are
combinations of fundamental tones and corresponding harmonics
in the Configuration block. Specify the units from the
corresponding drop-down list. The default value of this parameter
is 0 Hz.

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.

The example “Two-Tone Envelope Analysis Using Real Signals” shows
how to use Inport and Outport blocks to position an RF system as part
of a larger workflow.

Continuous Wave | Outport | Configuration



Z (Impedance)

Purpose
Library
Description

a

-
=

Dialog
Box and
Parameters

Model complex impedance
Elements

The Impedance block implements the relation, v (t) = Z(f,)*i,(¢), for each
simulation frequency, f,, where:

® Z(f,) represents complex-valued impedance at a specified simulation
frequency.

* v, () represents the voltage across the terminals of the element at
time .

® i (?) represents the current through the element at time ¢.

Circuit envelope current and voltage signals comprise in-phase, I, and
quadrature, @,, components at each frequency, f,.

Frequency-dependent impedance typically cannot be realized as

a physical network such as an RLC chain. You can, however,

use the Impedance block to model nonphysical behavior, such as
frequency-independent negative capacitance or negative inductance.
You can also use this block to specify resonant frequency offsets in
filter networks.

Block Parameters: 7 =
Z
Mode! frequency-independent impedance for circuit-ervelope
analysis.

Main

Parameters

Impedance type: | Frequency independent -

Complex impedance (ohm): 50

[ QK H Cancel H Help Apply
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Examples

See Also

Impedance type
Choose Frequency independent to apply the same impedance
for all frequencies. Choose Frequency dependent to apply the
impedance as a piecewise linear function.

Complex impedance (ohm)
When Impedance type is set to Frequency independent,
impedance 1s a scalar complex number that is applied to
all simulation frequencies. When Impedance type is set
to Frequency dependent, impedance is a vector of complex
numbers, [Z,, Z,, Z,, ...]. This vector is linearly interpolated for
all simulation frequencies.

In both cases, for zero simulation frequency, the imaginary part
of the impedance is ignored. Also, the real part is forced to be
positive to produce a stable simulation.

Frequency
When Impedance type is set to Frequency independent,
specify a vector of nonnegative frequencies, [f}, f,, f5, ...]. The
pairs, f,, Z,, define a piecewise linear function, Z(f), that is linearly
interpolated for the simulation frequencies. For values outside
the range, there is constant extrapolation. The default value of
this parameter is 0 Hz.

The example, “Frequency Response of an RF Transmit/Receive Duplex
Filter”, simulates an analog RF filter comprising Capacitor, Inductor,
Resistor, and Impedance blocks.

Capacitor | Inductor | Resistor



L (Inductor)
|

Purpose Model inductor for circuit envelope analysis
Librclry Elements

Description The Inductor block models an inductor in circuit envelope environment.

g
L

Dialog
Box and
Parameters

e

Block Parameters: L E
INDUCTOR

Models a linear inductor,

Yiew source for INDUCTOR

Parameters

Inductance: 1=-9 H -

(a4 ]l Cancel || Heln Apply

Inductance
Specify the inductance, L, as either 0 or a real number greater
than or equal to 1e-18 H. If you set this parameter to a value
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between 0 and 1e-18 H, the block uses a value equal to 1e-18 H
during simulation. The default value of this parameter is 1e-9 H.

Examples ® The example “AC Analysis of an RF System” analyzes an LC filter
using harmonic balance.

¢ The example “Frequency Response of an RF Transmit/Receive
Duplex Filter” simulates an analog RF filter comprised of Capacitor,
Inductor, Resistor, and Impedance blocks.

® The section Filter Mixing Products walks through the construction
of an LC lowpass filter in SimRF software.

See Also Capacitor | Resistor | Mutual Inductor | Three-Winding Transformer
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LC Ladder

Purpose
Library

Description

Model LC ladder networks
Elements

The LC Ladder block models common two-port LC lossless networks.
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Dialog
Box and
Parameters

1-42

-

Block Parameters: LC Ladder @
LZ Ladder
Waodel an LC ladder filter,
Farameters
Ladder topalagy |LC Lowpass Tee - |
Inductance: [1.3324-5 1.3324e-5] H =
Capacitance: 1.13272-9 F |
Ly Ly
S
J| Ground and hide negative terminals
8] 4 ] | Cancel | | Help | Apply

Specify ladder topology from the following options:




LC Ladder

Ladder Topology

LC
Lowpass
e i i -
r:,%
LC
Lowpass ’ﬁ%lﬁ‘
Pi
LC
Highpass Jf-‘ll lle
Tee T J 1T
LIE
1
LC
Highpass |C]1
Pi i
1 1
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Ladder Topology (Continued)

LC
Bandpass L G Ly G
Tee — 300 }—J_|1—’Mﬁ\% -
LZE c,
LC
Bandpass L, G
Pi 000 }—”_rl— --
Ll% G -’-:;% Cy
LC
Bandstop
Tee L Ly
EMED EME )
e LQE Cy
b
&
T ___
LC L
Egndstop mﬁj o
1 ] | | ]
L,E C ;,3§
(31:L C::l
T T ___
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|

Inductance
Specify a vector of inductance values. The vector index of a value
corresponds to the inductance index in the corresponding selected
ladder topology. All values must be greater than zero.

Capacitance
Specify a vector of capacitance values. The vector index of a value
corresponds to the capacitance index in the corresponding selected
ladder topology. All values must be greater than zero.

The relationship between vector lengths of Capacitance and
Inductance values must correspond to the Ladder topology
selected.

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.

Examples ® The section “Model an RF Mixer” steps through setting up an RF
mixer in the SImRF environment.
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Purpose

Library

Description

gdin

glLO

o

IVixer

Model mixer in RF systems
Elements

The Mixer block performs signal frequency translation and nonlinear
amplification.

For a given RF input signal Vg, = Apgcos(wgst) and an LO input signal
Vo= Aocos(w; o), the mixer multiplies the signals at the input ports:

VinViLo = Aip cos(@,t) Ao cos(orot)

AinALo
2
This mixing converts the frequency of RF signal to oy, + @, and
@pp— @ For the mixer to perform this operation correctly, you must
include the frequencies wg, + @, OF @pp — @, in the simulation
frequencies the Configuration block calculates.

AinArLo
2

cos[(win +a)LO)t]+ cos[(a)in —wLo)t]

The Power gain specification for this block relates the power of a
single-sideband (SSB) to the input.

After mixing the RF and LO signals, the mixer block performs
amplification. To model linear amplification, the mixer scales

the signals by the coefficient a,. A Voltage Controlled Voltage
Source (VCVS), specified with a polynomial, implements nonlinear
amplification. The polynomial includes saturation automatically and
produces additional intermodulation frequencies.



Mixer

Dialog
Box and
Parameters

Main Tab

Block Parameters: Mixer @
Mixer

Model & nonlinear mixer.

Main | Monlinearity

Source of corversion gain: ‘Avai\able power gain '|

Available power gain: [u] da -
Input impedance (ohms): 50

Output impedance (ohms): 50

LD impedance (ohms): inf

Moise figure (dB): [u]

V| Ground and hide negative terminals

[ QK H Cancel H Help Apply

Source of conversion gain
Specify the source parameter of the conversion gain as:

e Available power gain — The block uses the value of the
Available power gain parameter to calculate the linear voltage
gain term of the polynomial VCVS, a,. This calculation assumes
a matched load termination for the mixer.

® Open circuit voltage gain — The block uses the value of
the Open circuit voltage gain parameter as the linear voltage
gain term of the polynomial VCVS, a,.

® Polynomial coefficients — The block implements a
nonlinear voltage gain according to the polynomial you specify.
The order of the polynomial must be less than or equal to 9
and the coefficients are ordered in ascending powers. If a
vector a has 10 coefficients, [a,, a,, a,, ..., &,], the polynomial
it representsis V, = q,+a, V, +a, V, >+ +a, V, °. In this
case, a, represents the linear gain term, and the modeling of
higher-order terms is done according to [1].

For example, the vector [a,, a,, a,, a,] specifies the relation V_,
=ayta Vipta, Vil + tag V2

in
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Trailing zeroes are omitted; if a; = 0, [a,, a;, a,] defines the

same polynomial as [a,, a,, a,, 0]. The default value of this

parameter is [0 1], corresponding to the linear relation V = V..
The default value of this parameter is Available power gain.

Available power gain
When Source of conversion gain is Available power gain,
specify the linear gain of the mixer. Specify the units from the
corresponding drop-down list. The default value of this parameter
is 0 dB.

Open circuit voltage gain
When Source of conversion gain is Open circuit voltage
gain, specify the open circuit voltage gain of the mixer. Specify
the units from the corresponding drop-down list. If you specify the
units as None, the gain must be positive. The default value of
this parameter is 0 dB.

Input impedance (ohms)
Specify the scalar impedance at the In port of the mixer. The
default value of this parameter is 50 Q.

Output impedance (ohms)
Specify the scalar impedance at the Out port of the mixer. The
default value of this parameter 1s 50 Q.

LO impedance (ohms)
Specify the scalar impedance at the LO port of the mixer. The
default value of this parameter is Inf Q.

Noise figure (dB)
Specify the single-sideband (SSB) noise figure of the mixer. The
default value of this parameter is 0 dB.

To model noise in circuit envelope model with a Noise, Amplifier,
or Mixer block, you must select the Simulate noise check box in
the Configuration block dialog box.
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The following table summarizes the two competing definitions for
specifying SSB noise, where the image frequency (IM) is defined

as opy = 0o + (O — Wgp)-

Noise Signal at RF | Signal at IM | Mixer Block

Convention | Frequency Frequency Supports
This Model?

Single-sideband S + NV, signal | N, noise only | Yes

noise (SSB) with noise

IEEE S + N, signal | No signal No; you can

definition of with noise create an

single-sideband equivalent

noise model using

(SSB ;R an ideal
filter created
from an
S-parameters
block.

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts

of your model.

By default, this check box is selected.
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Nonlinearity Tab

Block Parameters: Mixer ==
Mixer

Model a nonlinear mixer.

Main Monlinearity

Monlinear polynornial type: IEvem and odd arder VI

Intercept points convention: loumut 'I

P2 Inf dém -
P3: Inf dBm v

l OK H Cancel H Help I Apply

The specification is identical to that of the Amplifier block, except that
it includes a scaling factor of 2 to account for the SSB mixer conversion
gain.

Nonlinear polynomial type
Specify either an Even and odd order or Odd order polynomial
nonlinearity. The default value is Even and odd order.

® When you select Even and odd order, the amplifier can
produce second- and third-order intermodulation frequencies
in addition to a linear term.

® When you select 0dd order, the amplifier generates only odd
order intermodulation frequencies.

The linear gain determines the linear a, term. The block
calculates the remaining terms from the specified parameters.
These parameters are IP3, 1-dB gain compression power,
Output saturation power, and Gain compression at
saturation. The number of constraints you specify determines
the order of the model.
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OIP3 ~

GCS + P,

sat |

Pn:ma.‘ .

1dB+ Pﬂlﬂ'B 1
Fo1ia8 T

| ——> P
Piag  Bu IIP3

Jsat

The preceding figure shows the graphical definition of the
nonlinear amplifier parameters.

Intercept points convention
Specify either an Input-referred or Output-referred convention.
Use this specification for the intercept points, 1-dB gain
compression power, and saturation power.
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IP2

IP3

The default value is Output.

When Nonlinear polynomial type is Even and odd order,
specify the second-order intercept point of the amplifier.

The default value is inf dBm, which corresponds to an unspecified
point.

Specify the third-order intercept point of the amplifier. The
default value is inf dBm, which corresponds to an unspecified
point.

1-dB gain compression power

When Nonlinear polynomial type is 0dd order, specify the
1-dB gain compression point. The 1-dB gain compression point
must be less than the output saturation power.

The default value is inf dBm, which corresponds to an unspecified
point.

Output saturation power

When Nonlinear polynomial type is 0dd order, specify the
output saturation power. The block uses this value to calculate
the voltage saturation point used in the nonlinear model. In this
case, the first derivative of the polynomaial is zero, and the second
derivative is negative.

The default value is inf dBm, which corresponds to an unspecified
point in the polynomial model.

Gain compression at saturation

When Nonlinear polynomial type is 0dd order, specify the
gain compression at saturation. This parameter cannot be set
unless QOutput saturation power is specified.

The default value is inf dBm.



Mixer

Examples

References

See Also

The example, “Validating IP2/IP3 Using Complex Signals”, verifies
the nonlinear modeling capabilities of the Amplifier block.

® The example, “Impact of an RF Receiver on Communication System
Performance”, performs quantitative noise analysis of the noise from
an RF cascade.

® The section, Create a Low-IF Receiver Model, uses an amplifier in an
IF receiver with specified gain and noise figure.

® The section, “Model an RF Mixer”, steps through setting up an RF
mixer in the SiImRF environment.

[1] Grob, Siegfried and Lindner, Jurgen, “Polynomial Model Derivation
of Nonlinear Amplifiers”, Department of Information Technology,
University of Ulm, Germany.

Amplifier
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Mutual Inductor

Purpose
Library

Description

N

IMutugl Imductor

1-54

Model two coupled inductors for circuit envelope analysis
Elements

The Mutual Inductor block models an inductor within the SimRF
circuit envelope simulation environment. For an introduction to RF
simulation, see the example, “Circuit Envelope Basics”.

The block implements the relations

d ;. d .
v (8) =Ly E[ll(t)] + Ma[lz ®)]

d .. d .
vg(t) = ME[Ll(t)] + Ly E[lz(t)]
M=K|LL,

where:

¢ L, and L, represent inductances.
® M represents a mutual inductance with coefficient of coupling K.

* v,(?) and v,(t) represent the voltage across the terminals of the
inductors at time ¢.

® i,(9) and i,(?) represent the current through the inductors at time
t. The block uses standard dot notation to indicate the direction of
positive current flow relative to a positive voltage.

SimRF current and voltage signals consist of in-phase (I,) and
quadrature (€,) components at each frequency f, specified in the
Configuration block:

i)=Y (i, )+ j-ig, () ¥
{1}

v®) = Y (g, O+ j v, ) e
{7}



Mutual Inductor

Dialog
Box and
Parameters

Block Parameters: Mutual Inductor @
Mutuial Inductor
Model mutual inductor,

Wiew source for Mutual
Inductor

Farameters

Inductance L1: le-6 H -
Inductance L2: 1e-6 H -
Coefficient of coupling: 0.9

Ok ] | Cancel ‘ | Help Apnly

Inductance L1
Specify the inductance of the first inductor as a scalar value
greater than or equal to 0. Specify the units of the inductance
from the corresponding drop-down list. The default value of this
parameter is 1e-6 H.

Inductance L2
Specify the inductance of the second inductor as a scalar value
greater than or equal to 0. Specify the units of the inductance
from the corresponding drop-down list. The default value of this
parameter is 1e-6 H.

Coefficient of coupling
Specify the coefficient of coupling for the mutual inductance of the
two inductors as a scalar value between 0 and 1, inclusive. The
default value of this parameter is 0.9.

Note The minimum nonzero inductance value that the SimRF
environment recognizes is 1e-18 H. During simulation, the block uses
a value of 1e-18 H for any inductance and mutual inductance values
specified between 0 and 1e-18 H.
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See Also Inductor | Three-Winding Transformer
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Noise

Purpose
Library

Description

Meoise

Dialog
Box and
Parameters

Model noise using current or voltage noise source in RF systems
Sources

Use the Noise block to model noise as a current or voltage source for
blocks other than Amplifier and Mixer blocks. When you use a Noise to
simulate noise in an RF model, also select the Simulate noise check
box in the Configuration block. Otherwise, the model simulates without
noise. The Noise block does not depend on the Temperature parameter
in the Configuration.

Block Parameters: Noise @
MNoise Source

Model a voltage or current noise source defined by the height of
power spectral density.

Parameters

Source type: |Idea| woltage - ‘

Moise distribution: |\the i ‘

Moise power spectral
density (v"~2/Hz):

V| Ground and hide negative terminal

[ OK H Cancel H Help | Apply

Source type
Specify the noise type as Ideal Voltage or Ideal Current. The
default is Ideal Voltage.

Noise distribution
Specify the noise distribution type as White or Piece-wise
linear. The default is White.

Noise power spectral density
Specify the single-sided noise power spectral distribution (PSD).
The default value of this parameter is 0.

When Noise distribution is set to:
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® White, spectral density is a single non-negative value.

® Piece-wise linear, spectral density is a vector of values [p;].

When Source type is set to:
e Ideal voltage, spectral density units are V¥/Hz.
e Ideal Current, spectral density units are A%/Hz.

Frequencies
This parameter appears only when Noise distribution is set
to Piece-wise linear.

Parameter values are specified as a vector of non-negative
frequencies [f] with the same length as the vector of power
spectral densities [p;]. The pairs, (f,,p;), define an arbitrary
piece-wise linear noise distribution. The default value of this
parameter is 0 Hz.

Examples Explicitly Simulate Resistor Thermal Noise

Use the Noise block to calculate the classic thermal noise floor, kT, for
a matched resistor circuit.

From the MATLAB command prompt , open the model
ex_simrf_noise_source:

addpath(fullfile(docroot, 'toolbox"', 'simrf', 'examples'))
ex_simrf_noise_source
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S &) " | G
Qutport Calculate Noise Power  noise floor in dBm
Noiseless Cw 4KTIR noise Matching
resistor current : noiseless load

| l
RF

|H|-—
"‘II

Model configuration is as follows:

® The model properties, R, k, Freq, and time_step, are
defined in File > Model Properties > Callbacks > Model
callbacks > PreLoadFcn*.

® The Resistor noise source is modelled explicitly to make it noiseless.
In Resistor blocks, the Simulate Noise box is not selected.

® Noise current source parallel to the Resistor block models the
noise. In the Noise block, the Source type is set to Ideal current
to make it a current source. The Noise spectral density is defined
as (4kT/R)(A%*Hz).

® The Masked block, Calculate Noise Power, calculates the noise
floor as a standard deviation of the output signal.

To run the model, select Simulation > Run. With the bandwidth
included using the Configuration block, noise power is in the range
of 173.98 - 174.1 dBm
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References Motchenbacher, C.D. and J.A. Connelly. Low Noise Electronic System
Design. New York: John Wiley & Sons, 1993.

See Also Configuration
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Outport

Purpose
Library

Description

Cutport

Dialog
Box and
Parameters

Convert SImRF signal to Simulink output signals
Utilities

The Outport block outputs carrier modulation signals in the SimRF
circuit envelope simulation environment as Simulink signal. For an
introduction to RF simulation, see the example, “Circuit Envelope
Basics”.

SimRF current and voltage signals consist of in-phase (I,) and
quadrature (€,) components at each frequency f, specified in the
Configuration block

The Sensor type parameter determines which signal the block
measures, and the Output parameter defines the format of the
Simulink signal.

Block Parameters: Outport @
Outpart
Corvert SimRF valtage or current to Sirulink signal.
Parameters
Sensar type: ‘Ideal voltage b ‘
Output: ‘Cump\ex Baseband - ‘
Carrier frequencies: 0 Hz M
¥| Ground and hide negative terminal
[ QK l ‘ Cancel ‘ ‘ Help Apply

Sensor type
Specify the type of signal measured by the sensor:

e Ideal voltage — The block outputs the modulations of the
voltage signal at the specified Carrier frequencies in the
format specified by the Output parameter.

e Ideal current — The block outputs the modulations of the
current signal at the specified Carrier frequencies in the
format specified by the Output parameter.
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¢ Power — The block outputs the modulations of the voltage
signal at the specified Carrier frequencies in the format
specified by the Output parameter. where Z, is the value of the
Load impedance (ohms) parameter.

If the Carrier frequencies parameter specifies more than one
frequency, the block outputs a vector of signals. The kth output
signal corresponds to the modulation of the kth carrier.

Load impedance (ohms)
When Output is set to Power, the Outport loads the circuit with
the specified impedance. When you use multiple Outport blocks
as power sources at the same node in a given circuit, the resulting
load is the parallel combination of the specified load impedances.
By default, the impedance is 50.

Output
Specify the format of the output signals:

e Complex Baseband — The block outputs a vector of
complex-valued signals I, () +j - @,(t) at the port labeled SL.
The kth element of the vector is the kth frequency specified by
the Carrier frequencies parameter.

® In-phase and Quadrature Baseband — The block outputs
two vectors of real-valued signals I,(¢) and Q,(?) at the I port
and Q port, respectively. The signal at the I port contains the
in-phase components, and the signal at the Q port contains
the quadrature components. The kth element of the vector
is the kth frequency specified by the Carrier frequencies
parameter.

® Magnitude and Angle Baseband — The block outputs two
real-valued vectors, whose elements are the magnitude
and phase angle of the modulation. The Mag port outputs
| L(t) +j - Q,(®) | and the Ang port outputs Arg[.(f) +j - Q,®)].
The kth element of the vector is the kth frequency specified by
the Carrier frequencies parameter.
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® Real Passband — The block outputs real passband signals
corresponding to each carrier by multiplying the envelope
signals by their carriers. The scaling of the carrier depends on
whether you selected the Normalized carrier power check
box on the Configuration:

— When this option is selected, the signal on the kth carrier
1s of the form

I(N2 cos(2n f1,t) - QN2 sinN2(2x f,t)

— When this option is not selected, the signal on the kth
carrier is of the form

I(t)cos(2r f1,t) — Q(¢) sin(27 fr,t)

— In both cases, the signal for O—frequency(DC) carrier is
x(t) = I(t)

Note When using the Real Passband option, the solver will
take time steps small enough to resolve the carrier. Thus,
simulation speed improvements from envelope simulation may
be lost.

Carrier frequencies
Enter a vector of carrier frequencies whose elements are
combinations of fundamental tones and corresponding harmonics
in the Configuration block. Specify the units from the
corresponding drop-down list. The default value of this parameter
is 0 Hz.

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
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Examples

See Also

By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.

The “Circuit Envelope Basics” example compares the Real Passband
and In-phase and Quadrature Baseband output options of the
Outport block.

® The example “Validating IP2/IP3 Using Complex Signals” shows how
to use Outport blocks to probe RF systems in multiple locations.

Inport



Phase Shift

Purpose
Library

Description

ain ﬁgﬂut b

Phase Shift

Dialog
Box and
Parameters

Model phase shift in RF systems
Elements

The Phase Shift block models an ideal phase shift in the circuit envelope
environment.

Block Parameters: Phase Shift @
Fhase Shift

Model phase shift for circuit-envelope analysis.

Parameters

Phase shift: 90 |deg i

¥| Ground and hide negative terminals

l OK H Cancel H Help | Apply

Phase-shift
The default value of this parameter is 90 deg. The phase shift
is applied to all nonzero simulation frequencies. For zero (DC)
frequency, the shift is always zero.

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.
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Examples The example, “’, shows how to use Phase Shift blocks to model an LLO
phase offset in a receiver architecture.
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R (Resistor)
|

Purpose Model resistor for circuit envelope analysis

Librclry Elements

Description The Resistor block models a resistor within the SimRF circuit envelope
simulation environment. For an introduction to RF simulation, see the

a AN —a example, “Circuit Envelope Basics”.
R The block implements the relation
v(t) = Ri(t)

where:

* R represents the resistance, as a function of temperature.
® () represents the current through the capacitor at time ¢.
® u(t) represents the voltage across the terminals of the capacitor at

time t.

SimRF current and voltage signals consist of in-phase (I,) and
quadrature (§,) components at each frequency f, specified in the
Configuration block:

i©)= Y (i, @)+ j-ig, ) e/ ¥
i7)

=3 (0,04 -1 0)SHY
(£}
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Dialog BIockParameters: R @
Box and RESISTOR
PG I‘dmefers Model a linear resistar.
Farameters
Resistance: 50 Chm -
V| Simulate noise
[ Ok ] | Cancel | ‘ Help | Apply

Resistance
Specify the resistance, R, as a real number greater than zero.
Specify the units of the resistance from the corresponding
drop-down menu. The default value of this parameter is 50 Ohm.
Simulate noise

To simulate thermal noise in a resistor, select this check box.
Then, in the Configuration block dialog box, also select the

Simulate noise check box. By default, both Simulate noise
check boxes are selected.

This parameter inserts a current noise source with the
single-sided power density of 4 kT/R A%/Hz, where:

® k is the Boltzmann constant

¢ T is the value of the Temperature parameter, in degrees
Kelvin. (Also located in the Configuration block.)

See Also Capacitor | Inductor
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Purpose
Library

Description

S-pErarieters

Dialog
Box and
Parameters

Model S-parameter network
Elements

The S-Parameters block models a network defined by S-parameters in
the SimRF circuit envelope simulation environment. The device can
have up to four ports. For an introduction to RF simulation, see the
example, “Circuit Envelope Basics”.

The block models S-parameter data in the SimRF environment by
fitting a rational function to the specified data. For more information
about rational fitting of S-parameters, see the RF Toolbox rationalfit
function.

Main Tab

Block Parameters: 5-parameters @
S-parameters

Model an RF component using rational fitting of S-parameters,

Main | Modeling | “isualization

Data source: |Data file - |

Data file: simrfy2_unitygain.s2p ‘ Browse ...

V| Ground and hide negative terminals

Ok ]| Cancel || Help | Apply

Data source
Specify the source of the data that describes the amplifier
behavior. The data source must contain network parameters.
The value can be Data file, Network-parameters, or Rational
model. The default value of this parameter is Data file.
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When you select Rational model, also select values for the
Residues, Poles, and Direct feedthrough parameters
corresponding to the equation for a rational model:

F(s):[z i +D], s = jorf

k=1 S — Ak

In this equation, for a rational model F(s), each C, is the residue of
the pole A, with direct feedthrough D. The example, Model an RF
Filter Using S-Parameter Data, shows how to use the RF Toolbox
rationalfit function to create an rfmodel.rational object. This
object has the properties C, A, and D that can be used to specify the
Residues, Poles, and Direct feedthrough parameters.

Data file
When Data source is Data file, specify the name of the file that
contains the S-parameter data. The file name must include the
extension. If the file is not in your MATLAB path, specify the full
path to the file, or click the Browse button to locate the file. By
default, this parameter specifies the data file unitygain.s2p.

Network parameter type
Specify the type of Network parameters: S-parameters,
Y-parameters, or Z-parameters.

Network-parameters
When Data source is Network-parameters, specify a
multidimensional array of network parameters. The third
dimension of the S-parameter array must be the same length as
the vector of frequencies specified by the Frequency parameter.

Frequency
Specify the frequency range of Network-parameters. Specify the
units from the corresponding drop-down list.

Reference impedance (Ohms)
Specify the nonzero reference impedance of the S-parameter data.
The default value is 50.
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Ground and hide negative terminals
Select this option to automatically ground and hide negative
terminals in the model.

Modeling Tab

Modeling options
Modeling domain. Select Frequency domain or Time domain
(rationalfit) from the drop-down list.

When modelling using Frequency domain, Visualization tab
plots only the data defined in Data Source.

When modelling using Time domain, Visualization tab plots the
data defined Data Source and the rationalfit values .

For the Amplifier and S-parameters blocks, the default value is
Time domain (rationalfit). For the Transmission Line block,
the default value is Frequency domain.

Fitting options
This field displays when you select Time domain (rationalfit)
as the Modeling options. Valid values are Share all poles,
Share poles by columns, and Fit individually.

For the Amplifier block, the default value is Fit individually.
For the S-parameters block, the default value is Share all
poles.

Relative error desired (dB)
This field displays when you select Time domain (rationalfit)
as the Modeling options. Enter the desired relative error in
decibels (dB). The default value is -40.

Rational fitting results
These fields display the results of rational fitting when you select
Time domain (rationalfit) as the Modeling options.
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Visualization Tab

Block Parameters: 5-parameters
S-parameters

Model an RF component using rational fitting of S-parameters,

Main | Modeling | Wisualization

Modeling options: |Time domain (rationalfit)

Fitting options |Share all poles

Relative error desired (dB):  -40

Rational fitting results:

Mumber of independent fits: 1
Mumber of required poles: 0
Relative error achieved (dB): -inf

[ Ok ]l Cancel ||

Help

J [ appy

For an example of using the Visualization tab, see Verify That the
S-parameter Block Is Fitting a Rational Function with Acceptable

Accuracy on page 1-77.

Source of frequency data

Frequency data source. When Source of frequency data is
Extracted from data source, the Data source must be set to
Data file. Verify that the specified Data file contains frequency

data.

When Source of frequency data is User-specified, specify a
vector of frequencies in the Frequency data parameter. Also,
specify units from the corresponding drop-down list.

For the Amplifier and S-parameters blocks, the default value is
Extracted from source data. For the Transmission Line block,
the default value is User-specified.

Plot type

Specify the type of plot that you want to produce with your data.
The Plot type parameter provides the following options:
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® X-Y plane — Generate a Cartesian plot of your data versus
frequency. To create linear, semilog, or log-log plots, set the
Y-axis scale and X-axis scale accordingly.

® Polar plane — Generate a polar plot of your data. The block
plots only the range of data corresponding to the specified
frequencies.

® Z smith chart, Y smith chart, and ZY smith chart —
Generate a Smith chart. The block plots only the range of data
corresponding to the specified frequencies.

The default value is X-Y plane.

Parameter #
Specify the S-parameters to plot. From the Parameterl and
Parameter2 drop-down lists, select the S-parameters that you
want to plot. If you specify two parameters, the block plots both
parameters in a single window.

The default value for Parameterl is S11. For the Amplifier
and S-parameters blocks, the default value for Parameter?2 is
None. For the Transmission Line block, the default value for
Parameter2 is S22.

Format #
For X-Y plots, format the units of the parameters to plot from
the Formatl and Format2 drop-down lists. For polar plots and
Smith charts, the formats are set automatically.
The default value is Magnitude (decibels).

Y-axis scale
Scale for the Y-axis.

The default value is Linear.

X-axis scale
Scale for the X-axis.
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The default value is Linear.

Examples e “Architectural Design of a Low-IF Receiver System” uses an
S-Parameters block to model a surface acoustic wave (SAW) filter.

¢ “Comparing Time- and Frequency-Domain Simulation Options for
S-parameters” shows how to choose a selection for the Modeling
options parameter based on the type of behavior you want to model
in your system.

Model an RF Filter Using S-Parameter Data
The model

ex_simrf_sparams

replaces the LC lowpass tee filter in the model from the section, Model
an RF Filter, with an S-parameters block. It reproduces the results of
the original model. To recreate an S-parameter representation of the
filter, the model uses MATLAB code in the PreLoadFcn callback to:

¢ Create an RF Toolbox rfckt.lclowpasstee object.
® Specify the filter coefficients used in the Model an RF Filter example.

¢ Analyze the filter object from 0 Hz to 2 GHz.

¢ Compute rational function coefficients using the RF Toolbox
rationalfit function.

fffff
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For information on using callbacks in SimRF models, see Model an
RF Mixer.

To run the model:

1 Open the model. To do so, click the link, or, at the Command Window
prompt, type the model name.

2 Select Simulation > Run.

To view the results of the simulation, double-click the scope.

B0 @t B%% B as

l‘l’l'l'l'll

The signals displayed in the scope match the results of the simulation in
the Model an RF Filter section. The filter attenuates the high-frequency
carrier and passes the low-frequency carrier. For more information on
modeling RF components in with RF Toolbox objects, see Examples of
Basic Operations with RF Toolbox Objects.

Model an RF Filter from Rational Function Coefficients

The model

ex_simrf_sparams
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replaces the LLC lowpass tee filter in the model from the section, Model
an RF Filter, with an S-parameters block. It reproduces the results of
the original model. To configure the S-parameters block in this model to
simulate the same filter from rational function coefficients:

1 Set the Data source parameter to Rational model.
2 Set the Residues parameter to the variable C.
3 Set the Poles parameter to the variable A.

4 Set the Direct feedthrough parameter to the variable D.

To run the model, select Simulation > Run.

The rfmodel.rational object stores the residues, poles, and direct
feedthrough data as vectors. However, because the S-parameters block
requires matrices for the Residues, Poles, and Direct feedthrough
parameters, rearrangement is necessary. To rearrange the vectors into
matrices in the required format, the initialization function of the model
transposes the output of the reshape function. For more information on
rational function fitting with RF Toolbox software, see the rationalfit
reference page.

Model an RF Filter from an S2P Data File
The model

ex_simrf_sparams

replaces the LLC lowpass tee filter in the model from the section, Model
an RF Filter, with an S-parameters block. It reproduces the results of
the original model. To configure the S-parameters block in this model to
simulate the same filter from an S2P data file:

1 Write the S-parameter data in this model to a data file. To do so, in
the MATLAB Command Window, type:

write(hfilt.AnalyzedResult, 'teefilt.s2p")
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2 Set the Data source parameter to Data file.

3 Set the Data file parameter to teefilt.s2p.

To run the model, select Simulation > Run. For more information on
writing data files using RF Toolbox software, see Exporting Component
Data to a File.

Verify That the S-parameter Block Is Fitting a Rational Function
with Acceptable Accuracy

The S-Parameters block provides a visualization tool for validating
RF-component data modeling. Use the visualization tool to verify that
the S-parameter block is fitting a rational function with acceptable
accuracy. To produce a data plot:

1 On the Main tab, specify the Data source parameter and requisite
data to plot.
2 Specify frequency data:

® When Source of frequency data is Extracted from data
source, the Data source must be set to Data file, and the
specified Data file must contain frequency data.

® When Source of frequency data is User-specified, specify a
vector of frequencies in the Frequency data parameter.
Also, specify units from the corresponding drop-down list.
3 Specify the type of plot that you want to produce with your data. The
Plot type parameter provides the following options:

® X-Y plane — Generate a Cartesian plot of your data versus
frequency. To create linear, semilog, or log-log plots, set the Y-axis
scale and X-axis scale accordingly.

® Polar plane — Generate a polar plot of your data. The block plots
only the range of data corresponding to the specified frequencies.
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See Also
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® Z smith chart, Y smith chart, and ZY smith chart —
Generate a Smith chart. The block plots only the range of data
corresponding to the specified frequencies.

Specify the S-parameters to plot. From the Parameterl and
Parameter2 drop-down lists, select the S-parameters that you
want to plot. If you specify two parameters, the block plots both
parameters in a single window.

For X-Y plots, format the units of the parameters to plot from the
Formatl and Format2 drop-down lists. For polar plots and Smith
charts, the formats are set automatically.

Click Apply.

Click Plot. The block plots your data and a rational function
approximation.

Transmission Line | rationalfit
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Purpose
Library

Description

daini

‘z Outp

dinZ

Sigral Combiner

Dialog
Box and
Parameters

Examples

Compute sum of RF signals
Elements

Use the Signal Combiner block to sum signals across each carrier
frequency in the SimRF circuit envelope simulation environment. For
an introduction to RF simulation, see the example, “Circuit Envelope
Basics”

"] Block Parameters: Signal Combiner ]
Signal Combirer (mask) (link)

Combine two voltage signals together for circuit-envelope analysis,
Parameters

V| Ground and hide negative terminals,

l OK H Cancel H Help | Apply

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.

® The example, “Measuring Image Rejection Ratio in Receivers” shows
how to use a signal combiner to perform image rejection.

¢ The example, Carrier to Interference Performance of a Weaver
Receiver uses a Signal Combiner block as part of a realization of
the Weaver receiver architecture.

1-79



Sinusoid

Purpose Model DC offset and sinusoidal modulation
Librclry Sources
Description The Sinusoid block implements a voltage or current source that provides

a DC offset and sine wave modulation. This block can be used with each
listed block carrier in the circuit envelope environment.

The block implements the following voltage (or current) relationships
for the in-phase, (u,), and quadrature, (uq), components of the k" listed
block carrier:

Sirusoic

uk,i (t) = Di + Ai sin(wk (t —T))
Up,q () = Dy + A, sin(wy, (1))
where:
® D;and D, are DC offsets.

e A and A, are in-phase and quadrature amplitudes.

7 1s the time delay.

® ®, is the specified modulation frequency at a given carrier frequency
fre

t is the time.
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Dialog
Box and
Parameters

e

Block Parameters: Sinusoid

Sinusoidal Source

Farameters
Source type:
Offset in-phase:

Offzet quadrature:

Time delay:

Carrier frequencies:

Model a sinusaidal voltage ar current source,

Sinusoidal amplitude in-phase: 0
Sinusoidal amplitude quadrature: 0O

Sinusoidal modulation frequency: 0

#| Ground and hide negative terminal

Ok

[
|Idea| voltage v|
0 v =
0 v 7]
v 7
v
He ]
0 s~
0 Hz |
]| Cancel || Help Apply

Source type

Specify the wave type as:

e Ideal Voltage — The block simulates a voltage envelope v(t)
at the specified Carrier frequencies.

e Ideal Current — The block simulates a current envelope i(f)
at the specified Carrier frequencies.
The default value of this parameter is Ideal Voltage.
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Offset in-phase
Specify the in-phase offset, D,, as a scalar or vector. Specify the
units of the offset from the corresponding drop-down list. The
default value of this parameter is 0 V for a voltage signal or 0 A
for a current signal.

Offset quadrature
Specify the quadrature offset, Dq, as a scalar or vector. Specify
the units of the offset from the corresponding drop-down list. The
default value of this parameter is 0 V for a voltage signal or 0 A
for a current signal.

Sinusoidal amplitude in-phase
Specify the in-phase amplitude, A,, as a scalar or vector. Specify
the units of the offset from the corresponding drop-down list. The
default value of this parameter is 0 V for a voltage signal or 0 A
for a current signal.

Sinusoidal amplitude quadrature
Specify the quadrature amplitude, Aq, as a scalar or vector.
Specify the units of the offset from the corresponding drop-down
list. The default value of this parameter is 0 V for a voltage signal
or 0 A for a current signal.

Sinusoidal modulation frequency
At each carrier f, specified by the Carrier frequencies
parameter, specify the modulation frequency m,. Specify the
units from the corresponding drop-down list. The default value of
this parameter is 0 Hz.

Time delay
Specify the time delay, 7, of the modulation as a scalar or vector.
Specify the units from the corresponding drop-down list. The
default value of this parameter is 0 s.

Damping factor (1/s)
Specify the damping factor, ¢, of the modulation as a nonzero
scalar or vector with nonzero elements. The default value of this
parameter is 0 s’!, representing an undamped sinusoid.
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Examples

See Also

Carrier frequencies
Enter a vector of carrier frequencies whose elements are
combinations of fundamental tones and corresponding harmonics
in the Configuration block. Specify the units from the
corresponding drop-down list. The default value of this parameter
is 0 Hz.

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.

® The example “Validating IP2/IP3 Using Complex Signals” highlights
the difference between sinusoidal SImRF and Simulink sources and
shows how to use them in the same model.

e The section Model an RF Mixer uses a Sinusoid block to model an
AM waveform at the input port of a mixer.

Continuous Wave
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Purpose
Library
Description

Z+m

Model three coupled inductors for circuit envelope analysis

Elements

ThreeVincirg Trarsformer

The Three-Winding Transformer block models three coupled inductors
within the SIimRF circuit envelope simulation environment. For an
introduction to RF simulation, see the example, “Circuit Envelope
Basics”.

The block implements the relations
dr. dy. dr.
v () =1Ly E[h(t)] + My a[lz(t)] + M3 E[ls(t)]
d. d. dy.
v (t) = M1y E[ﬁ(t)] + Ly E[@ ®)]+ My @[13 ®)]

vg(t) = My3 %[il(t)] + Mo %[lé ®)]+ Lg %[lé @]

My, = qu\/Lqu

where:

* L, L, and L, represent inductances.

® M, represents the mutual inductance between the pth and gth
inductors, with coefficient of coupling K, .

® v,(?), vy(d), and v4(?) represent the voltage across the terminals of the
inductors at time ¢.



Three-Winding Transformer

Dialog
Box and
Parameters

® i,(9), i,(t), and i,(?) represent the current through the inductors at
time ¢. The block uses standard dot notation to indicate the direction
of positive current flow relative to a positive voltage.

SimRF current and voltage signals consist of in-phase (I,) and

quadrature (§,) components at each frequency f, specified in the
Configuration block:

i©)= Y (i, @)+ j-ig, ) e/ ¥

)
v(t) = z (ka @& +j- va (t))ej(2ﬂfk)t
)
Block Parameters: Three-Winding Transformer @

Three-Winding Transformer

Model thres winding transformer.

Wiew source for Three-Winding

Transformer

Farameters

Inductance L1: 1e-6 H -
Inductance L2: 1e-6 H -
Inductance L3: 1=-6 H -
Coefficient of coupling K12: 0.9

Coefficient of coupling K13: 0.9

Coefficient of coupling K23: 0.9

Ok, ]| Cancel H Help Apply

Inductance L1
Specify the inductance of the first inductor, L,, as a scalar value
greater than or equal to 0. Specify the units of the inductance
from the corresponding drop-down list. The default value of this
parameter is 1e-6 H.
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See Also

Inductance L2
Specify the inductance of the second inductor, L,, as a scalar value
greater than or equal to 0. Specify the units of the inductance
from the corresponding drop-down list. The default value of this
parameter is 1e-6 H.

Inductance L3
Specify the inductance of the third inductor, L, as a scalar value
greater than or equal to 0. Specify the units of the inductance
from the corresponding drop-down list. The default value of this
parameter is 1e-6 H.

Coefficient of coupling K12

Specify the coefficient of coupling for the mutual inductance of the
first and second inductors, K,,, as a scalar value between 0 and 1,
inclusive. The default value of this parameter is 0.9.

Coefficient of coupling K13
Specify the coefficient of coupling for the mutual inductance of the
first and third inductors, K, ,, as a scalar value between 0 and 1,
inclusive. The default value of this parameter is 0.9.

Coefficient of coupling K23

Specify the coefficient of coupling for the mutual inductance of the
second and third inductors, K,,, as a scalar value between 0 and
1, inclusive. The default value of this parameter is 0.9.

Note The minimum nonzero inductance value that the SimRF
environment recognizes is 1e-18 H. During simulation, the block uses
a value of 1e-18 H for any inductance and mutual inductance values
specified between 0 and 1e-18 H.

Inductor | Mutual Inductor



Transmission Line

Purpose
Library

Description

g1 }-z2p

Lumipes-L

Transmissior Lire

Dialog
Box and
Parameters

Model transmission line
Elements

The Transmission Line block models transmission lines.
Lumped-element transmission line models are lossy and can only be
simulated in the time domain. Distributed transmission models use an
S-parameter representation. These models are simulated using either a
time or frequency domain modeling option. For an introduction to RF
simulation, see the example, “Circuit Envelope Basics”.

Main Tab

[Pa] Block Parameters: Transmission Line =
Transmission Line

Model a transmission line.

[ man |
Parameters
Model type: {Lumped parameter L-section 'I
Parameterization: ‘By characteristic impedance and capacitance ~ |
Characteristic impedance: 50 |Dhm B
Resistance per unit length: .3 |0hm,’m 5 |
Capacitance per unit length:  94e-12 |Flm =
Conductance per unit length: Se-6 |S/m - |
Line length: 1 |cm n
Number of segments: 10
[¥] Ground and hide negative terminals

0K H Cancel H Help

Model type

Lumped parameter L-section
Specify the transmission line as a number of RLGC L-sections.
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When you select this option, the following dialog box
parameters become available:

— Parameterization

Choose a parameterization for the segments. The default
parameterization is By characteristic impedance and
capacitance.

When you select By characteristic impedance and
capacitance, these parameters appear:

Characteristic impedance

Specify the characteristic impedance of the transmission
line. Specify the units from the corresponding drop-down
list. The default value of this parameter is 50 Ohm.

Resistance per unit length

Resistance per unit length, R. Specify the units from the
corresponding drop-down list. The default value of this
parameter is .3 Ohm/m.

Capacitance per unit length

Capacitance per unit length, C. Specify the units from the
corresponding drop-down list. The default value of this
parameter is 94e-12 F/m.

Conductance per unit length

Conductance per unit length, G. Specify the units from
the corresponding drop-down list. The default value of
this parameter is 5e-6 S/m.
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Line length

Physical length of the transmission line, I. Specify the
units from the corresponding drop-down list. The default
length is 1 cm.

Number of segments

Number of segments of the transmission line, N. The
default number of segments is 10.

When you select By inductance and capacitance, these
parameters appear:

Resistance per unit length

Resistance per unit length, R. Specify the units from
the corresponding drop-down list. The default value is
.3 Ohm/m.

Inductance per unit length

Inductance per unit length, G. Specify the units from the
corresponding drop-down list. The default value of this
parameter 1s 235e-9 H/m.

Capacitance per unit length

Capacitance per unit length, C. Specify the units from the
corresponding drop-down list. The default value of this
parameter is 94e-12 F/m.

Conductance per unit length

Conductance per unit length, G. Specify the units from
the corresponding drop-down list. The default value of
this parameter is 5e-6 S/m.

Line length

Physical length of the transmission line, I. Specify the
units from the corresponding drop-down list. The default
length is 1 cm.
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Number of segments

Number of segments of the transmission line, N. The
default number of segments is 10.

Lumped parameter pi-section
Specify the transmission line as a number of RLGC pi-sections.

AN\—BU5
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When you select this option, the following dialog box
parameters become available:

— Parameterization

Choose a parameterization for the segments. The default
parameterization is By characteristic impedance and
capacitance.

When you select By characteristic impedance and
capacitance, these parameters appear:

Characteristic impedance

Specify the characteristic impedance of the transmission
line. Specify the units from the corresponding drop-down
list. The default value of this parameter is 50 Ohm.

Resistance per unit length

Resistance per unit length, R. Specify the units from the
corresponding drop-down list. The default value of this
parameter is .3 Ohm/m.

Capacitance per unit length
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Capacitance per unit length, C. Specify the units from the
corresponding drop-down list. The default value of this
parameter is 94e-12 F/m.

Conductance per unit length

Conductance per unit length, G. Specify the units from
the corresponding drop-down list. The default value of
this parameter is 5e-6 S/m.

Line length

Physical length of the transmission line, I. Specify the
units from the corresponding drop-down list. The default
length is 1 cm.

Number of segments

Number of segments of the transmission line, N. The
default number of segments is 10.

When you select By inductance and capacitance, these
parameters appear:

Resistance per unit length

Resistance per unit length, R. Specify the units from the
corresponding drop-down list. The default value of this
parameter is .3 Ohm/m.

Inductance per unit length

Inductance per unit length, G. Specify the units from the
corresponding drop-down list. The default value of this
parameter 1s 235e-9 H/m.

Capacitance per unit length

Capacitance per unit length, C. Specify the units from the
corresponding drop-down list. The default value of this
parameter is 94e-12 F/m.

Conductance per unit length
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Conductance per unit length, G. Specify the units from
the corresponding drop-down list. The default value of
this parameter is 5e-6 S/m.

Line length

Physical length of the transmission line, I. Specify the
units from the corresponding drop-down list. The default
length is 1 cm.

Number of segments

Number of segments of the transmission line, N. The
default number of segments is 10.

Coaxial

Specify the transmission line as a coaxial transmission line.

A coaxial transmission line is shown in cross-section in the
following figure. Its physical characteristics include the radius
of the inner conductor, a, and the radius of the outer conductor

b.

Inner canductar
Dielectric

Nufer conductar

@

b

When you select this option, the following dialog box
parameters become available:

— Outer radius
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Radius of the outer conductor of the coaxial transmission
line. The default value of this parameter is 2.57 mm.

— Inner radius

Radius of the inner conductor of the coaxial transmission
line. The default value of this parameter is 0.725 mm.

— Relative permeability constant

Relative permeability of the dielectric. This value is
expressed as the ratio of the permeability of the dielectric
to permeability in free space, y,. The default value of this
parameter is 1.

— Relative permittivity constant

Relative permittivity of the dielectric. This value is
expressed as the ratio of the permittivity of the dielectric
to permittivity in free space, g,. The default value of this
parameter is 2.2.

— Loss Tangent of dielectric

Loss angle tangent of the dielectric. The default value of
this parameter 1is 0.

— Line length

Physical length of the transmission line. The default value
of this parameter is 1 cm.

— Conductivity of conductor

Conductivity of the conductor in siemens per meter. The
default value of this parameter is inf S/m.

— Stub mode

Type of stub. Choices are Not a stub, Shunt, or Series.
The default value is Not a stub. See Transmission Line
with Stub on page 109 for more information.
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The following auxiliary equations are used for ABCD
Parameter Calculations. For general information, see ABCD
Parameter Calculations for a Transmission Line on page 109

R+ joL
Z0= D ——
G+ joC

k=k, + jk = (R + joL)G + joC)

where

et
2ﬂacond500nd a b

L= [éj
2 a

G- 27rco[;9
ln(j

a

C= 2rne

m(—zj

In these equations:
a is the radius of the inner conductor.
b is the radius of the outer conductor.
0,nq 18 the conductivity in the conductor.
I 1s the permeability of the dielectric.
£ 1s the permittivity of the dielectric.
£"1is the imaginary part of €, £” = g,e,tan 6, where:
g, 1s the permittivity of free space.

e.1is the Relative permittivity constant parameter
value.
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tan § is the Loss tangent of dielectric parameter
value.

0.onq 18 the skin depth of the conductor, which the block

C
calculates as 1/ nfuc o nq -

f1s a vector of internal modeling frequencies.

Coplanar waveguide

Specify the transmission line as a coplanar waveguide. A
coplanar waveguide transmission line is shown in cross-section
in the following figure. Its physical characteristics include the
conductor width, w, the conductor thickness, ¢, the slot width, s,
the substrate height, d, and the relative permittivity constant,
e.

vl
L T ‘

r

When you select this option, the following dialog box
parameters become available:

— Conductor width

Physical width of the conductor. The default value of this
parameter is 0.6 mm.

— Slot width

Physical width of the slot. The default value of this
parameter is 0.2 mm.

— Substrate height
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Thickness of the dielectric on which the conductor resides.
The default value of this parameter is 0.635 mm.

— Strip thickness

Physical thickness of the conductor. The default value of
this parameter is 5 um.

— Relative permittivity constant

Relative permittivity of the dielectric. This value is
expressed as the ratio of the permittivity of the dielectric
to permittivity in free space, £,. The default value of this
parameter is 2.2.

— Loss Tangent of dielectric

Loss angle tangent of the dielectric. The default value of
this parameter is 1.

— Line length

Physical length of the transmission line. The default value
of this parameter is 1 cm.

— Conductivity of conductor

Conductivity of the conductor in siemens per meter. The
default value of this parameter is inf S/m.

— Stub mode

Type of stub. Choices are Not a stub, Shunt, or Series.
The default value is Not a stub. See Transmission Line
with Stub on page 109 for more information.

The following auxiliary equations are used for ABCD
Parameter Calculations. For general information, see ABCD
Parameter Calculations for a Transmission Line on page 109

Z, and k are vectors whose elements correspond to the
elements of f, a vector of internal modeling frequencies. Both
vectors can be expressed in terms of the specified conductor
strip width, slot width, substrate height, conductor strip
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thickness, relative permittivity constant, conductivity and
dielectric loss tangent of the transmission line, as described
in [3].

Microstrip

Specify the transmission line as a microstrip transmission
line. A microstrip transmission line is shown in cross-section
in the following figure. Its physical characteristics include the
microstrip width, w, the microstrip thickness, ¢, the substrate
height, d, and the relative permittivity constant, &.

“4
L T-

When you select this option, the following dialog box
parameters become available:

— Strip width

Width of the microstrip transmission line. The default value
of this parameter is 0.6 mm.

— Substrate height

Thickness of the dielectric on which the microstrip resides.
The default value of this parameter is 0.635 mm.

— Strip thickness

Physical thickness of the microstrip. The default value of
this parameter is 5 um.

— Relative permittivity constant
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Relative permittivity of the dielectric expressed as the ratio
of the permittivity of the dielectric to permittivity in free
space, g, The default value of this parameter is 2.2.

— Loss Tangent of dielectric

Loss angle tangent of the dielectric. The default value of
this parameter is 0.

— Line length

Physical length of the transmission line. The default value
of this parameter is 1 cm.

— Conductivity of conductor

Conductivity of the conductor in siemens per meter. The
default value of this parameter is inf S/m.

— Stub mode

Type of stub. Choices are Not a stub, Shunt, or Series.
The default value is Not a stub. See Transmission Line
with Stub on page 109 for more information.

The following auxiliary equations are used for ABCD
Parameter Calculations. For general information, see ABCD
Parameter Calculations for a Transmission Line on page 109

Z, and k are vectors whose elements correspond to a vector of
internal modeling frequencies. Both vectors can be expressed
in terms of the specified conductor strip width, substrate
height, conductor strip thickness, relative permittivity
constant, conductivity, and dielectric loss tangent of the
microstrip line.

Two-wire

Specify the transmission line as two-wire transmission line.

A two-wire transmission line is shown in cross-section in the
following figure. Its physical characteristics include the radius
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of the wires, a, the separation or physical distance between the
wire centers, S, and the relative permittivity and permeability
of the wires. [2] SimRF Equivalent Baseband software assumes
the relative permittivity and permeability are uniform.

Wires

-+—— Dielectric

A

When you select this option, the following dialog box
parameters become available:

— Wire radius

Radius of the conducting wires of the two-wire transmission
line. The default value of this parameter is 0.67 mm.

— Wire separation

Physical distance between the wires. The default value of
this parameter is 1.62 mm.

— Relative permeability constant

Relative permeability of the dielectric. This value is
expressed as the ratio of the permeability of the dielectric
to permeability in free space, p,. The default value of this
parameter is 1.

— Relative permittivity constant
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Relative permittivity of the dielectric expressed as the ratio
of the permittivity of the dielectric to permittivity in free
space, g, The default value of this parameter is 2.2.

— Loss Tangent of dielectric

Loss angle tangent of the dielectric. The default value of
this parameter is 0.

— Line length

Physical length of the transmission line. The default value
of this parameter is 1 cm.

— Conductivity of conductor

Conductivity of the conductor in siemens per meter. The
default value of this parameter is inf S/m.

— Stub mode

Type of stub. Choices are Not a stub, Shunt, or Series.
The default value is Not a stub. See Transmission Line
with Stub on page 109 for more information.

The following auxiliary equations are used for ABCD
Parameter Calculations. For general information, see ABCD
Parameter Calculations for a Transmission Line on page 109

Z, and k are vectors whose elements correspond to the
elements of f, a vector of modeling frequencies. Both vectors
can be expressed in terms of the resistance (R), inductance
(L), conductance (G), and capacitance (C) per unit length
(meters) as follows:

R+ joL
Z0= T
G+ joC

k=k, + jk; = (R + joL)G + joC)

where
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R—_ 1
A0 cond 5cond
L=£ a cosh (2 )
T 2a
G- mwe”
(2]
acosh| —
2a
C= ”—SD
acosh ( )
2a
and o =2xf.

In these equations:
0,nq 18 the conductivity in the conductor.

o 1s the permeability of the dielectric.

£ is the permittivity of the dielectric.

¢"1is the imaginary part of €, £” = g,e,tan 6, where:

g, is the permittivity of free space.

,1s the Relative permittivity constant parameter
value.

tan 6 is the Loss tangent of dielectric parameter
value.

0.onq 18 the skin depth of the conductor, which the block
calculates as 1/ nfuc . nq -

f is a vector of modeling frequencies determined by the
Output Port block.
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Parallel plate

Specify the transmission line as a parallel-plate transmission
line. A parallel-plate transmission line is shown in cross-section
in the following figure. Its physical characteristics include the
plate width, w, and the plate separation, d. [2]

e Conductar
Dekdric

T (onductar

When you select this option, the following dialog box
parameters become available:

— Plate width

Physical width of the parallel-plate transmission line. The
default value of this parameter is 5 mm.

— Plate separation

Thickness of the dielectric separating the plates. The default
value of this parameter is 1 mm.

— Relative permeability constant

Relative permeability of the dielectric expressed as the ratio
of the permeability of the dielectric to permeability in free
space, u,. The default value of this parameter is 1.

— Relative permittivity constant

Relative permittivity of the dielectric expressed as the ratio
of the permittivity of the dielectric to permittivity in free
space, g,. The default value of this parameter is 2.2.

— Loss Tangent of dielectric
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Loss angle tangent of the dielectric. The default value of
this parameter is 0.

Line length

Physical length of the transmission line. The default value
of this parameter is 1 cm.

Conductivity of conductor

Conductivity of the conductor. The default value of this
parameter is inf mS/m.

Stub mode

Type of stub. Choices are Not a stub, Shunt, or Series.
The default value is Not a stub. See Transmission Line
with Stub on page 109 for more information.

The following auxiliary equations are used for ABCD
Parameter Calculations. For general information, see ABCD
Parameter Calculations for a Transmission Line on page 109

Z, and k are vectors whose elements correspond to the
elements of f, a vector of modeling frequencies. Both vectors
can be expressed in terms of the resistance (R), inductance
(L), conductance (G), and capacitance (C) per unit length
(meters) as follows:

R+ joL
Z0= -~ .~
G+ joC

k=k, + jk = (R + joL)G + joC)

where
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R—__ 2
wacondécond
L= ,ui
w
G=0we"¥
d
c=¢c%
d

In these equations:
0,nq 18 the conductivity in the conductor.
o 1s the permeability of the dielectric.
£ is the permittivity of the dielectric.
¢"1is the imaginary part of €, £” = g,e,tan 6, where:

g, is the permittivity of free space.

€,1s the Relative permittivity constant parameter
value.

tan 6 is the Loss tangent of dielectric parameter
value.

0.onq 18 the skin depth of the conductor, which the block

Ct
calculates as 1/ nfuc o nq -

f is a vector of modeling frequencies determined by the
Output Port block.

Equation-based

Specify the transmission line as an equation-based transmission
line. The transmission line, which can be lossy or lossless, is
treated as a two-port linear network.
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When you select this option, the following dialog box
parameters become available:

— Phase velocity (m/s

Propagation velocity of a uniform plane wave on the
transmission line. The default value of this parameter is
299792458.

— Characteristic impedance

Characteristic impedance of the transmission line. The
value can be complex. The default value of this parameter
is 50 Ohm.

— Loss (dB/m)

Reduction in strength of the signal as it travels over the
transmission line. This value must be positive. The default
value of this parameter is 0.

— Line length

Physical length of the transmission line. The default value
of this parameter is 1 cm.

— Frequency

Vector of modeling frequencies. The block performs the
calculations listed in the Description section at each
frequency you provide. The default value of this parameter
is 1e9 Hz.

— Interpolation method

Specify the interpolation method the block uses to calculate
the parameter values at the modeling frequencies. Your
choices are Linear, Spline, or Cubic. The default value of
this parameter is Linear.

— Stub mode
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Type of stub. Choices are Not a stub, Shunt, or Series.
The default value is Not a stub. See Transmission Line
with Stub on page 109 for more information.

The following auxiliary equations are used for ABCD
Parameter Calculations. For general information, see ABCD
Parameter Calculations for a Transmission Line on page 109

Z, is the specified characteristic impedance. k is a vector
whose elements correspond to the elements of the input
vector, freq. The block calculates k from the specified
parameters as k = a, + i, where g, is the attenuation
coefficient and S is the wave number. The attenuation
coefficient a, is related to the specified loss, a, by

a, =-1n(102720)

a

The wave number £ is related to the specified phase velocity,
V., by
p’

The phase velocity V, is also known as the wave propagation
velocity.

RLCG

Specify the transmission line as an RLCG transmission line.
This line is described in the block dialog box in terms of its
frequency-dependent resistance, inductance, capacitance, and
conductance. The transmission line, which can be lossy or
lossless, is treated as a two-port linear network.
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Iz) R L I(z')

N —-——0<+——T3—>»0

where 2’ = z + Az.

When you select this option, the following dialog box
parameters become available:

— Resistance per unit length

Vector of resistance values in ohms per meter. The default
value of this parameter is 0.3 Ohm/m.

— Inductance per unit length

Vector of inductance values in henries per meter. The default
value of this parameter is 235e-9 H/m.

— Capacitance per unit length

Vector of capacitance values in farads per meter. The default
value of this parameter is 94e-12 F/m.

— Conductance per unit length

Vector of conductance values in siemens per meter. The
default value of this parameter is 5e-6 S/m.

— Line length

Physical length of the transmission line. The default value
of this parameter is 1 cm.
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— Frequency

Vector of frequency values at which the resistance,
inductance, capacitance, and conductance values are known.
The default value of this parameter is 19 Hz.

Interpolation method

Specify the interpolation method the block uses to calculate
the parameter values at the modeling frequencies. Your
choices are Linear, Spline, or Cubic. The default value of
this parameter is Linear.

Stub mode

Type of stub. Choices are Not a stub, Shunt, or Series.
The default value is Not a stub. See Transmission Line
with Stub on page 109 for more information.

The following auxiliary equations are used for ABCD
Parameter Calculations. For general information, see ABCD
Parameter Calculations for a Transmission Line on page 109

Z, and k are vectors whose elements correspond to the
elements of f, a vector of modeling frequencies. Both vectors
can be expressed in terms of the resistance (R), inductance
(L), conductance (G), and capacitance (C) per unit length
(meters) as follows:

R+ joL
Z0= -~ .~
G+ joC

k=k, + jk = J(R+ joL)G + joC)

Ground and hide negative terminals
Select this check box to internally ground and hide the negative
terminals. Clear the check box to expose the negative terminals.
By exposing these terminals, you can connect them to other parts
of your model.

By default, this check box is selected.
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ABCD Parameter Calculations for a Transmission Line

When modeling a transmission line, the block first calculates the
ABCD-parameters at at a set of internal frequencies. It then uses the
abcd2s function to convert the ABCD-parameters to S-parameters.

The block calculates the ABCD-parameters from the physical length
of the transmission line, d, and the complex propagation constant, &,
using the following set of equations:

A okd o ghd
2
Z *( okd e—kd)
B=
2
kd _ —kd
C= e . e
2% 7,
b ok o ghd

Transmission Line with Stub

When you set the Stub mode parameter in the mask dialog box to
Shunt, the two-port network comprises a stub transmission line. You
can terminate this line with either a short circuit or an open circuit
as shown in the following figure.

7, is the input impedance of the shunt circuit. The ABCD-parameters
for the shunt stub are calculated as
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When you set the Stub mode parameter in the mask dialog box to
Series, the two-port network comprises a series transmission line. You
can terminate this line with either a short circuit or an open circuit

as shown here.

o T o o T o
Z:l'n E"r:l'J'J

[ 0 o 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as

Qo wm»
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Modeling Tab

Block Parameters: Transmission Line

Transmission Line

Model a transmission line.

Main | Modeling

Visualization

Modeling options: [Frequenc'_.r domain

oK

][ Cancel H

Help

| | Apply
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1-112

Modeling options

Modeling domain. Select Frequency domain or Time domain
(rationalfit) from the drop-down list.

When modelling using Frequency domain, Visualization tab
plots only the data defined in Data Source.

When modelling using Time domain, Visualization tab plots the
data defined Data Source and the rationalfit values .

For the Amplifier and S-parameters blocks, the default value is
Time domain (rationalfit). For the Transmission Line block,
the default value is Frequency domain.

Fitting options

This field displays when you select Time domain (rationalfit)
as the Modeling options. Valid values are Share all poles,
Share poles by columns, and Fit individually.

For the Amplifier block, the default value is Fit individually.
For the S-parameters block, the default value is Share all
poles.

Relative error desired (dB)

This field displays when you select Time domain (rationalfit)
as the Modeling options. Enter the desired relative error in
decibels (dB). The default value is -40.

Rational fitting results

These fields display the results of rational fitting when you select
Time domain (rationalfit) as the Modeling options.
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Visualization Tab

[ o

Elock Parameters: Transmission Line @

Transmission Line

Maodel a transmission line.

| Main | Modeling | Visualization

Source of frequency data: [User—speciﬂed *]

Frequency data: [1e9:1e6:329] [Hz T]
Plot type: [:{—v plane *]
Farameterl: 511 - Formatl: [Magnitude (decibels) T]
Parameter2: 522 | Format2: [Magnitude (decibels) *]

Y-axis scale: Linear - ¥-axis scale: [Linear T]

[ 0K H Cancel H Help H Apply ]
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1-114

Source of frequency data

Frequency data source. When Source of frequency data is
Extracted from data source, the Data source must be set to
Data file. Verify that the specified Data file contains frequency
data.

When Source of frequency data is User-specified, specify a
vector of frequencies in the Frequency data parameter. Also,
specify units from the corresponding drop-down list.

For the Amplifier and S-parameters blocks, the default value is
Extracted from source data. For the Transmission Line block,
the default value is User-specified.

Plot type

Specify the type of plot that you want to produce with your data.
The Plot type parameter provides the following options:

® X-Y plane — Generate a Cartesian plot of your data versus
frequency. To create linear, semilog, or log-log plots, set the
Y-axis scale and X-axis scale accordingly.

® Polar plane — Generate a polar plot of your data. The block
plots only the range of data corresponding to the specified
frequencies.

® Z smith chart, Y smith chart, and ZY smith chart —
Generate a Smith chart. The block plots only the range of data
corresponding to the specified frequencies.

The default value is X-Y plane.

Parameter #

Specify the S-parameters to plot. From the Parameterl and
Parameter2 drop-down lists, select the S-parameters that you
want to plot. If you specify two parameters, the block plots both
parameters in a single window.
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Tips

References

The default value for Parameterl is S11. For the Amplifier
and S-parameters blocks, the default value for Parameter?2 is
None. For the Transmission Line block, the default value for
Parameter2 is S22.

Format #
For X-Y plots, format the units of the parameters to plot from
the Formatl and Format2 drop-down lists. For polar plots and
Smith charts, the formats are set automatically.

The default value is Magnitude (decibels).

Y-axis scale
Scale for the Y-axis.

The default value is Linear.

X-axis scale
Scale for the X-axis.

The default value is Linear.

¢ In general, blocks that model delay effects rely on signal history. You
can minimize numerical error for these blocks that occurs because of
a lack of signal history at the start of a simulation. To do so, in the
Configuration Parameters dialog box Solver pane you can specify
an Initial step size. For models with delay-based Transmission
Line blocks, use an initial step size that is less than the value of the
Delay parameter.

[1] Sussman-Fort, S. E., and J. C. Hantgan. “SPICE Implementation
of Lossy Transmission Line and Schottky Diode Models.” IEEE
Transactions on Microwave Theory and Techniques.Vol. 36, No.1,
January 1988.

[2] Pozar, David M., Microwave Engineering. Hoboken, NJ: John Wiley
& Sons, Inc., 2005.
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[4] Ludwig, Reinhold and Pavel Bretchko. RF Circuit Design: Theory
and Applications. Englewood Cliffs: NdJ: Prentice-Hall, 2000.

[6] True, Kenneth M. “Data Transmission Lines and Their
Characteristics.” National Semiconductor Application Note 806, April
1992.
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Amplifier (Idealized Baseband)

Purpose

Library

Description

{> }

Complex baseband model of amplifier with noise

Mathematical

Note To use this block, you must install DSP System Toolbox™
software. For more information, see the SImRF release notes.

The Amplifier block generates a complex baseband model of an amplifier
with thermal noise. It provides six methods for modeling nonlinearity
and three ways to specify noise.

Note This block assumes a nominal impedance of 1 ohm.

Modeling Nonlinearity

Use the Method parameter in the block dialog box to specify the
method for modeling amplifier nonlinearity. The options for the
Method parameter are

® Linear

® Cubic polynomial

® Hyperbolic tangent

® Saleh model

® Ghorbani model

® Rapp model

The linear method is implemented by a Gain block. The other nonlinear
methods are implemented by subsystems underneath the block’s mask.

Each subsystem has the same basic structure, as shown in the following
figure.
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AMPM
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Application of Nonlinearity

All five subsystems for the nonlinear Method options apply a
memoryless nonlinearity to the complex baseband input signal. Each
one

1 Multiplies the signal by a gain factor.
2 Splits the complex signal into its magnitude and angle components.

3 Applies an AM/AM conversion to the magnitude of the signal,
according to the selected nonlinearity method, to produce the
magnitude of the output signal.

4 Applies an AM/PM conversion to the phase of the signal, according to
the selected nonlinearity method, and adds the result to the angle of
the signal to produce the angle of the output signal.

5 Combines the new magnitude and angle components into a complex
signal and multiplies the result by a gain factor, which is controlled
by the Linear gain parameter.

AM/AM and AM/PM Conversions

The subsystems for the nonlinear methods implement the AM/AM and
AM/PM conversions differently, according to the nonlinearity method
you specify. To see exactly how the Amplifier block implements the
conversions for a specific method, you can view the AM/AM and AM/PM
subsystems that implement these conversions as follows:

1 Right-click the Amplifier block.
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2 Select Look under mask in the pop-up menu. This displays the
block’s configuration underneath the mask. The block contains five
subsystems corresponding to the five nonlinearity methods.

3 Double-click the subsystem for the method in which you are
interested. A subsystem displays similar to the one shown in the
preceding figure.

4 Double-click one of the subsystems labeled AM/AM or AM/PM to view
how the block implements the conversions.

The following figure shows, for the Saleh method, plots of

® Qutput voltage against input voltage for the AM/AM conversion
® Qutput phase against input voltage for the AM/PM conversion
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Model Parameters and Characteristics of Nonlinearity
Modeling Methods

The following sections discuss how the parameters specific to the
following nonlinear amplifier models affect the AM/AM and AM/PM
characteristics of the Amplifier block:

Cubic Polynomial Model on page 5

Hyperbolic Tangent Model on page 6
Saleh Model on page 7

Ghorbani Model on page 8

Rapp Model on page 9

Note The Amplifier block also enables you to model a linear amplifier.

Cubic Polynomial Model

When you select Cubic polynomial for the nonlinearity modeling
Method parameter, the Amplifier block models the AM/AM
nonlinearity by:

1 Using the third-order input intercept point IIP3 (dBm) parameter to
compute the factor, f, that scales the input signal before the Amplifier
block applies the nonlinearity:

f=|rmma = 3
ITP3 (Watts) 10(IIP3(dBm)-30)/10

2 Computing the scaled input signal by multiplying the amplifier input
signal by f.

3 Limiting the scaled input signal to a maximum value of 1.
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4 Applying an AM/AM conversion to the amplifier gain, according to
the following cubic polynomial equation:

3

Fapr)am@) = u—%

where u is the magnitude of the scaled input signal, which is a
unitless normalized input voltage.

The Amplifier block uses the AM/PM conversion (degrees per

dB) parameter, which specifies the linear phase change, to add the
AM/PM nonlinearity within the power limits specified by the Lower
input power limit for AM/PM conversion (dBm) parameter and
the Upper input power limit for AM/PM conversion (dBm)
parameter. Outside those limits, the phase change is constant at the
values corresponding to the lower and upper input power limits, which
are zero and

(AM/PM conversion) - (upper input power limit — lower input power limit),

respectively.

The Linear gain (dB) parameter scales the output signal.

Hyperbolic Tangent Model

When you select Hyperbolic tangent for the nonlinearity modeling
Method parameter, the Amplifier block computes and adds the AM/AM
nonlinearity by:

1 Using the third-order input intercept point IIP3 (dBm) parameter to
compute the factor, f, that scales the input signal before the Amplifier
block applies the nonlinearity:

fo e = 3
1IP3 (Watts) 10(1IP3(dBm)-30)/10

2 Computing the scaled input signal by multiplying the amplifier input
signal by f.
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3 Limiting the scaled input signal to a maximum value of 1.

4 Applying an AM/AM conversion to the amplifier gain, according to
the following cubic polynomial equation:

Faprs oy @) =tanhu

where u is the magnitude of the scaled input signal, which is a
unitless normalized input voltage.

The Amplifier block uses the AM/PM conversion (degrees per

dB) parameter, which specifies the linear phase change, to add the
AM/PM nonlinearity within the power limits specified by the Lower
input power limit for AM/PM conversion (dBm) parameter and
the Upper input power limit for AM/PM conversion (dBm)
parameter. Outside those limits, the phase change is constant at the
values corresponding to the lower and upper input power limits, which
are zero and

(AM/PM conversion) - (upper input power limit — lower input power limit),
respectively.

The Linear gain (dB) parameter scales the output signal.

Saleh Model

When you select Saleh model for the nonlinearity modeling Method
parameter, the Input scaling (dB) parameter scales the input signal
before the nonlinearity is applied. The block multiplies the input signal
by the parameter value, converted from decibels to linear units. If you
set the parameter to be the inverse of the input signal amplitude, the
scaled signal has amplitude normalized to 1.

The AM/AM parameters, alpha and beta, are used to compute the
amplitude gain for an input signal using the following function

au

FapiamWw = ——
! 1+ pu?

where u is the magnitude of the scaled signal.
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The AM/PM parameters, alpha and beta, are used to compute the phase
change for an input signal using the following function

au?
1+ﬁu2

Fappm (@) =

where u is the magnitude of the input signal. Note that the AM/AM
and AM/PM parameters, although similarly named alpha and beta,
are distinct.

The Output scaling (dB) parameter scales the output signal similarly.

Ghorbani Model

When you select Ghorbani model for the nonlinearity modeling
Method parameter, the Input scaling (dB) parameter scales the
input signal before the nonlinearity is applied. The block multiplies the
input signal by the parameter value, converted from decibels to linear
units. If you set the parameter to be the inverse of the input signal
amplitude, the scaled signal has amplitude normalized to 1.

The AM/AM parameters, [x; x, x, x,], are used to compute the amplitude
gain for an input signal using the following function

X.

xqu?

Fppyam@ = ————+x4u
1+ xqu™

where u is the magnitude of the scaled signal.

The AM/PM parameters, [y, y, ¥; ¥,], are used to compute the phase
change for an input signal using the following function

uYz
Fapripm (@) = Ny
1+ yqu

where u is the magnitude of the scaled signal.

The Output scaling (dB) parameter scales the output signal similarly.
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Rapp Model

When you select Rapp model for the nonlinearity modeling Method
parameter, the Smoothness factor and Output saturation level
parameters are used to compute the amplitude gain for an input signal
by the following function

Fangsap @) = I

2S oS
1+ %
Osat

where u is the magnitude of the scaled signal, S is the Smoothness
factor and O, is the Output saturation level.

The Rapp model does not apply a phase change to the input signal.

The Output saturation level parameter limits the output signal
level. The Smoothness factor parameter controls the transition for
the amplitude gain as the input amplitude approaches saturation. The
smaller the smoothness factor, the smoother the curve.

Thermal Noise Simulation

You can specify the amount of thermal noise in three ways, according to
the Specification method parameter you select.

® Noise temperature — Specifies the noise in kelvin.

® Noise factor — Specifies the noise by the following equation:

Noise temperature
290

Noise factor = 1+

® Noise figure — Specifies the noise in decibels relative to a noise
temperature of 290 kelvin. In terms of noise factor,

Noise figure = 10log(Noise factor)
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Dialog
Box

2-10

Note Some RF blocks require the sample time to perform baseband
modeling calculations. To ensure the accuracy of these calculations,
the Input Port block, as well as the mathematical RF blocks, compare
the input sample time to the sample time you provide in the mask. If
they do not match, or if the input sample time i1s missing because the
blocks are not connected, an error message appears.

E! Function Block Parameters: Amplifier |

—amplifier [mazk] [link]

Complex bazeband model of amplifier with noize.

In addition to Linear amplifier, thiz block has five different methads to madel the
nonlinear arplifier.

Two of the nonlinear methods [Cubic Polynomial and Hyperbolic Tangent] fit curves
to measured data provided by the gain and third order intercept point (11P3)
parameters. They generate a linear AM/PM charactenistic within the user-specified
input power limitz. Dutside thaze limits, the Ak /PM iz constant.

The other three nonlinear method: use models originated by Saleh, Ghorbani, and
Rapp. The Saleh and Ghorbani models are bazed on nomalized nonlinear transfer
functions. Use the Input scaling and Output scaling parameters to adjust signal levels
up or down from their normalized values.

The amount of noise added to the output signal may be specified either in terms of
noise temperature, noise figure, or noise factar.

—Parameters

Method: I Linear j

Linear gain [dB]:
jo

Specification method:l Moize factor j
Moise factor:

|2
Initial seed:
|67as7

The parameters displayed in the dialog box vary for different methods
of modeling nonlinearity. Only some of these parameters are visible
in the dialog box at any one time.
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You can change tunable parameters while the model is running.

Method
Method used to model the nonlinearity. The choices are Linear,
Cubic polynomial, Hyperbolic tangent, Saleh model,
Ghorbani model, Rapp model. Tunable.

Linear gain (dB)
Scalar specifying the linear gain for the output function. This
field becomes visible if you select Linear, Cubic polynomial,
Hyperbolic tangent, or Rapp model as the Method parameter.
Tunable.

IIP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select Cubic polynomial or Hyperbolic tangent as
the Method parameter. For both of these methods, the nominal
impedance is 1 ohm. Tunable.

AM/PM conversion (degrees per dB)
Scalar specifying the AM/PM conversion in degrees per decibel.
This field becomes visible if you select Cubic polynomial or
Hyperbolic tangent as the Method parameter. Tunable.

Lower input power limit for AM/PM conversion (dBm)
Scalar specifying the minimum input power for which AM/PM
conversion scales linearly with input power value. Below this
value, the phase shift resulting from AM/PM conversion is zero.
This field becomes visible if you select Cubic polynomial or
Hyperbolic tangent as the Method parameter. Tunable.

Upper input power limit for AM/PM conversion (dBm)
Scalar specifying the maximum input power for which AM/PM
conversion scales linearly with input power value. Above this
value, the phase shift resulting from AM/PM conversion is
constant. The value of this maximum shift is given by:

(AM/PM conversion) - (upper input power limit — lower input power limit),

2-11
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This field becomes visible if you select Cubic polynomial or
Hyperbolic tangent as the Method parameter. Tunable.

Input scaling (dB)
Number that scales the input signal level. This field becomes
visible if you select Saleh model or Ghorbani model as the
Method parameter. Tunable.

Output scaling (dB)
Number that scales the output signal level. This field becomes
visible if you select Saleh model or Ghorbani model as the
Method parameter. Tunable.

AM/AM parameters [alpha beta]
Vector specifying the AM/AM parameters. This field becomes
visible if you select Saleh model as the Method parameter.
Tunable.

AM/PM parameters [alpha beta]
Vector specifying the AM/PM parameters. This field becomes
visible if you select Saleh model as the Method parameter.
Tunable.

AM/AM parameters [x1 x2 x3 x4]
Vector specifying the AM/AM parameters. This field becomes
visible if you select Ghorbani model as the Method parameter.
Tunable.

AM/PM parameters [yl y2 y3 y4]
Vector specifying the AM/PM parameters. This field becomes
visible if you select Ghorbani model as the Method parameter.
Tunable.

Smoothness factor
Scalar specifying the smoothness factor. This field becomes visible
if you select Rapp model as the Method parameter. Tunable.

Output saturation level
Scalar specifying the output saturation level. This field becomes
visible if you select Rapp model as the Method parameter.
Tunable.
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Examples

Specification method
The method by which you specify the amount of noise. The choices
are Noise temperature, Noise figure, and Noise factor.
Tunable.

Noise temperature (K)
Scalar specifying the amount of noise. This field becomes visible
if you select Noise temperature as the Specification method
parameter. Tunable.

Noise figure (dB)
Scalar specifying the amount of noise relative to a noise
temperature of 290 kelvin. A Noise figure setting of O decibels
indicates a noiseless system. This field becomes visible if you
select Noise figure as the Specification method parameter.
Tunable.

Noise factor
Scalar specifying the amount of noise relative to a noise
temperature of 290 kelvin. This field becomes visible if you
select Noise factor as the Specification method parameter.
Tunable.

Initial seed
Nonnegative integer specifying the initial seed for the random
number generator the block uses to generate noise.

You can see the effect of the Amplifier block in the example
Intermodulation: Mathematical Amplifier.
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|

E!math_amp
File Edit View Simulaton Format Tools Help

Ol HS| $BR|(E= &2 » 5o | [Noma R

Intermodulation: Mathematical Amplifier

Multitone Input v v
FFT
Amplifier Cutput

Bassband-Eguivalent Slider Gain
Multitone Signal

The bassband-squivalent
two-tone frequencies:

-20MHz and 20MHz
@ Input M

FFT
Info Input
Copyright 2003-2008 The MathWaorks, Inc.
Ready [100% [ [ [FixedStepDiscrete Y

This example uses a baseband-equivalent multitone signal as input to
the Amplifier block. A Simulink Slider Gain block enables you to vary

the gain from 1 to 10. The following figure shows the input signal with
gain set to the default 1.

.} math_amp/Input =100 %]

File Axes Channels ‘Window Help "

-50
@
=]
]
=
=

T 100
[
=

-140

0.1 01 002 0 005 01 015
Freguency (GHz)
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|

The next figure shows the same signal after it passes through the
Amplifier block, with the Method parameter set to Hyperbolic
tangent. The example uses the default Amplifier block ITP3 (dBm)
value of 30. It uses no AM/PM conversion. The example specifies
thermal noise as Noise figure, for which it uses the default 3.01 dB.

<) math_amp,/Output E —10] x|
File #xes Chanmels ‘Window Help N
:
=20
5 40
[ ]
R
=
£ 80
=100
-120
015 01 4005 ] oos 01 015
Frequency (GHz)
References [1] Ghorbani, A. and M. Sheikhan, “The Effect of Solid State Power

Amplifiers (SSPAs) Nonlinearities on MPSK and M-QAM Signal
Transmission,” Sixth Int’l Conference on Digital Processing of Signals in
Comm., 1991, pp. 193-197.

[2] Rapp, C., “Effects of HPA-Nonlinearity on a 4-DPSK/OFDM-Signal
for a Digital Sound Broadcasting System,” in Proceedings of the Second

European Conference on Satellite Communications, Liege, Belgium, Oct.
99.24, 1991, pp. 179-184.

[3] Saleh, A.A.M., “Frequency-independent and frequency-dependent
nonlinear models of TWT amplifiers,” IEEE Trans. Communications,
vol. COM-29, pp.1715-1720, November 1981.

See Also Bandpass RF Filter, Bandstop RF Filter, Highpass RF Filter, Lowpass
RF Filter, Mixer
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Purpose Standard bandpass RF filters in baseband-equivalent complex form

Libra ry Mathematical

Note To use this block, you must install DSP System Toolbox software.
For more information, see the SimRF release notes.

Description The Bandpass RF Filter block lets you design standard analog bandpass
filters, implemented in baseband-equivalent complex form. The
iy following table describes the available design methods.
.-r“_"‘-\\_\_\_'ﬂ. b
TR Design Method Description
Butterworth The magnitude response of a Butterworth

filter is maximally flat in the passband and
monotonic overall.

Chebyshev I The magnitude response of a Chebyshev I filter
is equiripple in the passband and monotonic
in the stopband.

Chebyshev II The magnitude response of a Chebyshev II
filter is monotonic in the passband and
equiripple in the stopband.

Elliptic The magnitude response of an elliptic filter
is equiripple in both the passband and the
stopband.

Bessel The delay of a Bessel filter is maximally flat

in the passband.

The block input must be a discrete-time complex signal.

Note This block assumes a nominal impedance of 1 ohm.




Bandpass RF Filter

Select the design of the filter from the Design method list in the dialog

box. For each design method, the block enables you to specify the filter
design parameters shown in the following table.

Design Method

Filter Design Parameters

Butterworth

Order, lower passband edge frequency, upper
passband edge frequency

Chebyshev I

Order, lower passband edge frequency, upper
passband edge frequency, passband ripple

Chebyshev II

Order, lower stopband edge frequency, upper
stopband edge frequency, stopband attenuation

Elliptic Order, lower passband edge frequency, upper
passband edge frequency, passband ripple,
stopband attenuation

Bessel Order, lower passband edge frequency, upper

passband edge frequency

The Bandpass RF Filter block designs the filters using the Signal
Processing Toolbox™ filter design functions buttap, chebiap, cheb2ap,
ellipap, and besselap

Note Some RF blocks require the sample time to perform baseband
modeling calculations. To ensure the accuracy of these calculations, the
Input Port block, as well as the mathematical RF blocks, compare the
input sample time to the sample time you provide in the mask. If they
do not match, or if the input sample time is missing because the blocks
are not connected, an error message appears.
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L]
Dla |Og E! Function Block Parameters: Bandpass RF Filter x|

Box —Bandpass RF Filker [mazk)] [link)]

Design one of several standard bandpass filkers, implemented in baseband equivalent
complex form.

—Parameters

Design method: | Buttenmarth LI

Filker order:
E

Lower pazsband edge frequency [Hz):
[1.93508=3

Upper pazzhand edge frequency [Hz):
|2.00023

Finite impulze responsze filter length:
|32
Center frequency [Hz):
|2=9

Sample time [z):

[1e6

Cancel | Help | Apply |

The parameters displayed in the dialog box vary for different design
methods. Only some of these parameters are visible in the dialog box
at any one time.

You can change tunable parameters while the model is running.

Design method
Filter design method. The design method can be Butterworth,
Chebyshev I, Chebyshev II,Elliptic, or Bessel. Tunable.

Filter order
Order of the lowpass analog prototype filter that forms the basis
for the bandpass filter design. The order of the final filter is twice
this value.
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See Also

Lower passband edge frequency (Hz)
Lower passband edge frequency for Butterworth, Chebyshev I,
elliptic, and Bessel designs. Tunable.

Upper passband edge frequency (Hz)
Upper passband edge frequency for Butterworth, Chebyshev I,
elliptic, and Bessel designs. Tunable.

Lower stopband edge frequency (Hz)
Lower stopband edge frequency for Chebyshev II designs.
Tunable.

Upper stopband edge frequency (Hz)
Upper stopband edge frequency for Chebyshev II designs.
Tunable.

Passband ripple in dB
Passband ripple for Chebyshev I and elliptic designs. Tunable.

Stopband attenuation in dB
Stopband attenuation for Chebyshev II and elliptic designs.
Tunable.

Finite impulse response filter length
Desired length of the baseband-equivalent impulse response for
the filter.

Center frequency (Hz)
Center of the modeling frequencies.

Sample time (s)

Time interval between consecutive samples of the input signal.
Amplifier, Bandstop RF Filter, Highpass RF Filter, Lowpass RF Filter,
Mixer

buttap, cheblap, cheb2ap, ellipap, besselap (Signal Processing
Toolbox)
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Purpose Standard bandstop RF filters in baseband-equivalent complex form

Libra ry Mathematical

Note To use this block, you must install DSP System Toolbox software.
For more information, see the SimRF release notes.

Description The Bandstop RF Filter block lets you design standard analog bandstop
filters, implemented in baseband-equivalent complex form. The
T following table describes the available design methods.
TR e P
M o o« e
Design Method Description
Butterworth The magnitude response of a Butterworth

filter is maximally flat in the passband
and monotonic overall.

Chebyshev I The magnitude response of a Chebyshev I
filter is equiripple in the passband and
monotonic in the stopband.

Chebyshev II The magnitude response of a Chebyshev I1
filter is monotonic in the passband and
equiripple in the stopband.

Elliptic The magnitude response of an elliptic
filter is equiripple in both the passband
and the stopband.

Bessel The delay of a Bessel filter is maximally
flat in the passband.

The block input must be a discrete-time complex signal.

Note This block assumes a nominal impedance of 1 ohm.
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Select the design of the filter from the Design method list in the dialog
box. For each design method, the block enables you to specify the filter
design parameters shown in the following table.

Design Method Filter Design Parameters

Butterworth Order, lower passband edge frequency,
upper passband edge frequency

Chebyshev I Order, lower passband edge frequency,
upper passband edge frequency, passband
ripple

Chebyshev II Order, lower stopband edge frequency,
upper stopband edge frequency, stopband
attenuation

Elliptic Order, lower passband edge frequency,

upper passband edge frequency, passband
ripple, stopband attenuation

Bessel Order, lower passband edge frequency,
upper passband edge frequency

The Bandstop RF Filter block designs the filters using the Signal
Processing Toolbox filter design functions buttap, cheblap, cheb2ap,
ellipap, and besselap.

Note Some RF blocks require the sample time to perform baseband
modeling calculations. To ensure the accuracy of these calculations, the
Input Port block, as well as the mathematical RF blocks, compare the
input sample time to the sample time you provide in the mask. If they
do not match, or if the input sample time is missing because the blocks
are not connected, an error message appears.
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Dialog
Box
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E! Function Block Parameters: Bandstop RF Filter x|

—Bandstop RF Filker [mask] [link]

Design one of several standard bandstop filkers, implemented in baseband equivalent
coniplex farm.

—FParameters

Dresign methad: | Buttenwarth LI
Filter arder:

|3

Lower pagzband edge frequency [Hz):

|1.35998e3

Upper pazsband edge frequency [Hz):
|20002e3

Finite impulze rezponze filter length:
|32

Center frequency [Hz):

J2=0

Sample time [2]:

[1e5

Cancel | Help | Apply |

The parameters displayed in the dialog box vary for different design
methods. Only some of these parameters are visible in the dialog box
at any one time.

You can change tunable parameters while the model is running.

Design method
Filter design method. The design method can be Butterworth,
Chebyshev I, Chebyshev II,Elliptic, or Bessel. Tunable.

Filter order
Order of the lowpass analog prototype filter that forms the basis
for the bandstop filter design. The order of the final filter is twice
this value.

Lower passband edge frequency (Hz)
Lower passband edge frequency for Butterworth, Chebyshev I,
elliptic, and Bessel designs. Tunable.
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See Also

Upper passband edge frequency (Hz)
Upper passband edge frequency for Butterworth, Chebyshev I,
elliptic, and Bessel designs. Tunable.

Lower stopband edge frequency (Hz)
Lower stopband edge frequency for Chebyshev II designs.
Tunable.

Upper stopband edge frequency (Hz)
Upper stopband edge frequency for Chebyshev II designs.
Tunable.

Passband ripple in dB
Passband ripple for Chebyshev I and elliptic designs. Tunable.

Stopband attenuation in dB

Stopband attenuation for Chebyshev II and elliptic designs.
Tunable.

Finite impulse response filter length
Desired length of the baseband-equivalent impulse response for
the filter.

Center frequency (Hz)
Center of the modeling frequencies.

Sample time (s)

Time interval between consecutive samples of the input signal.

Amplifier, Bandpass RF Filter, Highpass RF Filter, Lowpass RF Filter,
Mixer

buttap, cheblap, cheb2ap, ellipap, besselap (Signal Processing
Toolbox)
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Purpose
Library

Description

Coaxial

Model coaxial transmission line
Transmission Lines sublibrary of the Physical library

The Coaxial Transmission Line block models the coaxial transmission
line described in the block dialog box in terms of its frequency-dependent
S-parameters. A coplanar waveguide transmission line is shown in
cross-section in the following figure. Its physical characteristics include
the radius of the inner conductor ¢ and the radius of the outer conductor

b.

Inner canductar
Dielectric

Duter conductar

@
N

b

.

The block lets you model the transmission line as a stub or as a stubless
line.

Stubless Transmission Line

If you model a coaxial transmission line as a stubless line, the Coaxial
Transmission Line block first calculates the ABCD-parameters at each
frequency contained in the modeling frequencies vector. It then uses

the abcd2s function to convert the ABCD-parameters to S-parameters.

The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, &,
using the following equations:



Coaxial Transmission Line

Azekd+e—kd
2
ZO*(ekd —kd)
B=
2
kd _ —kd
c=¢ >l<e
2% 7,
D:ekd+e—kd
2

Z, and k are vectors whose elements correspond to the elements of f, a
vector of modeling frequencies, determined by the Output Port block.
Both can be expressed in terms of the resistance (R), inductance (L),
conductance (G), and capacitance (C) per unit length (meters) as follows:

R+ joL
Zo= e
G+ joC

k=k, + jk = J(R+ joL)G + joC)

where

R
2ﬂ‘-c;conalaconal a b

L= iln(éj
2 a

G- Zﬂa)bs
ln()

a

C- 2re

0

In these equations:
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® ¢ is the radius of the inner conductor.

® b is the radius of the outer conductor.

® 0,4 1s the conductivity in the conductor.

® 1 is the permeability of the dielectric.u = i, u,where:
= I, is the permeability in free space.

= u,is the Relative permeability constant parameter value.

® The is a complex dielectric constant given by ¢ = &' —je"=¢' (1
— jtand)

® ¢'is the real part of complex dielectric constant ¢, &' = gj¢,. £"is the

" —

imaginary part of complex dielectric constant ¢, £” = g,¢,tan 6 where :

= &,1s the permittivity of free space.
= &,1is the Relative permittivity constant parameter value.
= tan § is the Loss tangent of dielectric parameter value.

® 6,4 1s the skin depth of the conductor, which the block calculates

con

as 1/ \nfuc.ong -

Shunt and Series Stubs

If you model the transmission line as a shunt or series stub, the Coaxial

Transmission Line block first calculates the ABCD-parameters at each
frequency contained in the modeling frequencies vector. It then uses
the abcd2s function to convert the ABCD-parameters to S-parameters.

Shunt ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Shunt, the two-port network consists of a stub transmission line that
you can terminate with either a short circuit or an open circuit as
shown here.



Coaxial Transmission Line

#]

Z,, is the input impedance of the shunt circuit. The ABCD-parameters
for the shunt stub are calculated as

A=1
B=0
c=1/7,
D=1

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Series, the two-port network consists of a series transmission line
that you can terminate with either a short circuit or an open circuit
as shown here.

AL L

[ 0 [ 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as
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A=1
B = Zin
D=1
L] .
Dialog Main Tab
Box
E! Block Parameters: Coaxial Transmission Line x|
Coaxial Transmission Lin
’7Model a coaxial transmission line.
Main | Visualization I

Quter radius {m): I 2.57e-3

Inner radius (m): ID. 725e-3

Relative permeability constant: I 1

Relative permittivity constant: I 2.3

Loss tangent of dielectric: I 1]

Conductivity of conductor (S/m): Iinf

Transmission line length {m): ID.DI

Stub mode: INot a stub LI

Termination of stub: IOpen LI

0K I Cancel Help | Apply |

Outer radius (m)

Radius of the outer conductor of the coaxial transmission line.

Inner radius (m)

Radius of the inner conductor of the coaxial transmission line.

Relative permeability constant

Relative permeability of the dielectric expressed as the ratio of the
permeability of the dielectric to permeability in free space .
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Relative permittivity constant
Relative permittivity of the dielectric expressed as the ratio of the
permittivity of the dielectric to permittivity in free space ¢,

Loss tangent of dielectric
Loss angle tangent of the dielectric.

Conductivity of conductor (S/m)
Conductivity of the conductor in siemens per meter.

Transmission line length (m)
Physical length of the transmission line.

Stub mode
Type of stub. Choices are Not a stub, Shunt, or Series.

Termination of stub
Stub termination for stub modes Shunt and Series. Choices are
Open or Short. This parameter becomes visible only when Stub
mode is set to Shunt or Series.
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Visualization Tab

E! Block Parameters: Coaxial Transmission Ling x|

" Coaxial Transmizsion Line

Model a coaxial transmission line.

Main  “isuslization |

Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 e3:1.0ef: 3e9]

Reference impedance [ohms]:ISU

Flat type: IX-Y plane LI
Y parameter]: IS 21 LI ¥ format]: IAngIe [degrees) LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IH z LI
Y soale: ILinear ;I # soale: ILinear LI

Plat

:

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

References [1] Pozar, David M. Microwave Engineering, John Wiley & Sons, Inc.,
2005.
See Also Coplanar Waveguide Transmission Line, General Passive Network,

Transmission Line, Microstrip Transmission Line, Parallel-Plate
Transmission Line, Two-Wire Transmission Line
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Purpose
Library

Description

S

Connection Port

Dialog
Box

Connection port for RF subsystem
Input/Output Ports sublibrary of the Physical library

The Connection Port block, placed inside a subsystem composed of
SimRF Equivalent Baseband blocks, creates an open round physical
modeling connector port < on the boundary of the subsystem. When it
1s connected to a connection line, the port becomes solid =.

You connect individual blocks and subsystems made of SimRF
Equivalent Baseband blocks to one another with connection lines
instead of normal Simulink signal lines. These blocks and subsystems
are anchored at the open, round physical modeling connector ports <.
Subsystems constructed out of SimRF Equivalent Baseband blocks
automatically have such open round physical modeling connector ports.
You can add additional connector ports by adding Connection Port
blocks to your subsystem.

[Z1Block Parameters: Connection Pork |

—PrC_Port

Phyzical Modeling Connection Port block for subspstems

—Parameters

Part number:
1

Port location on parent subsystem:l Left j

’TI Cancel | ............ ii elp ............ | Sl |

Port number
This field labels the subsystem connector port created by this
block. Multiple connector ports on the boundary of a single
subsystem require different numbers as labels. The default value
for the first port is 1.
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Port location on parent subsystem
Use this parameter to choose on which side of the parent
subsystem boundary the Port is placed. The choices are Left or
Right. The default choice is Left.

See Also See Creating Subsystems in the Simulink documentation.
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Purpose
Library
Description

CPW

Model coplanar waveguide transmission line
Transmission Lines sublibrary of the Physical library

The Coplanar Waveguide Transmission Line block models the coplanar
waveguide transmission line described in the block dialog box in terms
of its frequency-dependent S-parameters. A coplanar waveguide
transmission line is shown in cross-section in the following figure. Its
physical characteristics include the conductor width (w), the conductor
thickness (t), the slot width (s), the substrate height (d), and the relative
permittivity constant (g).

B
“J' .
1
“ 1

r

bl

The block lets you model the transmission line as a stub or as a stubless
line.

Stubless Transmission Line

If you model a coplanar waveguide transmission line as a stubless
line, the Coplanar Waveguide Transmission Line block first calculates
the ABCD-parameters at each frequency contained in the modeling
frequencies vector. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.

The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, k,
using the following equations:
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A=ekd+e—kd
2
ZO*(ekd —kd)
B=
2
kd _ —kd
C_e *e
2‘Z0
D:ekd+e—kd
2

Z, and k are vectors whose elements correspond to the elements of
f, a vector of modeling frequencies. Both can be expressed in terms
of the specified conductor strip width, slot width, substrate height,
conductor strip thickness, relative permittivity constant, conductivity
and dielectric loss tangent of the transmission line, as described in [1].

Shunt and Series Stubs

If you model the transmission line as a shunt or series stub, the
Coplanar Waveguide Transmission Line block first calculates the
ABCD-parameters at each frequency contained in the vector of
modeling frequencies. It then uses the abcd2s function to convert the

ABCD-parameters to S-parameters.

Shunt ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Shunt, the two-port network consists of a stub transmission line that
you can terminate with either a short circuit or an open circuit as

shown here.
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#]

Z,, is the input impedance of the shunt circuit. The ABCD-parameters
for the shunt stub are calculated as

A=1
B=0
c=1/7,
D=1

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Series, the two-port network consists of a series transmission line
that you can terminate with either a short circuit or an open circuit
as shown here.

AL L

[ 0 [ 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as
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O QW
[
H o N -

L]
Dialog Main Tab
Box
x|

’—Eoplanal wiaveguide Transmizsion Lin

Model a coplanar waveguide transmiszsion line.

I Yisualization |
Conductor width [m]: ID.Ee-3
Slat wickth [m} J0.2e-3
Substrate height (m]: |0.635=-3
Strip thickness [m} |0.005=-3

Relative permittivity constant: IS.E

Conductivity in conductor (S /m): Iinf

Lozs tangent in dielectric: ID

Tranzmigzion line length [m]: ID.D1

Stub mode: I Mot a stub LI
Termination of stub: I Open LI

ak. I Cancel | Help | Apply |

Conductor width (m)
Physical width of the conductor.

Slot width (m)
Physical width of the slot.

Substrate height (m)
Thickness of the dielectric on which the conductor resides.

Strip thickness (m)
Physical thickness of the conductor.
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Relative permittivity constant
Relative permittivity of the dielectric expressed as the ratio of the
permittivity of the dielectric to permittivity in free space ¢,

Conductivity of conductor (S/m)
Conductivity of the conductor in siemens per meter.

Loss tangent of dielectric
Loss angle tangent of the dielectric.

Transmission line length (m)
Physical length of the transmission line.

Stub mode
Type of stub. Choices are Not a stub, Shunt, or Series.

Termination of stub
Stub termination for stub modes Shunt and Series. Choices are
Open or Short. This parameter becomes visible only when Stub
mode is set to Shunt or Series.
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Visualization Tab

E! Block Parameters: Coplanar Waveguide Transmis: x|

" Coplanar W aveguide Tranzmizzion Line

Model a coplanar waweguide transmission line.

Main  Yisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 e3:1.0ef: 3e9]

Reference impedance [ohms]:ISD

Flat type: IX-Y plane LI
Y parameter]: IS 21 LI ' format: IAngIe [degrees) ;I
' parameters: I LI  formatz: I LI
* parameter: IFleq ;I * farmat: IH z LI
Y zcale: ILinear LI  zcale: ILinear LI

:

Plat

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

References [1] Gupta, K. C., Ramesh Garg, Inder Bahl, and Prakash Bhartia,
Microstrip Lines and Slotlines, 2nd Edition, Artech House, Inc.,
Norwood, MA, 1996.

See Also Coaxial Transmission Line, General Passive Network, Transmission
Line, Microstrip Transmission Line, Parallel-Plate Transmission Line,
Two-Wire Transmission Line
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Purpose

Library

Description

&

Genemal Amplifier

Model nonlinear amplifier described by rfdata object or file data
Amplifiers sublibrary of the Physical library

The General Amplifier block models the nonlinear amplifier described
by a data source. The data source consists of either an RF Toolbox data
(rfdata.data) object or data from a file.

Network Parameters

If network parameter data and corresponding frequencies exist

as S-parameters in the data source, the General Amplifier block
interpolates the S-parameters to determine their values at the modeling
frequencies. If the network parameters are Y- or Z-parameters, the
block first converts them to S-parameters. For more information, see
“SimRF Equivalent Baseband Algorithms”.

Nonlinearity

If power data exists in the data source, the block extracts the
AMAM/AMPM nonlinearities from the power data.

If the data source contains no power data, then you can introduce
nonlinearities into your model by specifying parameters in the
Nonlinearity Data tab of the General Amplifier block dialog box.
Depending on which of these parameters you specify, the block computes

up to four of the coefficients ¢;, c3, ¢5, and c¢; of the polynomial

Faprram(s) =cis+c3 |s|2 s+cs |s|4 s+cq |s|6 s
that determines the AM/AM conversion for the input signal s. The
block automatically calculates c;, the linear gain term. If you do not
specify additional nonlinearity data, the block operates as a linear
amplifier. If you do, the block calculates one or more of the remaining

coefficients as the solution to a system of linear equations, determined
by the following method.
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2-40

1 The block checks whether you have specified a value other than Inf

for:

¢ The third-order intercept point (OIP3 or IIP3).
® The output power at the 1-dB compression point (Py4p oy )-

* The output power at saturation (Pyys oy )-

In addition, if you have specified P, the block uses the value for

at,out >

the gain compression at saturation (GCy,; ). Otherwise, GC,,; is not
used. You define each of these parameters in the block dialog box,
on the Nonlinearity Data tab.

The block calculates a corresponding input or output value for the
parameters that you have specified. In units of dB and dBm,

Psat,out + GCsat = Psat,in + Glin

P1aB.out *1=Pigpin + Giin
OIP3 = IIP3+G,;,

where Gy;, is ¢; in units of dB.

The block formulates the coefficients c3, c5, and c;, where
applicable, as the solutions to a system of one, two, or three linear
equations. The number of equations is equal to the number of
parameters that you provide. For example, if you specify all three
parameters, the block formulates the coefficients according to the
following equations:

3 5 7
\/Psat,out =q \/Psat,in tc3 ( Psat,in ) +¢5 ( Psat,in ) +c ( Psat,in )

VBB out =1\/Piagin + (JPiapin )3 + 5 (JPragin )5 +c7(JPapin )7

9l
=——+cg
IIP3
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The first two equations are the evaluation of the polynomial

Fapam(s) at the points ([P in »\[Poatous) and

(\/PldB,in’\/PldB,out)’ expressed in linear units (such as W
or mW) and normalized to a 1-Q impedance. The third equation is
the definition of the third-order intercept point.

The calculation omits higher-order terms according to the available
degrees of freedom of the system. If you specify only two of the
three parameters, the block does not use the equation involving the

parameter you did not specify, and eliminates any ¢; terms from
the remaining equations. Similarly, if you provide only one of the
parameters, the block uses only the solution to the equation involving

that parameter and omits any c5 or c; terms.

If you provide vectors of nonlinearity and frequency data, the block
calculates the polynomial coefficients using values for the parameters
interpolated at the center frequency.

Active Noise

You can specify active block noise in one of the following ways:

Spot noise data in the data source.
Spot noise data in the block dialog box.
Spot noise data (rfdata.noise) object in the block dialog box.

Noise figure, noise factor, or noise temperature value in the block
dialog box.

Frequency-dependent noise figure data (rfdata.nf) object in the
block dialog box.

The latter four options are only available if noise data does not exist
in the data source.
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2-42

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Operating Conditions

Agilent® P2D and S2D files define block parameters for several
operating conditions. Operating conditions are the independent
parameter settings that are used when creating the file data. By default,
SimRF Equivalent Baseband software defines the block behavior using
the parameter values that correspond to the operating conditions that
appear first in the file. To use other property values, you must select a
different operating condition in the General Amplifier block dialog box.

Data Consistency

If the data source is a MathWorks™ AMP file or an Agilent S2D file that
contains both network parameter data and power data, the blockset
checks the data for consistency and reconciles it as necessary.

The blockset compares the small-signal amplifier gain defined by
the network parameters, S,;, and by the power data, P, -P,,. The
discrepancy between the two is computed in dBm using the following

equation:
AP = S91(fp) = Poue(fp) + By (fp)  (dBm)

where f, is the lowest frequency for which power data is specified.

If AP is more than 0.4 dB, a warning appears, and the blockset adds
AP to the output power values at each specified input power value to
resolve the discrepancy for simulation. The following graph shows this
discrepancy.
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Pout (dBm)

--- Small Signal Network Data
wor Specified Power Data
xxx Reconciled Power Data

P P, (dBm)
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Dialog
Box

2-44

Main Tab

E! Block Parameters: General Amplifier |

— General Amplifier

Monlinear amplifier described by a data source that conzists of sither an RFDATA object
or data from & file. D ata interpolation iz uzed during simulation.

‘When there iz no noise data in the data source, use the Noise Data tab to specify
amplifier noize infarmation.

‘When there is no nonlinearity data in the data source, use the Monlinearity Data tab to
specify amplifier nonlinearity information.

‘when the data source contains operating condition information, use the Operating
Conditions tab ta select operating condition settings for the simulation.

b airy Moize Data I Monlinearity Data Wizualization I Operating Conditions I

Data source: IData file ﬂ

D ata file: Idefault. z2d Browse ... |

RFDATA object: Iread[rfdata.data, ‘default.amp’]

Interpolation methad: ILinear j

] I Cancel Help Apply

Data source
Determines the source of the data that describes the amplifier

behavior. The data source must contain network parameters and
may also include noise data, nonlinearity data, or both. The value
can be Data file or RFDATA object.

Data file
If Data source is set to Data file, use this field to specify the

name of the file that contains the amplifier data. The file name
must include the extension. If the file is not in your MATLAB
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path, specify the full path to the file or click the Browse button
to find the file.

RFDATA object
If Data source is set to RFDATA object, use this field to specify
an RF Toolbox data (rfdata.data) object that describes an
amplifier. You can specify the object as:

¢ The handle of a data object previously created using RF Toolbox
software.

¢ An RF Toolbox command such as
rfdata.data('Freq',1e9,'S_Parameters',[0 O0; 0.5 0]),
which creates a data object.

e A MATLAB expression that generates such an object.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation
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Noise Data Tab

E! Block Parameters: General Amplifier |

—General Amplifier

RF amplifier described by a data source that consists of either an RFDATA object or data from
a file.

When there is no noise data in the data source, use the Moise Data tab to specify amplifier
noise information. For a frequency-dependent noise, the Moise Data tab accepts a separate M-
element vector of the corresponding frequency values.

When there is no nonlinearity data in the data source, use the Monlinearity Data tab to specify
amplifier nonlinearity information. For a frequency-dependent nonlinearity, the Monlinearity

Data tab accepts a separate N-element vector of the corresponding frequency values.

When the data source contains operating condition information, use the Operating Conditions
tab to select operating condition settings for the simulation.

Data interpolation is used during simulation.

Main Moise Data Manlinearity Data I Visualization Operating Conditions I

Moise type: Ir-loise figure LI

Moise figure (dB): IIJ

Minimum noise figure (dB): IIII

Optimal reflection coefficient: | 1400

Equivalent normalized noise resistance: I 1

Moise factor: I i

Moise temperature {K): IIII

Freguency (Hz): I 2.0e9

QK I Cancel Help Apply

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.
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Noise figure (dB)
Scalar ratio or vector of ratios, in decibels, of the available
signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N,). This
parameter is enabled if Noise type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio or vector of minimum ratios of the
available signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N ). This
parameter is enabled if Noise type is set to Spot noise data.

Optimal reflection coefficient
Optimal amplifier source impedance. This parameter is enabled
if Noise type is set to Spot noise data. The value can be a
scalar or vector.

Equivalent normalized resistance
Resistance or vector of resistances normalized to the resistance
value or values used to take the noise measurement. This
parameter is enabled if Noise type is set to Spot noise data.

Noise factor
Scalar ratio or vector of ratios of the available signal-to-noise
power ratio at the input to the available signal-to-noise power
ratio at the output, (S,/N)/(S,/N,). This parameter is enabled if
Noise type is set to Noise factor.

Noise temperature (K)
Equivalent temperature or vector of temperatures that produce
the same amount of noise power as the amplifier. This parameter
is enabled if Noise type is set to Noise temperature.

Frequency (Hz)
Scalar value or vector corresponding to the domain of frequencies
over which you are specifying the noise data. If you provide a
scalar value for your noise data, the block ignores the Frequency
(Hz) parameter and uses the noise data for all frequencies. If
you provide a vector of values for your noise data, it must be
the same size as the vector of frequencies. The block uses the
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Interpolation method specified in the Main tab to interpolate
noise data.

Nonlinearity Data Tab

7] Block Parameters: General Amplifier x|

—General Amplifier

RF amplifier described by & data source that consists of either an RFDATA object or data from
a file,

When there iz no noise data in the data source, use the Moise Data tab to specify amplifier
noise information. For a frequency-dependent noise, the Moise Data tab accepts a separate N-
element vector of the corresponding frequency values.

When there iz no nonlinearity data in the data source, use the Monlinearity Data tab to specify
amplifier nonlinearity information. For & frequency-dependent nonlinearity, the Nonlinearity

Data tab accepts a separate N-element vector of the corresponding frequency values.

When the data source contains operating condition information, use the Operating Conditions
tab to select operating condition settings for the simulation,

Data interpolation is used during simulation.

Main I Moise Data Manlinearity Data I Visualization Operating Conditions I
IP3 type: |orez =l
1P3 (dBm): [inf

1dB gain compression power (dBm): Iinf

Qutput saturation power (dBm): Iinf

Gain compression at saturation (dB): I 3

Frequency (Hz): I 2.0e3

QK I Cancel Help Apply
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IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.

IP3 (dBm)
Value of third-order intercept point. This parameter is disabled if
the data source contains power data or IP3 data. Use the default
value, Inf, if you do not know the IP3 value. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

1 dB gain compression power (dBm)

Output power value (P 4p o, ) at which gain has decreased by 1
dB. This parameter is disabled if the data source contains power
data or 1-dB compression point data. Use the default value, Inf, if
you do not know the 1-dB compression point. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

Output saturation power (dBm)

Output power value ( Py, o) that the amplifier produces when
fully saturated. This parameter is disabled if the data source
contains output saturation power data. Use the default value,
Inf, if you do not know the saturation power. If you specify
this parameter, you must also specify the Gain compression
at saturation (dB). This parameter can be a scalar (to specify
frequency-independent nonlinearity data) or a vector (to specify
frequency-dependent nonlinearity data).

Gain compression at saturation (dB)

Decrease in gain (GC,,; ) when the power is fully saturated. The
block ignores this parameter if you do not specify the Output
saturation power (dBm). This parameter can be a scalar (to
specify frequency-independent nonlinearity data) or a vector (to
specify frequency-dependent nonlinearity data).
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Frequency (Hz)
Scalar or vector value of frequency points corresponding to the
third-order intercept and power data. This parameter is disabled
if the data source contains power data or IP3 data. If you use a
scalar value, the IP3 (dBm), 1 dB gain compression power
(dBm), and Output saturation power (dBm) parameters must
all be scalars. If you use a vector value, one or more of the IP3
(dBm), 1 dB gain compression power (dBm), and Output
saturation power (dBm) parameters must also be a vector.

Visualization Tab

E! Block Parameters: General Amplifier |

— General Amplifier

Monlinear amplifier described by a data source that consists of either an RFDATA object
or data from a file. Data interpolation iz used during simulation.

“Wwhen there is no noise data in the data source, use the Moise Data tab to specify
amplifier noize information.

“when there iz no nonlinearity data in the data source, use the Monlinearity Data tab to
specify amplifier nonlinearity information.

“when the data source containg operating condition information, use the Operating
Conditions tab to select operating condition settings for the simulation.

tdain Moize Data I Monlinearity D ata Visualization Operating Conditions I

Source of frequency data: IExtracted from data source LI
Frequency data [Hz): |[1 e9:1e8:2 9e9)
Source of input power data: IExtracted from data source LI

Input power data [dEm): I[D:'I 9]
Reference impedance [ohme]: IED
Flot type: IX-Y plane LI
‘' parameterl: lﬁ 't farmat: IW
' parameterd: Iﬁ ¥ formatZ: Iﬁ
¥ parameter: m # format; Hz -
' seale: lm R scale: lm

Flat |

] I Caticel | Help | Aoply |
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For information about plotting, see “Create Plots”. Use rftool or the
RF Toolbox plotting functions to plot other data.

Operating Conditions Tab

] Block Parameters: General Amplifier |

— General Amplifier

Nonlinear amplifier described by a data source that consists of either an RFDATA object or
data from a file. Data interpolation is used during simulation.

When there is no noise data in the data source, use the Noise Data tab to specify amplifier
noise information.

When there is no nonlinearity data in the data source, use the Nonlinearity Data tab to
specify amplifier nonlinearity information. For a frequency-dependent nonlinearity, the
Nonlinearity Data tab accepts a separate N-glement vector of the corresponding freguency
values.

When the data source contains operating condition information, use the Operating
Conditions tab to select operating condition settings for the simulation.

Main MNoise Data Nonlinearity Data I Visualization Operating Conditions I

Conditions: Values:

Bias |18 =l

oK I Cancel | Help | Apply |

If the data source contains data at multiple operating conditions, the
Operating Conditions tab contains two columns. The Conditions
column shows the available conditions, and the Values column contains
a drop-down list of the available values for the corresponding condition.
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Examples

Use the drop-down lists to specify the operating condition values to
use in simulation.

Creating a General Amplifier Block from File Data

This example uses the default data source, which is the nonlinear
amplifier in the file default.s2d. The file contains S-parameters for
frequencies from 1.0 to 2.9 GHz at intervals of 0.01 GHz, power data
at frequency 2.1 GHz, and active noise parameters. By default, the
General Amplifier block uses linear interpolation to model the network
described in the object.

1 On the Main tab, accept the default settings.
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[Z1Block Parameters: General Amplifier x|

— General Amplifier

Manlinear amplifier described by a data source that consists of either an RFDATA object
or data from & file. D ata interpolation iz used during simulaticn.

Wihen there is no noise data in the data source, use the Moise D ata tab to specify
amplifier noize information.

when there iz ho nonlinearity data in the data source, use the Monlinearity Data tab to
zpecify amplifier nonlinearity information.

‘when the data source containg operating condition information, uze the Operating
Conditions tab to select operating condition settings for the simulation.

b airy | Moize Data I Monlinearity Data Wigualization I Operating Conditionsl

Data source: IData file LI

D ata file: Idefault. z2d Browse ... |

RFDATA object: Iread[rfdata.data, ‘default.amp’)
Interpolation methad: ILinear ﬂ

] I Caticel | Help | Apply |

2 On the Visualization tab, set the parameters as follows:
¢ In the Plot type list, select Z Smith chart.
¢ In the Y parameterl list, select S22.
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E! Block Parameters: General Amplifier x|

r— General Amplifier

Monlinear amplifier described by a data source that consists of either an RFDATA, object
or data from a file. D ata interpolation iz used during simulation,

‘when there is o noize data in the data source, use the Moise Data tab to specify
amplifier noize informatian.

“when there iz ho nonlinearity data in the data source, uze the Monlinearity Data tab to
specify amplifier nonlinearity information.

‘when the data source containg operating candition information, use the Operating
Conditions tab to select operating condition zettings for the simulation.

tain Moise Data I Monlingarity D ata Wisualization Operating Conditions I

Source of frequency data: IExllacled from data source j
Frequency data [Hz): |[1 e3:1e8:2.9e4]
Source of input power data: IExhacted fram data source LI

Input power data [dBm]: |D

Reference impedance [chms): ISU

Flat type: IZ Smith chart LI
Y parameter]: 522 « | v formatl: lm
' parameter2: I—LI Y farmat2: l—LI
% parameter. m  format: Hz -
' scale: Im * scale: lm

Plat |

ak I Cancel | Help | Lpply |

Click Plot. This action creates Z Smith chart of the S,, parameters
using the frequencies taken from the data source.
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.} untitled/General Amplifier ;lﬂlll
u

File Edit Yiew Insert Tools Desktop ‘Window Help

DEEE| heam®|€ |08 «O

Z0= &0 +1.0

For more about using an Agilent .s2d file in a Simulink model, see
Effect of Nonlinear Amplifier on QPSK Modulation.

See Also Output Port, S-Parameters Amplifier, Y-Parameters Amplifier,
Z-Parameters Amplifier

rfdata.data (RF Toolbox)
interpl (MATLAB)

2-55



General Circuit Element

2-56

Purpose
Library

Description

General
Cicuit Element

Dialog
Box

Model two-port network described by rfckt object
Black Box Elements sublibrary of the Physical library

The General Circuit Element block models the two-port network
described by an RF Toolbox circuit (rfckt) object.

The block uses the rfckt/analyze method to calculate the network

parameters at the modeling frequencies.

.
Main Tab
E! Block Parameters: General Circuit Element 4|

General Circuit Element
’7 Two-part network described by an RFCET object.

I Yisualization |

RFCET object: Iread[rfckt.amplifier, ‘default.amp’]

ak I Cancel | Help | Apply |

RFCKT object
An RF Toolbox circuit (rfckt) object. You can specify the object
as (1) the handle of a circuit object previously created using
RF Toolbox software, (2) an RF Toolbox command such as
rfckt.txline, rfckt.coaxial, or rfckt.cascade that creates
a default circuit object of the specified type, or (3) a MATLAB
expression that generates such an object. See “RF Circuit Objects”
in the RF Toolbox documentation for more information about
circuit objects.
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Visualization Tab

x
General Circuit Element
’7 Two-port network described by an RFCKT object.
Main  “isuslization |
Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 He8:1.0e6:2 2e9]
Reference impedance [ohms]:ISU
Flat type: IX -t plane LI
Y parameter]: Iﬁ ¥ format]: Im
Y parameter?: Iﬁ ' formatz: lﬁ
¥ parameter: Iﬁ # format; Iﬁ
Y soale: m # soale: lm
Plat |

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples Creating a General Circuit Element from an RF Toolbox Object

This example uses the rfckt.txline object, which describes a
transmission line.

1 On the Main tab, set the RFCKT object parameter to rfckt.txline.

Click Apply. This action applies the specified settings.
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[C]Block Parameters: Genetal Circuit Element |

’—General Circuit Elerment

Two-port network. described by an RFCET object.

M aih I\-"isualization |

RFCKT object:  [rfckt tline

oK I Cancel |

| Apply |

2 Set the General Circuit Element block parameters on the
Visualization tab as follows:

® In the Y parameterl list, select S12.
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E! Block Parameters: General Circuit Element x|

" General Circuit Element

Two-port network, described by an RFCKT object.

Main  Yisualization |

Source of frequency data: IUser-specified ;I
Frequency data [Hz]: |[1 Se8:1.0e6:2 2e9]

Reference impedance [ohms]:ISD
Plat type: IX-Y plane LI
‘' parameter]: m ' farmatl:  |Magnitude [decibels]) «
' parameter2: Iﬁ ' farmat2: Iﬁ
¥ parameter: m X format:  [Hz -
Y scale: m #oscale: Im

Plat |

QK I Cancel | Help | Apply |

Click Plot. This action creates an X-Y Plane plot of the S,,
parameters in the frequency range 1.9 to 2.2 GHz.
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<) untitled/General Circuit Element ;Iglll
k|

File Edit Wew Insert Tools Desktop ‘Window Help

e hRaMe (€08 8O

Magnitude (decibels)
[~
o
T

|
1.8 1.85 2 2.05 21
Freq [GHz]

2.2 2.25

See Also General Passive Network, S-Parameters Passive Network,
Y-Parameters Passive Network, Z-Parameters Passive Network

interp1 (MATLAB)
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Purpose
Library

Description

Model mixer and local oscillator described by rfdata object
Mixer sublibrary of the Physical library

The General Mixer block models the mixer described by an RF Toolbox
data (rfdata.data) object.

Network Parameters

The network parameter values all refer to the mixer input frequency.
If network parameter data and corresponding frequencies exist as
S-parameters in the rfdata.data object, the General Mixer block
interpolates the S-parameters to determine their values at the modeling
frequencies. If the block contains network Y- or Z-parameters, the block
first converts them to S-parameters. See “Map Network Parameters to
Modeling Frequencies” for more details.

SimRF Equivalent Baseband software computes the reflected wave at

the mixer input (b;) and at the mixer output (by) from the interpolated
S-parameters as

|:b1(fin):|:|:sll 812:||:a1(fin):|
bo(four)| [S21 Sag || @a(four)
where

U fin and fOut are the mixer input and output frequencies, respectively.

® a7 and ay are the incident waves at the mixer input and output,
respectively.

The interpolated S,; parameter values describe the conversion gain as a
function of frequency, referred to the mixer input frequency.

Active Noise

You can specify active block noise in one of the following ways:
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® Spot noise data in the data source.
® Spot noise data in the block dialog box.
® Spot noise data (rfdata.noise) object in the block dialog box.

* Noise figure, noise factor, or noise temperature value in the block
dialog box.

* Frequency-dependent noise figure data (rfdata.nf) object in the
block dialog box.

The latter four options are only available if noise data does not exist
in the data source.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Phase Noise

The General Mixer block applies phase noise to a complex baseband
signal. The block first generates additive white Gaussian noise (AWGN)
and filters the noise with a digital FIR filter. It then adds the resulting
noise to the angle component of the input signal.

The blockset computes the digital filter by:

1 Interpolating the specified phase noise level to determine the phase
noise values at the modeling frequencies.

2 Taking the IFFT of the resulting phase noise spectrum to get the
coefficients of the FIR filter.

Note If you specify phase noise as a scalar value, the blockset assumes
that the phase noise is constant at all modeling frequencies and does
not have a 1/f slope. This assumption differs from that made by the
Mathematical Mixer block.
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Nonlinearity

If power data exists in the data source, the block extracts the
AMAM/AMPM nonlinearities from it.

If the data source contains no power data, then you can introduce
nonlinearities into your model by specifying parameters in the
Nonlinearity Data tab of the General Mixer block dialog box.
Depending on which of these parameters you specify, the block computes

up to four of the coefficients ¢;, c3, ¢5, and c¢; of the polynomial

Faprram(s) =cis+c3 |s|2 s+cs |s|4 s+cq |s|6 s
that determines the AM/AM conversion for the input signal s. The

block automatically calculates c;, the linear gain term. If you do not
specify additional nonlinearity data, the block operates as a mixer
with a linear gain. If you do, the block calculates one or more of the
remaining coefficients as the solution to a system of linear equations,
determined by the following method.

1 The block checks whether you have specified a value other than Inf
for:

¢ The third-order intercept point (OIP3 or IIP3).
® The output power at the 1-dB compression point (Py4p oy )-

* The output power at saturation (Pyys oy )-

In addition, if you have specified P, the block uses the value for

at,out >

the gain compression at saturation (GCy,; ). Otherwise, GCy,; is not
used. You define each of these parameters in the block dialog box,
on the Nonlinearity Data tab.

2 The block calculates a corresponding input or output value for the
parameters you have specified. In units of dB and dBm,
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Psat,out +GCyq = Psat,in +Gyy,

P1aB.out *1=Pigp in + Giin
OIP3 = IIP3 +Gy;,

where Gy, is c¢; in units of dB.

The block formulates the coefficients c3, c5, and c;, where
applicable, as the solutions to a system of one, two, or three linear
equations. The number of equations used is equal to the number
of parameters you provide. For example, if you specify all three
parameters, the block formulates the coefficients according to the
following equations:

\/Psat,out =G \/Psat,in +c3 (\/ Psat,in )3 +¢5 (\/ Psat,in )5 +cr (\l Psat,in )
JPuaBout = 1\Papin + 3 (Pras,in )3 + 5 (Prap,in )5 +c7(\Pras,in )7

0 =C—1+03
IIP3

The first two equations are the evaluation of the polynomial

7

Faprrapm(s) at the points (\/Psat,in’\/Psat,out) and

(\/PldB,in’\/PldB,out)’ expressed in linear units (such as W
or mW) and normalized to a 1-Q impedance. The third equation is
the definition of the third-order intercept point.

The calculation omits higher-order terms according to the available
degrees of freedom of the system. If you specify only two of the
three parameters, the block does not use the equation involving the

parameter you did not specify, and eliminates any c; terms from
the remaining equations. Similarly, if you provide only one of the
parameters, the block uses only the solution to the equation involving

that parameter and omits any c5 or c¢; terms.
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If you provide vectors of nonlinearity and frequency data, the block
calculates the polynomial coefficients using values for the parameters
interpolated at the center frequency.

Operating Conditions

Agilent P2D and S2D files define block parameters for several operating
conditions. Operating conditions are the independent parameter
settings that are used when creating the file data. By default, the
blockset defines the block behavior using the parameter values that
correspond to the operating conditions that appear first in the file.

To use other property values, you must select a different operating
condition in the General Mixer block dialog box.
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L]
Dialog Main Tab
Box
x
—General Mixer

Monlinear miver described by a data source that consists of either an RFDATA objact or
data from a file. Data interpolation iz uged during simulation.

When there iz no noise data in the data source, use the Noise Data tab to specify mixer
hioige information.

‘when there is no nonlinearity data in the data source, use the Monlinearity Data tab to
specify miver nonlinearity infarmatian,

‘when the data source contains operating condition information, use the Operating
Conditions tab ta select aperating condition settings far the simulation.

INoise Data | Monlineanty Data | “isualization | Operating Conditions I

[Cata source: I D ata file ;I

D ata file: Idefault.sEp Browse ... |

RFDATA object: Iread[rfdata.data, ‘default. s2p')
Interpolation method:l Linear LI

Mixer type: I Downconyverter ;I
L0 frequency [Hz): ID.SES

ak. I Cancel | Help | Apply |

Data source
Determines the source of the data that describes the mixer
behavior. The data source must contain network parameters and
may also include noise data, nonlinearity data, or both. The value
can be Data file or RFDATA object.

Data file
If Data source is set to Data file, use this field to specify the
name of the file that contains the mixer data. The file name must
include the extension. If the file is not in your MATLAB path,
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specify the full path to the file or click the Browse button to find
the file.

Note If the data file contains an intermodulation table, the
General Mixer block ignores the table. Use RF Toolbox software
to ensure the cascade has no significant spurs in the frequency
band of interest before running a simulation.

RFDATA object
If Data source is set to RFDATA object, use this field to specify
an RF Toolbox data (rfdata.data) object that describes a mixer.
You can specify the object as one of the following:

¢ The handle of a data object previously created using RF Toolbox
software.

¢ An RF Toolbox command such as
rfdata.data('Freq',1e9,'S_Parameters',[0 O0; 0.5 0]),
which creates a data object.

e A MATLAB expression that generates a data object.
For more information about data objects, see the rfdata.data
reference page in the RF Toolbox documentation.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation
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Mixer Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

LO frequency (Hz)
Local oscillator frequency. If you choose Downconverter, the
blockset computes the mixer output frequency, f, ,, from the mixer
input frequency, f,,, and the local oscillator frequency, f, , as

four = fin — f1o- If you choose Upconverter, f, =f. +f,..

ut

Note For a downconverting mixer, the local oscillator frequency
must satisfy the condition f,, — f,, > 1/(2¢,), where ¢_is the sample
time specified in the Input Port block. Otherwise, an error
appears.
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Noise Data Tab

E! Block Parameters: General Mixer |

—General Mixer

RF mixer described by a data source that consists of either an RFDATA object or data from a
file.

When there is no noise data in the data source, use the Moise Data tab to spedify mixer noise
information. For a frequency-dependent noise, the Noise Data tab accepts a separate N-
element vector of the corresponding frequency values.

When there is no nonlinearity data in the data source, use the Monlinearity Data tab to specify
mixer nonlinearity information. For a frequency-dependent nonlinearity, the Monlinearity Data
tab accepts a separate M-element vector of the corresponding frequency values.

When the data source contains operating condition information, use the Operating Conditions
tab to select operating condition settings for the simulation.

Data interpolation is used during simulation.

Main Moise Data Manlinearity Data I Visualization I Operating Conditions

Phase noise frequency offset {Hz): I[l].l 110 100]*1e3
Phase noise level {dBc/Hz): I[-F'J -120-140 -150]
Moise type: Il-lc.ise figure: LI
Moise figure (dB): |II|
Minirium roise figure (dB): IIII
Optimal reflection coefficient: I 1-+0i
Equivalent normalized noise resistance: I 1
Moise factor: I 1
Moize temperature {K): IIII
Frequency (Hz): I 2.0e3

QK I Cancel | Help | Apply

Phase noise frequency offset (Hz)
Vector specifying the frequency offset.

Phase noise level (dBc/Hz)
Vector specifying the phase noise level.
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Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio or vector of ratios, in decibels, of the available
signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N ). This
parameter is enabled if Noise type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio or vector of minimum ratios of the
available signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N ). This
parameter is enabled if Noise type is set to Spot noise data.

Optimal reflection coefficient
Optimal mixer source impedance. This parameter is enabled if
Noise type is set to Spot noise data. The value can be a scalar
or vector.

Equivalent normalized resistance
Resistance or vector of resistances normalized to the resistance
value or values used to take the noise measurement. This
parameter is enabled if Noise type is set to Spot noise data.

Noise factor
Scalar ratio or vector of ratios of the available signal-to-noise
power ratio at the input to the available signal-to-noise power
ratio at the output, (S,/N,))/(S,/N,). This parameter is enabled if
Noise type is set to Noise factor.

Noise temperature (K)
Equivalent temperature or vector of temperatures that produce
the same amount of noise power as the mixer. This parameter is
enabled if Noise type is set to Noise temperature.
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Frequency (Hz)
Scalar value or vector corresponding to the domain of frequencies
over which you are specifying the noise data. If you provide a
scalar value for your noise data, the block ignores the Frequency
(Hz) parameter and uses the noise data for all frequencies. If
you provide a vector of values for your noise data, it must be
the same size as the vector of frequencies. The block uses the
Interpolation method specified in the Main tab to interpolate
noise data.
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Nonlinearity Data Tab

] Block Parameters: General Mixer |

—General Mixer

RF mixer described by a data source that consists of either an RFDATA object or data from a
file.

When there is no noise data in the data source, use the Moise Data tab to specify mixer noise
information. For a frequency-dependent naise, the MNoise Data tab accepts a separate M-
element vector of the corresponding frequency values.

‘When there is no nonlinearity data in the data source, use the Monlinearity Data tab to spedfy
mixer nonlinearity information. For a frequency-dependent nonlinearity, the Nonlinearity Data
tab accepts a separate M-element vector of the corresponding frequency values.

When the data source contains operating condition infarmation, use the Operating Conditions
tab to select operating condition settings for the simulation.

Data interpolation is used during simulation.

Main I Moise Data Monlinearity Data I Visuglization Operating Conditions I
IP3 type: Jore3 x|
P3 (dBm): Jinf

1dB gain compression power (dBm): Iimc

Qutput saturation power (dBm): Iinf

Gain compression at saturation (dB): I 3

Frequency (Hz): I 2.0e%

QK I Cancel Help Apply

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.
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IP3 (dBm)
Value of third-order intercept point. This parameter is disabled if
the data source contains power data or IP3 data. Use the default
value, Inf, if you do not know the IP3 value. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

1 dB gain compression power (dBm)

Output power value (P 4p o, ) at which gain has decreased by 1
dB. This parameter is disabled if the data source contains power
data or 1-dB compression point data. Use the default value, Inf, if
you do not know the 1 dB compression point. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

Output saturation power (dBm)

Output power value (Pyy oy ) that the mixer produces when fully
saturated. This parameter is disabled if the data source contains
output saturation power data. Use the default value, Inf, if you do
not know the saturation power. If you specify this parameter, you
must also specify the Gain compression at saturation (dB).
This parameter can be a scalar (to specify frequency-independent
nonlinearity data) or a vector (to specify frequency-dependent
nonlinearity data).

Gain compression at saturation (dB)

Decrease in gain (GC,,; ) when the power is fully saturated. The
block ignores this parameter if you do not specify the Output
saturation power (dBm). This parameter can be a scalar (to
specify frequency-independent nonlinearity data) or a vector (to
specify frequency-dependent nonlinearity data).

Frequency (Hz)
Scalar or vector value of frequency points corresponding to the
third-order intercept and power data. This parameter is disabled
if the data source contains power data or IP3 data. If you use a
scalar value, the IP3 (dBm), 1 dB gain compression power

2-73



General Mixer

(dBm), and Output saturation power (dBm) parameters must
all be scalars. If you use a vector value, one or more of the IP3
(dBm), 1 dB gain compression power (dBm), and Output
saturation power (dBm) parameters must also be a vector.

Visualization Tab

[=1Block Parameters: General Mixzer |

r— General Mixer

Monlinear mizer described by a data source that consists of either an RFDATA object or
data from a file. Data interpolation is used during simulation.

“when there iz no noize data in the data source, use the Moise Data tab to specify mixer
noise informatiaon.

“when there iz no nonlinearity data in the data source, uze the Monlinearity Data tab to
specify miker nonlinearity information.

“when the data source containg operating condition information, use the Operating
Conditions tab to select operating condition settings for the simulation.

tain Moize Data I Manlinearity Data Yigualization Operating Conditions I

Source of frequency data: IEHtracted from data source ;I
Frequency data [Hz): |[1 e8:1e8:2.9e9]
Source of input power data: IExtracted from data source LI

Input power data [dBm]: ID

Reference impedance [ohms]: ISD

Flat type: IX-Y plane LI
Y parameter]: Iﬁ Y format: Im
' parameters: Iﬁ Y format2: lﬁ

 parameter. Freq | ¥ format; Hz -

¥ scale: ILinear vi X scale: ILinear vl
Fliot |

] I Cancel | Help | Apply |

For information about plotting, see “Create Plots”. Use rftool or the
RF Toolbox plotting functions to plot other data.
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Operating Conditions Tab

] Block Parameters: General Mixer

— General Mixer

Nonlinear mixer described by a data source that consists of either an RFDATA object or data
from a file. Data interpolation is used during simulation.

When there is no noise data in the data source, use the Noise Data tab to specify mixer
noise information.

When there is no nonlinearity data in the data source, use the Nonlinearity Data tab to
specify mixer nonlinearity information. For a frequency-dependent nonlinearity, the
Nonlinearity Data tab accepts a separate N-glement vector of the corresponding frequency
values,

When the data source contains operating condition information, use the Operating
Conditions tab to select operating condition settings for the simulation.

Main Moise Data Monlinearity Data I Visualization Operating Conditions

Operating condition selection is only available
when the data source contains operating condition information

QK I Cancel | Help | Apply

If the data source contains data at multiple operating conditions, the
Operating Conditions tab contains two columns. The Conditions
column shows the available conditions, and the Values column contains
a drop-down list of the available values for the corresponding condition.
Use the drop-down lists to specify the operating condition values to

use in simulation.
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See Also Output Port, S-Parameters Mixer, Y-Parameters Mixer, Z-Parameters
Mixer

rfdata.data (RF Toolbox)
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Purpose
Library

Description

General
Passive Network

Dialog
Box

Model two-port passive network described by rfdata object
Black Box Elements sublibrary of the Physical library

The General Passive Network block models the two-port passive
network described by an RF Toolbox data (rfdata.data) object.

If network parameter data and their corresponding frequencies exist as
S-parameters in the rfdata.data object, the General Passive Network
block interpolates the S-parameters to determine their values at the
modeling frequencies. If the block contains network Y- or Z-parameters,
the block first converts them to S-parameters. See “Map Network
Parameters to Modeling Frequencies” for more details.

.
Main Tab
E! Block Parameters: General Passive Network |

General Passive Netwaork

Two-port passive network. described by an RFDATA object or data from a file.

Data interpolation is uzed during simulation.

IVisuaIization I

[Data source: I [ ata file ;I

D ata file: Ipassive.s2p Browse ... |

RFDATA object: Iread[rfdata.data, ‘passive.s2p']
Interpolation method:l Linear LI

] I Cancel | Help | Apply |

Data source
Determines the source of the data that describes the passive device
behavior. The data source must contain network parameters and
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may also include noise data, nonlinearity data, or both. The value
can be Data file or RFDATA object.

RFDATA object

If Data source is set to RFDATA object, use this field to specify
an RF Toolbox data (rfdata.data) object. You can specify the
object as (1) the handle of a data object previously created
using RF Toolbox software, (2) an RF Toolbox command such as
rfdata.data('Freq',1e9,'S_Parameters',[0 O0; 0.5 0]),
which creates a data object, or (3) a MATLAB expression that
generates such an object.

Data file

If Data source is set to Data file, use this field to specify the
name of the file that contains the amplifier data. The file name
must include the extension. If the file is not in your MATLAB
path, specify the full path to the file or click the Browse button
to find the file.

Interpolation method

The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation
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Visualization Tab

E! Block Parameters: General Passive Network x|

General Passive Network

Two-port pazzive network described by an BFDATA object or data from a file,

D ata interpalation iz uzed during simulation.

Main  Wisualization I

Source of frequency data: IEHtracted from data source ;I
Frequency data [Hz): I[D.398:1e?:899]

Reference impedance [ohms]: ISD

Plat type: IX-Y plane ;I
't parameterl: m 't format1: lm
' parameters: Iﬁ ' formatz: Iﬁ
* parameter: m # format; Hz -
Y scale: m ¥ scale: Linear hd

Ok I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples Creating a General Passive Network Block from File Data

This example creates a two-port passive network from the data in the

file passive.s2p. The file contains S-parameters for frequencies from

about 0.315 MHz to 6.0 GHz. The General Passive Network block uses
linear interpolation to model the network described in the object.

1 On the Main tab, accept the default settings.
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E! Block Parameters: General Passive Network |

General Passive Netwaork

Two-port passive network. described by an RFDATA object or data from a file.

Data interpolation is used during simulation.

I Visualization I

Data source: I D ata file ;I

Data file: Ipassive.s2p Browse ... |

RFDATA object: Iread[rfdata.data, ‘passive.s2p’)
Interpolation method:l Linear ;I

ak. I Cancel | Help | Apply |

2 On the Visualization tab, set the parameters as follows:

¢ In the Plot type list, select Z Smith chart.
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x|
General Passive Metwork
Two-port pasgive network described by an BFDATA object or data from a file.
D ata interpalation is wsed during simulation,
Main  Yisualization I
Source of frequency data; IExtracted from data source ;I
Frequency data [Hz): I[D.BeE:'Ie?:BeS]
Reference impedance [ohme]: IED
Flot type: IZ Smith chart LI
‘' parameterl: m 't format1: lm
't parameter?: Iﬁ 't format2: lﬁ
* parameter: m * format; Hz -
' scale: m # scale: Im

Plat |

o]

Cancel |

Help |

Apply |

Click Plot. This action creates a Z Smith chart of the S;; parameters,

using the frequencies taken from the RFDATA object parameter on
the Main tab.
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) untitled /General Passive Network =]
N

File Edit Wiew Insert Tools Desktop Window Help

Ded& hRaM®|(E| 0B =0

Z0= 50 +1.0

See Also General Circuit Element, Output Port, S-Parameters Passive Network,
Y-Parameters Passive Network, Z-Parameters Passive Network

rfdata.data (RF Toolbox)
interpl (MATLAB)
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Purpose

Library

Description

R
T e B
T

Standard highpass RF filters in baseband-equivalent complex form

Mathematical

Note To use this block, you must install DSP System Toolbox software.
For more information, see the SimRF release notes.

The Highpass RF Filter block lets you design standard analog highpass
filters, implemented in baseband-equivalent complex form. The
following table describes the available design methods.

Design Method

Description

Butterworth

The magnitude response of a Butterworth
filter is maximally flat in the passband and
monotonic overall.

Chebyshev I

The magnitude response of a Chebyshev I
filter is equiripple in the passband and
monotonic in the stopband.

Chebyshev II

The magnitude response of a Chebyshev I1
filter is monotonic in the passband and
equiripple in the stopband.

Elliptic The magnitude response of an elliptic filter
1s equiripple in both the passband and the
stopband.

Bessel The delay of a Bessel filter is maximally flat

in the passband.

The block input must be a discrete-time complex signal.

Note This block assumes a nominal impedance of 1 ohm.

2-83



Highpass RF Filter

2-84

Select the design of the filter from the Design method list in the dialog
box. For each design method, the block lets you specify the filter design
parameters shown in the following table.

Design Method Filter Design Parameters

Butterworth Order, passband edge frequency

Chebyshev I Order, passband edge frequency, passband
ripple

Chebyshev II Order, stopband edge frequency, stopband
attenuation

Elliptic Order, passband edge frequency, passband
ripple, stopband attenuation

Bessel Order, passband edge frequency

The Highpass RF Filter block designs the filters using the Signal
Processing Toolbox filter design functions buttap, cheblap, cheb2ap,
ellipap, and besselap.

Note Some RF blocks require the sample time to perform baseband
modeling calculations. To ensure the accuracy of these calculations, the
Input Port block, as well as the mathematical RF blocks, compare the
input sample time to the sample time you provide in the mask. If they
do not match, or if the input sample time is missing because the blocks
are not connected, an error message appears.
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Dialog
Box

=] Function Block Parameters: Highpass RF Filter x|

—Highpass RF Filter [mask] (link]

Design one of several standard highpass fiters, implemented in baseband equivalent
complex form.

—Parameters

Dresign method: | Buttenworth LI
Filter arder:

]

Pazzband edge frequency [Hz):

|1.9330e3

Finite impulze response filter length:
EH

Center frequency:

J2=a

Sample time [s]:
[1e5

Cancel | Help | Apply |

The parameters displayed in the dialog box vary for different design
methods. Only some of these parameters are visible in the dialog box
at any one time.

You can change tunable parameters while the model is running.
Design method

Filter design method. The design method can be Butterworth,
Chebyshev I, Chebyshev II,Elliptic, or Bessel. Tunable.

Filter order
Order of the filter.

Passband edge frequency (Hz)
Passband edge frequency for Butterworth, Chebyshev I, elliptic,
and Bessel designs. Tunable.

Stopband edge frequency (Hz)
Stopband edge frequency for Chebyshev II designs. Tunable.
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See Also

Passband ripple in dB
Passband ripple for Chebyshev I and elliptic designs. Tunable.

Stopband attenuation in dB
Stopband attenuation for Chebyshev II and elliptic designs.
Tunable.

Finite impulse response filter length
Desired length of the baseband-equivalent impulse response for
the filter.

Center frequency (Hz)
Center of the modeling frequencies.

Sample time
Time interval between consecutive samples of the input signal.

Amplifier, Bandpass RF Filter, Bandstop RF Filter, Lowpass RF Filter,
Mixer

buttap, cheblap, cheb2ap, ellipap, besselap (Signal Processing
Toolbox)
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Purpose
Library

Description

Input
Fort

El

Connection block from Simulink environment to RF physical blocks
Input/Output Ports sublibrary of the Physical library

The Input Port block is a connecting port from the Simulink, or
mathematical, part of the model to an RF physical part of the model.
The Input Port block lets you provide the parameter data needed

to calculate the modeling frequencies and the baseband-equivalent
impulse response for the physical subsystem. It also lets you specify
information about how to interpret the incoming Simulink signal.

For more information about how the Input Port block converts the
mathematical Simulink signals to physical modeling environment
signals, see “Convert to and from Simulink Signals”.

Note Some RF blocks use the sample time to perform baseband
modeling calculations. To ensure the accuracy of these calculations, the
Input Port block, as well as the mathematical RF blocks, compare the
input sample time to the sample time you provide in the Input Port
mask. If they do not match, or if the input sample time is missing
because the blocks are not connected, an error message appears.

2-87



Input Port

L]
DIO |Og =] Block Parameters: Input Port x|
Box —InputPart
Connection block from Simulink to RF Blockset physical blocks.

The RF Blockset physical blocks use a baseband-equivalent modeling technique.
This technique models a bandwidth of 1/(Sample time), centered at the specified
Center frequency parameter value. This frequency value corresponds to 0 Hz in
the baseband-equivalent madel.

The black provides the option to interpret the Simulink signal as either the incident
power wave to the RF system or the source voltage of the RF system. The
‘Incident power wave' option is the most common RF modeling interpretation,

while the 'Source voltage' option is provided for backwards compatibility. If the
input Simulink signal is the incddent power wave, the output of the RF system is the
transmitted power wave. If the inputis the source voltage, the output

is the load voltage.

The black controls the modeling of RF Blockset physical blocks between this block
and the Qutput Port block using:

- FIR. filters to model the frequency-dependent characteristics

- Look-up tables to model the nonlinear behaviors

Optional guard bands can be specified as a fraction of the modeling bandwidth.
The guards bands are implemented by applying a Tukey window to the frequency
response. Modeling delay may be added to improve the response of the FIR filters.

—Parameters
Treat input Simulink signal as: ISource voltage j
Source impedance (ohms): I 50

Finite impulse response filter length: I 128

Fractional bandwidth of guard bands: ID

Modeling delay (samples): ID
Center frequency (Hz): I 2e9
Sample time (s): I 1e-7
¥ Add naise
Initial seed: |67987

Apply

oK I Cancel | :

Treat input Simulink signal as
Select one of the following options for interpreting the input
Simulink signal:

e Incident power wave — Interpret the input signal as the
incident power wave of the RF system described in the physical
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model to which it connects. When you select this option, the
output signal of the RF system is the transmitted power wave.
This is the most common RF modeling interpretation.

e Source voltage — Interpret the input signal as the source
voltage of the RF system described in the physical model to
which it connects. As a result, the baseband-equivalent model
includes the loss through the source impedance. When you
select this option, the output signal of the RF system is the
load voltage.

For more information about these options, see “Convert to and
from Simulink Signals”.

Source impedance (ohms)
Source impedance of the RF network described in the physical
model to which it connects.

Finite impulse response filter length
Desired length of the baseband-equivalent impulse response for
the physical model. The longer the FIR filter in the time domain,
the finer the frequency resolution in the frequency domain. The
frequency resolution is approximately equal to 1/ (Finite impulse
response filter length*Sample time (s)). For a graphical
representation of this parameter, see “Baseband-Equivalent
Modeling”.

Note The equivalent-baseband simulation algorithm uses the
next power of 2 greater than the specified filter length in its
calculations and then truncates the impulse response to the
specified length. As a result, you get different results when you
set the Finite impulse response filter length parameter to
a number that is not a power of 2. For more information, see
“Calculate the Baseband-Equivalent Impulse Response”.

2-89



Input Port

Fractional bandwidth of guard bands
Fraction of modeling bandwidth over which to taper the edges
of the transfer function of the system when creating the
baseband-equivalent model. This parameter defines the ratio of
the bandwidth of sections that are tapered using a Tukey, or
cosine-tapered, window to the bandwidth of the constant, or
untapered, sections.

A value less than or equal to 0 tells the Input Port block to use a
rectangular (rectwin) window. A value greater than or equal to 1
tells the Input Port block to use a hann window.

The blockset uses the Signal Processing Toolbox tukeywin
function to generate the window. The following figure shows
the resulting frequency-domain window for several values of the
Fractional bandwidth of guard bands parameter.
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See “Create a Complex Baseband-Equivalent Model” for
information about how the Input Port block applies this window
to reduce the Gibbs phenomenon (also known as ringing), and
other artifacts in the baseband-equivalent model of the system.

Modeling delay (samples)
Number of time samples by which to delay the impulse
response of the baseband-equivalent model to ensure that the
baseband-equivalent model has a causal response.
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See “Create a Complex Baseband-Equivalent Model” for
information on how the Input Port block applies this delay to
ensure a causal response.

Center frequency (Hz)
Center of the modeling frequencies. See the Output Port block
reference page for information about calculating the modeling
frequencies.

Sample time (s)
Time interval between consecutive samples of the input signal.

Note The Input Port block does not automatically inherit a
sample time from its input signal. The specified Sample time (s)
value must match the sample time of the input signal.

Add noise
If you select this parameter, noise data in the RF physical blocks
that are bracketed by the Input Port block and Output Port block
1s taken into consideration. If you do not select this parameter,
noise data 1s ignored.

Initial seed
Nonnegative integer specifying the initial seed for the random
number generator the block uses to generate noise. This
parameter becomes visible if you select the Add noise parameter.
If you specify the initial seed parameter with a variable, the
initial seed changes each successive time you run a model.

See Also Output Port
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Purpose
Library

Description

Model LC bandpass pi network
Ladder Filters sublibrary of the Physical library

The LC Bandpass Pi block models the LC bandpass pi network
described in the block dialog box, in terms of its frequency-dependent
S-parameters.

For each inductor and capacitor pair in the network, the block first
calculates the ABCD-parameters at each frequency contained in the
vector of modeling frequencies. For each series pair, A=1, B=2Z C=0,
and D = 1, where Z is the impedance of the series pair. For each shunt
pair, A=1,B=0,C =Y, and D = 1, where Y is the admittance of the
shunt pair.

The LC Bandpass Pi block then cascades the ABCD-parameters for each
series and shunt pair at each of the modeling frequencies, and converts
the cascaded parameters to S-parameters using the RF Toolbox abcd2s
function.

See the Output Port block for information about determining the
modeling frequencies.

The LC bandpass pi network object is a two-port network as shown
in the following circuit diagram.

L2 CZ |—4 C4

[L,, Ly, L, L, ...] is the value of the 'L"' property, and [C,, C,, C,, C,, ...]
is the value of the 'C' property.
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. .
Dialog Main Tab
Box
E! Block Parameters: LC Bandpass Pi 4|
LC Bandpass Fi
’7 Model an LC bandpass pi network.

I Yisualization |

Inductance [H]: |[1.4445e-9 4359498 1.44462-9]

Capacitance [F): |[3.5?85e-11 1176212 3.5785e-11]

o]

Cancel | Help |

Apply |

Inductance (H)

Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least three elements. All values must be strictly positive.

Capacitance (F)

Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to the
length of the vector you provide in the Inductance parameter.

All values must be strictly positive.
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Visualization Tab

x
LC Bandpass Pi
’7 Model an LC bandpass pi network.
Main  “isuslization |
Source of frequency data: IUser-specified LI
Frequency data [Hz]: I[EDDBE:4eB: A00eE]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: m ¥ format]: Im
Y parameter?: Iﬁ ' formatz: lﬁ
¥ parameter: Im X format:  [Hz hd
Y soale: m # soale: lm

:

Plat

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples Using a Ladder Filter Block to Filter Gaussian Noise

This example provides complex random noise in Gaussian form as input
to an LC Bandpass Pi block. A DSP System Toolbox Spectrum Scope
block plots the filtered output.
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The DSP System Toolbox Random Source block produces frame-based
output at 512 samples per frame. Its Sample time parameter is set to
1.0e-9. This sample time must match the sample time for the physical
part of the model, which you provide in the Input Port block diagram.

The Input Port block specifies Finite impulse response filter length
as 256, Center frequency as 700.0e6 Hz, Sample time as 1.0e-9, and
Source impedance as 50 ohms.



LC Bandpass Pi

= Block Parameters: Input Port

— Input Port
Connection block from Simulink to RF Blockset physical blocks.

The RF Blockset physical blocks use a baseband-equivalent modeling technique.
This technique models a bandwidth of 1/(Sample time), centered at the specified
Center frequency parameter value. This frequency value corresponds to 0 Hz in
the baseband-equivalent madel.

The black provides the option to interpret the Simulink signal as either the incident
power wave to the RF system or the source voltage of the RF system. The
‘Incident power wave' option is the most common RF modeling interpretation,

while the 'Source voltage' option is provided for backwards compatibility. If the
input Simulink signal is the incddent power wave, the output of the RF system is the
transmitted power wave. If the inputis the source voltage, the output

is the load voltage.

The black controls the modeling of RF Blockset physical blocks between this block
and the Qutput Port block using:

- FIR. filters to model the frequency-dependent characteristics

- Look-up tables to model the nonlinear behaviors

Optional guard bands can be specified as a fraction of the modeling bandwidth.
The guards bands are implemented by applying a Tukey window to the frequency
response. Modeling delay may be added to improve the response of the FIR filters.

—Parameters
Treat input Simulink signal as: ISource voltage j
Source impedance (ohms): I 50

Finite impulse response filter length: I 256

Fractional bandwidth of guard bands: ID

Modeling delay (samples): ID
Center frequency (Hz): I 7006
Sample time (s): I 1e-9
¥ Add naise
Initial seed: |67987

OK I Cancel |

The LC Bandpass Pi block provides the inductances for three inductors,
in order from source to load, [1.4446e-9, 4.3949¢-8, 1.4446e-9].
Similarly, it provides the capacitances for three capacitors [3.5785e-11,

1.1762e-12, 3.5785e-11].
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2-98

[C)Block Parameters: LC Bandpass Pi |

’—LE Bandpaszs Pi

todel an LC bandpass pi network.

I Yisualization |

Inductance [H]: |[1.444Ee-9 4359498 1.4446e-9)
Capacitance [F): |[3.5?853-11 1.1762e12 3.5785e-11]

0K I Cancel | Help | Apply |

The following plot shows a sample of the baseband-equivalent RF signal
generated by this LC Bandpass Pi block. Zero (0) on the frequency axis
corresponds to the center frequency specified in the Input Port block.
The bandwidth of the frequency spectrum is 1/sample time. You specify
the Sample time parameter in the Input Port block.

The Axis Properties of the Spectrum Scope block have been adjusted
to show the frequencies above and below the carrier. The Minimum
Y-limit parameter is -90, and Maximum Y-limit is 0.
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References [1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,
1967.

See Also General Passive Network, LC Bandpass Tee, LC Bandstop Pi, LC
Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC Lowpass Pi, LC
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt
L, Shunt R, Shunt RLC
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Purpose

Library

Description

2-100

=

Model LC bandpass tee network
Ladder Filters sublibrary of the Physical library

The L.C Bandpass Tee block models the L.C bandpass tee network
described in the block dialog box, in terms of its frequency-dependent
S-parameters.

For each inductor and capacitor pair in the network, the block first
calculates the ABCD-parameters at each frequency contained in the
vector of modeling frequencies. For each series pair, A=1, B=2Z C=0,
and D = 1, where Z is the impedance of the series pair. For each shunt
pair, A=1,B=0,C =Y, and D = 1, where Y is the admittance of the
shunt pair.

The L.C Bandpass Tee block then cascades the ABCD-parameters
for each series and shunt pair at each of the modeling frequencies,
and converts the cascaded parameters to S-parameters using the RF
Toolbox abcd2s function.

See the Output Port block reference page for information about
determining the modeling frequencies.

The LC bandpass tee network object is a two-port network as shown
in the following circuit diagram.

-

[L,, L,, L;, L, ...] is the value of the 'L ' property, and [C,, C,, C;, C,, ...]
1s the value of the 'C' property.
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L] .
Dialog Main Tab
Box
E! Block Parameters: LC Bandpass Tee 4|
LC Bandpass T
’7 tModel an LC bandpass tee netwark.

I Yisualization |

Inductance [H]: |[2.?812e-8 30139 27812e-8]

Capacitance [F): |[1.858?e-12 1.7157e-11 1.8887e-12]

o]

Cancel | Help |

Apply |

Inductance (H)

Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least three elements. All values must be strictly positive.

Capacitance (F)

Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to the
length of the vector you provide in the Inductance parameter.

All values must be strictly positive.
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Examples

References

See Also
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Visualization Tab

x
LC Bandpass Tee

’7 Model an LC bandpass tee network.
Main  “isuslization |
Source of frequency data: IUser-specified LI

Frequency data [Hz]: I[EDDBE:4eB: A00eE]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: |S2‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IHz LI
Y soale: ILinear ;I # soale: LI
__Fe |

ak I Cancel |

Apply |

For information about plotting, see “Create Plots”.
See the LC Bandpass Pi block for an example of an LC filter.

[1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,

1967.

General Passive Network, LC Bandpass Pi, LC Bandstop Pi, LC
Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC Lowpass Pi, L.C
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt

L, Shunt R, Shunt RLC
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Purpose

Description

Model LC bandstop pi network
Ladder Filters sublibrary of the Physical library

The LC Bandstop Pi block models the L.C bandstop pi network
described in the block dialog box, in terms of its frequency-dependent
S-parameters.

For each inductor and capacitor pair in the network, the block first
calculates the ABCD-parameters at each frequency contained in the
vector of modeling frequencies. For each series pair, A=1, B=2Z C=0,
and D = 1, where Z is the impedance of the series pair. For each shunt
pair, A=1,B=0,C =Y, and D = 1, where Y is the admittance of the
shunt pair.

The LC Bandstop Pi block then cascades the ABCD-parameters for each
series and shunt pair at each of the modeling frequencies, and converts
the cascaded parameters to S-parameters using the RF Toolbox abcd2s
function.

See the Output Port block for information about determining the
modeling frequencies.

The LC bandstop pi network object is a two-port network as shown
in the following circuit diagram.

Ly Ly
C2 C4 -
[ [

L, | L, |

1 L

[L,, Ly, L, L, ...] is the value of the 'L"' property, and [C,, C,, C,, C,, ...]
is the value of the 'C' property.
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. .
Dialog Main Tab
Box
E! Block Parameters: LC Bandstop Pi 4|
LC Bandstop Pi
’7 Model an LC bandstop pi netwark.

I Yisualization |

Inductance [H]: |[2.8091 a8 226039 280972-8]

Capacitance [F): |[1.84039-12 2287111 1.8403e-12]

o]

Cancel | Help |

Apply |

Inductance (H)

Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least three elements. All values must be strictly positive.

Capacitance (F)

Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to the
length of the vector you provide in the Inductance parameter.

All values must be strictly positive.
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|

Visualization Tab

E! Block Parameters: LC Bandstop Pi x|

" LC B andstop Pi

Model an LC bandstop pi network.

Main  “isuslization |

Source of frequency data: IUser-specified
Frequency data [Hz]: I[EDDBE:4eB: A00eE]

Reference impedance [ohms]:ISU

L

Flat type: IX-Y plane

Y parameter]: |S2‘I vl ¥ format]: IMagnitude [decibels] vl

L]

Y parameter?: I vl ' formatz: I VI
¥ parameter: IFleq VI X format:  [Hz hd
Y soale: ILinear vl # soale: ILinear 'l

:

Plat

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples See the LC Bandpass Pi block for an example of an LC filter.

References [1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,
1967.

See Also General Passive Network, LLC Bandpass Pi, LC Bandpass Tee, L.C
Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC Lowpass Pi, L.C
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt
L, Shunt R, Shunt RLC
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Purpose Model LC bandstop tee network
Librclry Ladder Filters sublibrary of the Physical library
Description The L.C Bandstop Tee block models the L.C bandstop tee network

described in the block dialog box, in terms of its frequency-dependent

N ‘ﬂb%ﬁrf——" o S-parameters.

—— For each inductor and capacitor pair in the network, the block first
calculates the ABCD-parameters at each frequency contained in the
vector of modeling frequencies. For each series pair, A=1, B=2Z C=0,
and D = 1, where Z is the impedance of the series pair. For each shunt
pair, A=1,B=0,C =Y, and D = 1, where Y is the admittance of the
shunt pair.

The L.C Bandstop Tee block then cascades the ABCD-parameters
for each series and shunt pair at each of the modeling frequencies,
and converts the cascaded parameters to S-parameters using the RF
Toolbox abcd2s function.

See the Output Port block for information about determining the
modeling frequencies.

The LC bandstop tee network object is a two-port network as shown
in the following circuit diagram.

L, Ly
— ¢, cs
N N
N L, N Ly
C2 C4

[L,, L,, L;, L, ...] is the value of the 'L ' property, and [C,, C,, C;, C,, ...]
1s the value of the 'C' property.
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L] .
Dialog Main Tab
Box
E! Block Parameters: LC Bandstop Tee 4|
LC Bandstop T
’7 todel an LC bandstop tee netwark.

I Yisualization |

Inductance [H]: |[2.?908e-9 49321e-8 279082-9]

Capacitance [F): |[1.8523e-11 1.0481e-12 1.8523e-11]

o]

Cancel | Help |

Apply |

Inductance (H)

Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least three elements. All values must be strictly positive.

Capacitance (F)

Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to the
length of the vector you provide in the Inductance parameter.

All values must be strictly positive.
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References

See Also
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Visualization Tab

x
LC Bandstop Tee

’7 Model an LC bandstop tee network.
Main  “isuslization |
Source of frequency data: IUser-specified LI

Frequency data [Hz]: I[EDDBE:4eB: A00eE]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: |S2‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IHz LI
Y soale: ILinear ;I # soale: LI
__Fe |

ak I Cancel |

Apply |

For information about plotting, see “Create Plots”.
See the LC Bandpass Pi block for an example of an LC filter.

[1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,

1967.

General Passive Network, LLC Bandpass Pi, LC Bandpass Tee, L.C
Bandstop Pi, LC Highpass Pi, LC Highpass Tee, LLC Lowpass Pi, L.C
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt

L, Shunt R, Shunt RLC
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Purpose Model LC highpass pi network
Librclry Ladder Filters sublibrary of the Physical library

Description The LC Highpass Pi block models the L.C highpass pi network
described in the block dialog box, in terms of its frequency-dependent

® ﬁ N S-parameters.

For each inductor and capacitor in the network, the block first calculates
the ABCD-parameters at each frequency contained in the vector of
modeling frequencies. For each series circuit, A=1, B=Z, C=0, and
D =1, where Z is the impedance of the series circuit. For each shunt,
A=1,B=0,C=Y, and D =1, where Y is the admittance of the shunt
circuit.

The LC Highpass Pi block then cascades the ABCD-parameters for each
circuit element at each of the modeling frequencies, and converts the
cascaded parameters to S-parameters using the RF Toolbox abcd2s
function.

See the Output Port block reference page for information about
determining the modeling frequencies.

The LC highpass pi network object is a two-port network as shown
in the following circuit diagram.

[L,, Ly, Ly, ...] is the value of the 'L"' property, and [C,, C,, ...] is the
value of the 'C' property.
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Dialog Main Tab
Box
X

LC Highpaszs Fi
’7 Model an LC highpass pi netwark.

I Yisualization |

Inductance [H]: |[1.1881 a6 1.1881e-E]
Capacitance (F): 223639

ak I Cancel | Help | Apply |

Inductance (H)
Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least two elements. All values must be strictly positive.

Capacitance (F)
Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to or one
less than the length of the vector you provide in the Inductance
parameter. All values must be strictly positive.
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|

Visualization Tab

E! Block Parameters: LC Highpass Pi 5[

" LC Highpass Fi

Model an LC highpass pi network.

Main  “isuslization |

Source of frequency data: IUser-specified
Frequency data [Hz]: |[1 1ehdef]

Reference impedance [ohms]:ISU

L

Flat type: IX-Y plane

Y parameter]: |S2‘I vl ¥ format]: IMagnitude [decibels] vl

L]

Y parameter?: I vl ' formatz: I VI
¥ parameter: IFleq VI X format:  [Hz hd
Y soale: ILinear vl # soale: ILinear 'l

:

Plat

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples See the LC Bandpass Pi block for an example of an LC filter.

References [1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,
1967.

See Also General Passive Network, LLC Bandpass Pi, LC Bandpass Tee, L.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Tee, LC Lowpass Pi, L.C
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt
L, Shunt R, Shunt RLC
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Purpose
Library

Description

T
& &

2-112

Model LC highpass tee network
Ladder Filters sublibrary of the Physical library

The LC Highpass Tee block models the L.C highpass tee network
described in the block dialog box, in terms of its frequency-dependent
S-parameters.

For each inductor and capacitor in the network, the block first calculates
the ABCD-parameters at each frequency contained in the vector of
modeling frequencies. For each series circuit, A=1, B=Z, C=0, and
D =1, where Z is the impedance of the series circuit. For each shunt,
A=1,B=0,C=Y, and D =1, where Y is the admittance of the shunt
circuit.

The LC Highpass Tee block then cascades the ABCD-parameters for
each circuit element at each of the modeling frequencies, and converts
the cascaded parameters to S-parameters using the RF Toolbox abcd2s
function.

See the Output Port block reference page for information about
determining the modeling frequencies.

The LC highpass tee network object is a two-port network as shown
in the following circuit diagram.

[L,, Ly, L, ...] is the value of the 'L' property, and [C,, C,, C,, ...] is the
value of the 'C' property.



LC Highpass Tee

L] .
Dialog Main Tab
Box
E! Block Parameters: LC Highpass Tee 4|
LC Highpass T
’7 Model an LC highpass tee network.

IVisuaIization |

Inductance (H):  [5.5907=-6

Capacitance [F): |[4.?524e-10 4.7524e-10]

o]

Cancel | Help

| Apply |

Inductance (H)

Vector containing the inductances, in order from source to load, of
all inductors in the network. All values must be strictly positive.

The vector cannot be empty.

Capacitance (F)

Vector containing the capacitances, in order from source to load, of
all capacitors in the network. The capacitance vector must contain
at least two elements. Its length must be equal to or one greater
than the length of the vector you provide in the Inductance
parameter. All values must be strictly positive.

2-113



LC Highpass Tee

Examples

References

See Also
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Visualization Tab

x
LC Highpass Tee

’7 Model an LC highpass tee network.
Main  “isuslization |
Source of frequency data: IUser-specified LI

Frequency data [Hz]: |[1 1.0e5:4e6]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: |S2‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IHz LI
Y soale: ILinear ;I # soale: LI
__Fe |

ak I Cancel |

Apply |

For information about plotting, see “Create Plots”.
See the LC Bandpass Pi block for an example of an LC filter.

[1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,

1967.

General Passive Network, LLC Bandpass Pi, LC Bandpass Tee, L.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Lowpass Pi, L.C
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt

L, Shunt R, Shunt RLC




LC Lowpass Pi

Purpose Model LC lowpass pi network

Librclry Ladder Filters sublibrary of the Physical library

Description The L.C Lowpass Pi block models the L.C lowpass pi network described in
the block dialog box, in terms of its frequency-dependent S-parameters.

& TWI T ° For each inductor and capacitor in the network, the block first calculates

the ABCD-parameters at each frequency contained in the vector of
modeling frequencies. For each series circuit, A=1, B=Z, C=0, and
D =1, where Z is the impedance of the series circuit. For each shunt,
A=1,B=0,C=Y, and D =1, where Y is the admittance of the shunt
circuit.

The LC Lowpass Pi block then cascades the ABCD-parameters for each
circuit element at each of the modeling frequencies, and converts the
cascaded parameters to S-parameters using the RF Toolbox abcd2s
function.

See the Output Port block reference page for information about
determining the modeling frequencies.

The LC lowpass pi network object is a two-port network as shown in the
following circuit diagram.

Ly L,

-

——C4 — ) — o

[L,, Ly, ...] is the value of the 'L' property, and [C;, C,, C,, ...] is the
value of the 'C' property.
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L]
Dialog Main Tab
Box
zl
LC Lowpass Pi
’7 Model an LC lowpass pi netwark.

I Yisualization |

Inductance (H):  [2 63186
Capacitance [F): |[5.32989-9 B.3296e-9]

ak I Cancel | Help | Apply |

Inductance (H)
Vector containing the inductances, in order from source to load, of
all inductors in the network. All values must be strictly positive.
The vector cannot be empty.

Capacitance (F)
Vector containing the capacitances, in order from source to load, of
all capacitors in the network. The capacitance vector must contain
at least two elements. Its length must be equal to or one greater
than the length of the vector you provide in the Inductance
parameter. All values must be strictly positive.
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|

Visualization Tab

E! Block Parameters: LC Lowpass Pi x|

" LC Lowpass Pi

Model an LC lowpass pi network.

Main  “isuslization |

Source of frequency data: IUser-specified
Frequency data [Hz]: |[1 1.0e5:4e6]

Reference impedance [ohms]:ISU

L

Flat type: IX-Y plane

Y parameter]: |S2‘I vl ¥ format]: IMagnitude [decibels] vl

L]

Y parameter?: I vl ' formatz: I VI
¥ parameter: IFleq VI X format:  [Hz hd
Y soale: ILinear vl # soale: ILinear 'l

:

Plat

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples See the LC Bandpass Pi block for an example of an LC filter.

References [1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,
1967.

See Also General Passive Network, LLC Bandpass Pi, LC Bandpass Tee, L.C
Bandstop Pi, LC Bandstop Tee, LLC Highpass Pi, LC Highpass Tee, L.C
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt
L, Shunt R, Shunt RLC

2-117



LC Lowpass Tee

Purpose
Library

Description

® L @
T

2-118

Model LC lowpass tee network
Ladders Filters sublibrary of the Physical library

The LC Lowpass Tee block models the L.C lowpass tee network
described in the block dialog box in terms of its frequency-dependent
S-parameters.

For each inductor and capacitor in the network, the block first calculates
the ABCD-parameters at each frequency contained in the vector of
modeling frequencies. For each series circuit, A=1, B=Z, C=0, and
D =1, where Z is the impedance of the series circuit. For each shunt,
A=1,B=0,C=Y, and D =1, where Y is the admittance of the shunt
circuit.

The LC Lowpass Tee block then cascades the ABCD-parameters for
each circuit element at each of the modeling frequencies, and converts
the cascaded parameters to S-parameters using the RF Toolbox abcd2s
function.

See the Output Port block reference page for information about
determining the modeling frequencies.

The LC lowpass tee network object is a two-port network as shown
in the following circuit diagram.

Ly Lo Ls

P -

— C4 N C2 — Cj3

[L,, Ly, L, ...] is the value of the 'L' property, and [C,, C,, C,, ...] is the
value of the 'C' property.
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L] .
Dialog Main Tab
Box
zl
LC Lowpass Tee
’7 Model an LC lowpass tee netwark.

it aini IVisuaIization |

Inductance [H]: |[1.3324e-5 1.3324e-5]
Capacitance (F): [1.13272-9

ak I Cancel | Help | Apply |

Inductance (H)
Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least two elements. All values must be strictly positive.

Capacitance (F)
Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to or one
less than the length of the vector you provide in the Inductance
parameter. All values must be strictly positive.
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Visualization Tab

x
LC Lowpass Tee
’7 Model an LC lowpass tee network.
Main  “isuslization |
Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 1.0e5:4e6]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: |S2‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IHz LI
Y soale: ILinear ;I # soale: ILinear LI

:

Plat

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples See the LC Bandpass Pi block for an example of an LC filter.

References [1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,
1967.

See Also General Passive Network, LLC Bandpass Pi, LC Bandpass Tee, L.C
Bandstop Pi, LC Bandstop Tee, LLC Highpass Pi, LC Highpass Tee, L.C
Lowpass Pi, Series C, Series L, Series R, Series RLC, Shunt C, Shunt L,
Shunt R, Shunt RLC
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Purpose

Library

Description

iy S
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T e

Standard lowpass RF filters in baseband-equivalent complex form

Mathematical

Note To use this block, you must install DSP System Toolbox software.
For more information, see the SimRF release notes.

The Lowpass RF Filter block lets you design standard analog lowpass
filters, implemented in baseband-equivalent complex form. The
following table describes the available design methods.

Design Method Description

Butterworth The magnitude response of a Butterworth
filter is maximally flat in the passband and
monotonic overall.

Chebyshev I The magnitude response of a Chebyshev I filter
1s equiripple in the passband and monotonic in
the stopband.

Chebyshev II The magnitude response of a Chebyshev II
filter is monotonic in the passband and
equiripple in the stopband.

Elliptic The magnitude response of an elliptic filter
1s equiripple in both the passband and the
stopband.

Bessel The delay of a Bessel filter is maximally flat in

the passband.

The block input must be a discrete-time complex signal.

Note This block assumes a nominal impedance of 1 ohm.
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Select the design of the filter from the Design method list in the dialog
box. For each design method, the block enables you to specify the filter

design parameters shown in the following table.

Design Method

Filter Design Parameters

Butterworth

Order, passband edge frequency

Chebyshev I

Order, passband edge frequency, passband
ripple

Chebyshev II

Order, stopband edge frequency, stopband
attenuation

Elliptic Order, passband edge frequency, passband
ripple, stopband attenuation
Bessel Order, passband edge frequency

The Lowpass RF Filter block designs the filters using the Signal

Processing Toolbox filter design functions buttap, cheblap, cheb2ap,

ellipap, and besselap.

Note Some RF blocks require the sample time to perform baseband

modeling calculations. To ensure the accuracy of these calculations, the
Input Port block, as well as the mathematical RF blocks, compare the
input sample time to the sample time you provide in the mask. If they
do not match, or if the input sample time is missing because the blocks

are not connected, an error message appears.




Lowpass RF Filter

Dialog
Box

=]Function Block Parameters: Lowpass RF Filter x|

—Lowpass RF Filter [maszk] [link]

Design one of several standard lowpass filters, implemented in baseband equivalent
complex form.

—Parameters

Dresign method: | Buttenworth LI
Filter arder:

]

Pazzband edge frequency [Hz):

|1.9330e3

Finite impulze response filter length:
EH

Center frequency [Hz):

J2=a

Sample time [s]:
[1e5

Cancel | Help | Apply |

The parameters displayed in the dialog box vary for different design
methods. Only some of these parameters are visible in the dialog box
at any one time.

Parameters that are tunable can be changed while the model is running.
Design method

Filter design method. The design method can be Butterworth,
Chebyshev I, Chebyshev II,Elliptic, or Bessel. Tunable.

Filter order
Order of the filter.

Passband edge frequency (Hz)
Passband edge frequency for Butterworth, Chebyshev I, elliptic,
and Bessel designs. Tunable.

Stopband edge frequency (Hz)
Stopband edge frequency for Chebyshev II designs. Tunable.
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See Also
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Passband ripple in dB
Passband ripple for Chebyshev I and elliptic designs. Tunable.

Stopband attenuation in dB

Stopband attenuation for Chebyshev II and elliptic designs.
Tunable.

Finite impulse response filter length
Desired length of the baseband-equivalent impulse response for
the filter.

Center frequency (Hz)
Center of the modeling frequencies.
Sample time (s)
Time interval between consecutive samples of the input signal.

Amplifier, Bandpass RF Filter, Bandstop RF Filter, Highpass RF
Filter, Mixer

buttap, cheblap, cheb2ap, ellipap, besselap (Signal Processing
Toolbox)



Microstrip Transmission Line

Purpose
Library

Description

—_—
Microstrip

Model microstrip transmission line
Transmission Lines sublibrary of the Physical library

The Microstrip Transmission Line block models the microstrip
transmission line described in the block dialog in terms of its
frequency-dependent S-parameters. A microstrip transmission
line is shown in cross-section in the following figure. Its physical
characteristics include the microstrip width (w), the microstrip
thickness (¢), the substrate height (d), and the relative permittivity
constant (g).

~ 4
1 T‘

The block lets you model the transmission line as a stub or as a stubless
line.

Stubless Transmission Line

If you model a microstrip transmission line as a stubless line,

the Microstrip Transmission Line block first calculates the
ABCD-parameters at each frequency contained in the modeling
frequencies vector. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.

The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, &,
using the following equations:

2-125



Microstrip Transmission Line

2-126

A=ekd+e—kd
2
ZO*(ekd —kd)
B=
2
kd _ -kd
C_e *e
2% 7,
D:ekd+e—kd
2

Z, and k are vectors whose elements correspond to the elements of f,
a vector of modeling frequencies. Both can be expressed in terms of
the specified conductor strip width, substrate height, conductor strip
thickness, relative permittivity constant, conductivity, and dielectric
loss tangent of the microstrip line, as described in [1].

Shunt and Series Stubs

If you model the transmission line as a shunt or series stub,

the Microstrip Transmission Line block first calculates the
ABCD-parameters at each frequency contained in the vector of
modeling frequencies. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.

Shunt ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Shunt, the two-port network consists of a stub transmission line that
you can terminate with either a short circuit or an open circuit as
shown here.



Microstrip Transmission Line

#]

Z,, is the input impedance of the shunt circuit. The ABCD-parameters
for the shunt stub are calculated as

A=1
B=0
c=1/7,
D=1

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Series, the two-port network consists of a series transmission line
that you can terminate with either a short circuit or an open circuit
as shown here.

AL L

[ 0 [ 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as
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Dialog
Box
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O QW
(| T | B |
H o N -

Main Tab

E! Block Parameters: Microstrip Transmission Line x|

Microstrip Transmission Lini
’7Model a microstrip transmission line.

Main | \ﬁsualizah'onl

Strip width (m): J0.6e-3
Substrate height (m): | 0.635e-3
Strip thickness (m): |0.005e-3

Relative permittivity constant: |9.8

Loss tangent of dielectric: I 1]

Conductivity of conductor (S/m): Iinf

Transmission line length {m): ID.DI
Stub mode: INot a stub LI
Termination of stub: IOpen LI

0K I Cancel Help | Apply

Strip width (m)
Width of the microstrip transmission line.

Substrate height (m)

Thickness of the dielectric on which the microstrip resides.

Strip thickness (m)
Physical thickness of the microstrip.

Relative permittivity constant

Relative permittivity of the dielectric expressed as the ratio of the
permittivity of the dielectric to permittivity in free space ¢,



Microstrip Transmission Line

Loss tangent in dielectric
Loss angle tangent of the dielectric.

Conductivity in conductor (S/m)

Conductivity of the conductor in siemens per meter.

Transmission line length (m)
Physical length of the transmission line.

Stub mode
Type of stub. Choices are Not a stub, Shunt, or Series.

Termination of stub

Stub termination for stub modes Shunt and Series. Choices are
Open or Short. This parameter becomes visible only when Stub

mode is set to Shunt or Series.

Visualization Tab

E! Block Parameters: Microstrip Transmission Line |
Micrastip T ransmission Line
’7 Madel a microstip transmission line.
Main WVisualization |
Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I e9:1.0ek:3e9)
Reference impedance [ohms]:ISD
Flot type: IX-Y plane ;I
Y parameter]: 521 | formatl: |Angle [degrees) -
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | xformat  |Hz -
Y soale: lm R scale: lm

Plat |

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.
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References

See Also
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[1] Gupta, K.C., G. Ramesh, I. Bahl, and P. Bhartia, Microstrip Lines
and Slotlines, Second Edition, Artech House, 1996. pp. 102-109.

Coaxial Transmission Line, Coplanar Waveguide Transmission
Line, General Passive Network, Transmission Line, Parallel-Plate
Transmission Line, Two-Wire Transmission Line



Mixer (ldealized Baseband)

Purpose

Library

Description

i

Complex baseband model of mixer and local oscillator with phase noise

Mathematical

Note To use this block, you must install DSP System Toolbox software.
For more information, see the SimRF release notes.

The Mixer block generates a complex baseband model of the following:

e A mixer

® A local oscillator with phase noise whose spectrum is characterized
by a 1/f slope

The Mixer block includes both the IF and RF signals as
complex-baseband equivalent signals. Both the IF and RF center
frequencies are represented as 0 hertz. The amplitude of the noise
spectrum is specified by the noise power contained in a 1-hertz
bandwidth offset from the carrier by a specified frequency.

Note This block assumes a nominal impedance of 1 ohm.

The block applies the phase noise to the signal as follows:

1 Generates additive white Gaussian noise (AWGN) and filters it with
a digital filter.

2 Adds the resulting phase noise to the angle component of the input
signal.

You can view the block’s implementation of phase noise by right-clicking

the block and selecting Look under mask from the pop-up menu. The
following figure shows the implementation.
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¥

Input Signal
In

Check I o1

Gain Productl

DF2T

¥

¥

MNoiss Soume

MNoiss Soume Cigital Fil Magnitude-Angle
et Fer o Complex

You can view the construction of the Noise Source subsystem by
double-clicking it.

L]
Dialog zl
Box —Mixer [mask] [link]

Complex baseband madel of mixer with phaze noise.

The phaze noize of thiz block charactenized by a 1/f slope. The level of the
spectium is zpecified by the noize power contained in & one hertz bandwidth offzet
from the camier by a certain frequency.

—Parameters

Cornversion gain [dB]:
jo
Phase noize level [dBc/Hz):
|-120

Frequency offzet [Hz]:
J100

Initial seed:

|2137

] I Cancel | E

Apply |

You can change parameters that are marked as tunable in the following
descriptions while the model is running.

Conversion gain (dB)

Scalar specifying the conversion gain for the mixer. Use a
negative value to specify loss. Tunable.
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References

See Also

Phase noise level (dBc/Hz)
Scalar specifying the phase noise level in decibels relative to the
carrier, per hertz. Tunable.

Frequency offset (Hz)
Scalar specifying the frequency offset. Tunable.

Initial seed
Nonnegative integer specifying the initial seed for the random
number generator the block uses to generate noise.

[1] Kasdin, N.J., “Discrete Simulation of Colored Noise and Stochastic
Processes and 1/(f*alpha); Power Law Noise Generation,” The

Proceedings of the IEEE, May, 1995, Vol. 83, No. 5.

Amplifier, Bandpass RF Filter, Bandstop RF Filter, Highpass RF Filter,
Lowpass RF Filter
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Output Port

Purpose Connection block from RF physical blocks to Simulink environment
Librclry Input/Output Ports sublibrary of the Physical library
Description The Output Port block produces the baseband-equivalent time-domain

response of an input signal traveling through a series of RF physical
components. The Output Port block

Cutput
Fort i

1 Partitions the RF physical components into linear and nonlinear
subsystems.

2 Extracts the complex impulse response of the linear subsystem for
baseband-equivalent modeling of the RF linear system.

3 Extracts the nonlinear AMAM/AMPM modeling for RF nonlinearity.

The Output Port block also serves as a connecting port from an RF
physical part of the model to the Simulink, or mathematical, part of the
model. For more information about how the Output Port block converts
the physical modeling environment signals to mathematical Simulink
signals, see “Convert to and from Simulink Signals”.

Note Some RF blocks require the sample time to perform baseband
modeling calculations. To ensure the accuracy of these calculations, the
Input Port block, as well as the mathematical RF blocks, compare the
input sample time to the sample time you provide in the mask. If they
do not match, or if the input sample time is missing because the blocks
are not connected, an error message appears.

Linear Subsystem

For the linear subsystem, the Output Port block uses the Input Port
block parameters and the interpolated S-parameters calculated by each
of the cascaded physical blocks to calculate the baseband-equivalent
impulse response. Specifically, it
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Determines the modeling frequencies f as an N-element vector. The
modeling frequencies are a function of the center frequency f,, the
sample time ¢, and the finite impulse response filter length N, all of
which you specify in the Input Port block dialog box.

The nth element of f, f,, is given by

n-1
fn fmin+tsN n=17 ’N
where
1
fmin =fc _i

Calculates the passband transfer function for the frequency range as

Vi.(f)

H(f) =
" Vs(f)

where Vi and V, are the source and load voltages, and f represents
the modeling frequencies. More specifically,

So1 (1+T)(1-T)
(1899l )(1-T3,Ty)

120

H(f)=2

where
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Z,-Z

— o
Zl +ZO
Zs _Zo

T Z.+2,

T
Tin =S11 +[S12321 (1'3—117))
- Sy

l

and
® Zgis the source impedance.
® Z, is the load impedance.

* S, are the S-parameters of a two-port network.

The blockset derives the passband transfer function from the Input
Port block parameters as shown in the following figure:



Output Port

Passband Spectrum of a Modulated RF Carrier

N is the number of sub-bands

Input Port Block Parameters [TTETTEETETTT T TerreTm

Finite impulse response filter length: [N

——| |e—— af = 1/(tg*N)

Fractional bandwidth of guard bands: IF Magnitude

Modeling delay (samples):
Center frequency (Hz):
Sample time (s):

Source impedance {ohms);

—
—
—_—

50

| Frequency
min fi fmax

| Bandwidth = 1/tg

< >|

3 Translates the passband transfer function to baseband as H(f - f,),
where f, is the specified center frequency.

The baseband transfer function is shown in the following figure.
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Baseband-Equivalent Spectrum

Magnitude

T

Centered at zero

I/ Frequency

1/ 0 ] /Qts

< »
< >

1 /tS

4 Obtains the baseband-equivalent impulse response by calculating the
inverse FFT of the baseband transfer function. For faster simulation,
the block calculates the IFFT using the next power of 2 greater than
the specified finite impulse response filter length. Then, it truncates
the impulse response to a length equal to the filter length specified.

For the linear subsystem, the Output Port block uses the calculated
impulse response as input to the DSP System Toolbox Digital Filter
block to determine the output.

Nonlinear Subsystem

The nonlinear subsystem is implemented by AM/AM and AM/PM
nonlinear models, as shown in the following figure.



Output Port

_—lul AlVAM
(1) =
In

AMFM

B

The nonlinearities of AM/AM and AM/PM conversions are extracted
from the power data of an amplifier or mixer by the equations

AMout = \/RlPout

PMout =0
AMm = R

S

By
where AM, is the AM of the input voltage, AM,_ , and PM, , are the AM
and PM of the output voltage, R, is the source resistance (50 ohms), R, is
the load resistance (50 ohms), P,, is the input power, P_, is the output
power, andg is the phase shift between the input and output voltage.

Note You can provide power data via a .amp file. See “AMP File
Format” in the RF Toolbox documentation for information about this
format.

The following figure shows the original power data of an amplifier.
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J untitled/General Amplifier 0] x|
File Edit View Insert Tools Desktop Window  Help L

heds &k «aama(E| 0 | a0

a2 T T T T T T T

dEm

2 4 (i} 8 10 12 14 16 18 20
P,, [dBm]

This figure shows the extracted AM/AM nonlinear conversion.
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|

J untitled/General Amplifier 0] x|
File Edit View Insert Tools Desktop Window  Help L

heds &k «aama(E| 0 | a0

i i i
[i] 0.5 1 1.5 2 2.5 3 ah 4

2
AM of Input
Dialog Main Tab
Box
ﬂ
Output Part

Connection block from BF Blockzet phyzical blocks ko Sinmulink.

After running a simulation, warious parameters of the RF system that is delimited by an
Input Port block and this Output Port block can be visualized.

I air Yisualization I

Load impedance [ohms); ISD

Ok I Cancel | Help Apply

Load impedance (ohms)
Load impedance of the RF network described in the physical
model to which it connects.
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See Also

2-142

Visualization Tab
This tab shows parameters for creating plots if you display the Output

Port mask after you perform one or more of the following actions:

®* Run a model with two or more blocks between the Input Port block
and the Output Port block.

® (Click the Update Diagram button to initialize a model with two or
more blocks between the Input Port block and the Output Port block.

For information about plotting, see “Create Plots”.

[=]Block Parameters: Dutput Pork x|

Output Port:

Connection block from RF Blockset phyzsical blocks to Simulink.

After running a simulation, various parameters of the RF spstem that iz delimited by an
Irput Part Black and thiz Output Part black can be visualized.

Main  Yisualization I

Source of frequency data: IDerived from Input Port parameters LI

Frequency data [Hz): |1 e9:1e8:3e9

Fieference impedance [ohms): |5EI

Flat type: IComposite data j
Y parameter: m Y format: m
Y parameters: Iﬁ Y formatz: lﬁ
* parameter; Freq -  format: Hz -

Y zcale: Lirear - ¥ zcale: lm

Plat |

ak. I Cancel | Help | Apply |

Input Port
s2y (RF Toolbox)



Parallel-Plate Transmission Line

Purpose
Library

Description

—_—

Farallel-Flate

Model parallel-plate transmission line
Transmission Lines sublibrary of the Physical library

The Parallel-Plate Transmission Line block models the parallel-plate
transmission line described in the block dialog box in terms of its
frequency-dependent S-parameters. A parallel-plate transmission
line is shown in cross-section in the following figure. Its physical
characteristics include the plate width w and the plate separation d.

e Conductar
Diekctric

T (Canductar

w

The block lets you model the transmission line as a stub or as a stubless
line.

Stubless Transmission Line

If you model a parallel-plate transmission line as a stubless line,
the Parallel-Plate Transmission Line block first calculates the
ABCD-parameters at each frequency contained in the modeling
frequencies vector. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.

The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, &,
using the following equations:
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Azekd+e—kd
2
ZO*(ekd —kd)
B=
2
kd _ —kd
c=¢ *e
2% 7,
D:ekd+e—kd
2

Z, and k are vectors whose elements correspond to the elements of f, a
vector of modeling frequencies. Both can be expressed in terms of the
resistance (R), inductance (L), conductance (G), and capacitance (C)

per unit length (meters) as follows:

R+ joL
Zo= e
G+ joC

k=k, + jk = J(R+ joL)G + joC)

where
Re_ 2
chond5cond
L=y a
w
G=o0s"¥
d
c=:%
d

In these equations:

® 0,4 1s the conductivity in the conductor.

® ;1 is the permeability of the dielectric.
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® ¢1is the permittivity of the dielectric.

® ¢"is the imaginary part of ¢, ¢" = g ¢,tan §, where:
= &, 1s the permittivity of free space.
= &,1is the Relative permittivity constant parameter value.
= tan § is the Loss tangent of dielectric parameter value.

® 6,4 1s the skin depth of the conductor, which the block calculates

as 1/ \nfuc.ong -

® fis a vector of modeling frequencies determined by the Output Port
block.

Shunt and Series Stubs

If you model the transmission line as a shunt or series stub,

the Parallel-Plate Transmission Line block first calculates the
ABCD-parameters at each frequency contained in the vector of
modeling frequencies. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.

Shunt ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Shunt, the two-port network consists of a stub transmission line that
you can terminate with either a short circuit or an open circuit as
shown here.

Z,, is the input impedance of the shunt circuit. The ABCD-parameters
for the shunt stub are calculated as
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1Z;,

S awe
I

1
0
1
1

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Series, the two-port network consists of a series transmission line
that you can terminate with either a short circuit or an open circuit
as shown here.

o T o o T o
Z in Za'n

[ 0 o 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as

A

O aw
[
o N
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Dialog
Box

Main Tab
x|

Parallel-Plate Transmission Lin

’7Model a parallel-plate transmission line,

Main | \ﬁsualizaﬁonl

Plate width {m): I Se-3

Flate separation {m): I ie-3

Relative permeability constant: I 1

Relative permittivity constant: I 2.3

Loss tangent of dielectric: I 0

Conductivity of conductor (S,/m): Iinf

Transmission line length {m): IU.DI
Stub mode: INot a stub ;I
Termination of stub: IOpen LI

OK I Cancel Help | Apply |

Plate width (m)
Physical width of the parallel-plate transmission line.

Plate separation (m)
Thickness of the dielectric separating the plates.

Relative permeability constant
Relative permeability of the dielectric expressed as the ratio of the
permeability of the dielectric to permeability in free space .

Relative permittivity constant
Relative permittivity of the dielectric expressed as the ratio of the
permittivity of the dielectric to permittivity in free space ¢,.

Loss tangent of dielectric
Loss angle tangent of the dielectric.

Conductivity of conductor (S/m)
Conductivity of the conductor in siemens per meter.
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Transmission line length (m)
Physical length of the transmission line.

Stub mode
Type of stub. Choices are Not a stub, Shunt, or Series.

Termination of stub
Stub termination for stub modes Shunt and Series. Choices are
Open or Short. This parameter becomes visible only when Stub
mode is set to Shunt or Series.

Visualization Tab

E! Block Parameters: Parallel-Plate Transmission Li |

" Parallel-Plate Transmission Line

Maodel a parallel-plate transmission line.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I e9:1.0ek:3e9)

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: IS 21 ;I *r format: IAngIe [degreesz) LI
' parameters: I LI  formatz: I LI
* parameter. IFleq ;I * farmat; IH z LI
Y zcale: ILinear LI  zcale: ILinear LI

Plat

:

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

[1] Pozar, David M. Microwave Engineering, John Wiley & Sons, Inc.,
2005.
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See Also Coaxial Transmission Line, Coplanar Waveguide Transmission Line,
General Passive Network, Transmission Line, Microstrip Transmission
Line, Two-Wire Transmission Line
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Purpose

Library

Description
RLCG

RLSG
Transmission Line

Model RLCG transmission line
Transmission Lines sublibrary of the Physical library

The RLCG Transmission Line block models the RLCG transmission line
described in the block dialog box in terms of its frequency-dependent
resistance, inductance, capacitance, and conductance. The transmission
line, which can be lossy or lossless, is treated as a two-port linear
network.

Iz) R L I(z')

MW—00——

N ———o<—,<\—>

N
®
O
|

|
<
Ns

N -—--—be———»0

where 2/ = z + Az.

The block lets you model the transmission line as a stub or as a stubless
line.

Stubless Transmission Line

If you model an RLCG transmission line as a stubless line, the RLCG
Transmission Line block first calculates the ABCD-parameters at each
frequency contained in the modeling frequencies vector. It then uses
the abcd2s function to convert the ABCD-parameters to S-parameters.

The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, k,
using the following equations:
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Azekd+e—kd
2
ZO*(ekd —kd)
B=
2
kd _ —kd
c=¢ *e
2% 7,
D:ekd+e—kd
2

Z, and k are vectors whose elements correspond to the elements of f, a
vector of modeling frequencies. Both can be expressed in terms of the
resistance (R), inductance (L), conductance (G), and capacitance (C)
per unit length (meters) as follows:

R+ joL
Zo= e
G+ joC

k=k, + jk = J(R+ joL)G + joC)

Shunt and Series Stubs

If you model the transmission line as a shunt or series stub, the RLCG
Transmission Line block first calculates the ABCD-parameters at each
frequency contained in the vector of modeling frequencies. It then uses
the abcd2s function to convert the ABCD-parameters to S-parameters.

Shunt ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Shunt, the two-port network consists of a stub transmission line that
you can terminate with either a short circuit or an open circuit as
shown here.
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Z,, is the input impedance of the shunt circuit. The ABCD-parameters
for the shunt stub are calculated as

A=1
B=0
c=1/7,
D=1

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Series, the two-port network consists of a series transmission line
that you can terminate with either a short circuit or an open circuit
as shown here.

L L

[ 0 [ 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as
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A=1
B=2;,
C=0
D=1
Dialog Main Tab

Box
E! Block Parameters: RLCG Transmission Line x|

’rH LCG Transmigsion Lin

Model an RLCG transmission line.

I Vigualization |

Resistance per length [ohms/m): IEI

Inductance per length [H/m): IEI

Capacitahce per length [FAm]: ID

Conductance per length [S/m): ID

Frequency [Hz): |1 ed
Interpolation method: I Linear LI
Transmigzion line length [m): IEI.D1
Stub mode: I Mot a stub LI
Termination of stub: I Open LI

0k I Cancel | Help | Apply |

Resistance per length (ohms/m)
Vector of resistance values in ohms per meter.

Inductance per length (H/m)
Vector of inductance values in henries per meter.

Capacitance per length (F/m)
Vector of capacitance values in farads per meter.

Conductance per length (S/m)
Vector of conductance values in siemens per meter.

Frequency (Hz)
Vector of frequency values at which the resistance, inductance,
capacitance, and conductance values are known.
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Interpolation method
Specify the interpolation method the block uses to calculate the
parameter values at the modeling frequencies. Your choices are
Linear, Spline, or Cubic.

Transmission line length (m)
Physical length of the transmission line.

Stub mode
Type of stub. Your choices are Not a stub, Shunt, or Series.

Termination of stub
Stub termination for stub modes Shunt and Series. Choices are
Open or Short. This parameter becomes visible only when Stub
mode is set to Shunt or Series.

Visualization Tab

[Z]Block Parameters: RLCG Transmission Line |

" RLEG Transmission Line

Maodel an RLEG transmizsion line.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I e9:1.0ek:3e9)

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: IS 21 ;I *r format: IAngIe [degreesz) LI
' parameters: I LI  formatz: I LI
* parameter. IFleq ;I * farmat; IH z LI
Y zcale: ILinear LI  zcale: ILinear LI

Plat

:

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.
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References [1] Pozar, David M. Microwave Engineering, John Wiley & Sons, Inc.,
2005.
See Also Coaxial Transmission Line, Coplanar Waveguide Transmission

Line, General Passive Network, Parallel-Plate Transmission Line,
Transmission Line, Microstrip Transmission Line, Two-Wire
Transmission Line
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Purpose

Library

Description
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S-Paamaies
Amplifier

(]

Model nonlinear amplifier using S-parameters
Amplifiers sublibrary of the Physical library

The S-Parameters Amplifier block models the nonlinear amplifier
described in the block dialog box, in terms of its frequency-dependent
S-parameters, the frequencies and reference impedance of the
S-parameters, noise data, and nonlinearity data.

Network Parameters

In the S-parameters field of the block dialog box, provide the
S-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the S-parameters as an
M-element vector. The elements of the frequencies vector must be in
the same order as the S-parameters. All frequencies must be positive.
For example, the following figure shows the correspondence between
the S-parameters array and the vector of frequencies.

S-panamefers . - —
mmv\\ ..-‘F‘ A8 "g]g
{8

S11 | S0 22

IR, s

Pl L]

Sop | Sog et
s fa_ Frequendes
f

The S-Parameters Amplifier block interpolates the given S-parameters
to determine their values at the modeling frequencies. See “SimRF
Equivalent Baseband Algorithms” for more details.

Nonlinearity

You can introduce nonlinearities into your model by specifying
parameters in the Nonlinearity Data tab of the S-Parameters
Amplifier block dialog box. Depending on which of these parameters
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you specify, the block computes up to four of the coefficients ¢y, c3, c5,

and c; of the polynomial

Fanrianm(s)=cis+cg |s|2 s+c |s|4 s+cq |s|6 s
that determines the AM/AM conversion for the input signal s. The

block automatically calculates c;, the linear gain term. If you do not
specify additional nonlinearity data, the block operates as a linear
amplifier. If you do, the block calculates one or more of the remaining
coefficients as the solution to a system of linear equations, determined
by the following method.

1 The block checks whether you have specified a value other than Inf
for:

¢ The third-order intercept point (OIP3 or IIP3).
® The output power at the 1-dB compression point (PldB,out ).

* The output power at saturation (Pyys oy )-

In addition, if you have specified P, the block uses the value for

at,out ’
the gain compression at saturation (GC,,, ). Otherwise, GC,,; is not
used. You define each of these parameters in the block dialog box,
on the Nonlinearity Data tab.

2 The block calculates a corresponding input or output value for the
parameters you have specified. In units of dB and dBm,

P

S

at,out + GCsat =P,

sat,in + Glin

PraBout +1= P in + Glin
OIP3 = IIP3+ Gy,

where Gy;, is ¢; in units of dB.
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3 The block formulates the coefficients c3, c5, and c;, where
applicable, as the solutions to a system of one, two, or three linear
equations. The number of equations used is equal to the number
of parameters you provide. For example, if you specify all three
parameters, the block formulates the coefficients according to the
following equations:

\/Psat,out =0 \/Psat,in +cs (\/ Psat,in )3 +¢5 (\/ Psat,in )5 % (\lPsat,in )7
JPuaB out = 1[Piapin + 3 (JPrag.in )3 + 5 (\Prap,in )5 +c7(Pra,in )7

0= C—1+C3
1IP3

The first two equations are the evaluation of the polynomial

Faprsan(s) at the points (\/Psat’in,\/Psat’out) and

(\/PldB,in7\/P1dB,out)’ expressed in linear units (such as W
or mW) and normalized to a 1-Q impedance. The third equation is
the definition of the third-order intercept point.

The calculation omits higher-order terms according to the available
degrees of freedom of the system. If you specify only two of the
three parameters, the block does not use the equation involving the

parameter you did not specify, and eliminates any c; terms from
the remaining equations. Similarly, if you provide only one of the
parameters, the block uses only the solution to the equation involving

that parameter and omits any c5 or c¢; terms.

If you provide vectors of nonlinearity and frequency data, the block
calculates the polynomial coefficients using values for the parameters
interpolated at the center frequency.

Active Noise

You can specify active block noise in one of the following ways:
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® Spot noise data in the S-Parameters Amplifier block dialog box.
® Noise figure, noise factor, or noise temperature value in the

S-Parameters Amplifier block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

.
Dialog Main Tab
Box
x|

— 5-Parameters Amplifier

Monlinear amplifier dezcribed by frequency-dependent 5-Parameters, noige data, and
nonlinearnity data.

Uze the Main tab to specify a 242wk array of S-Parameters, an M-element vectar of the
coresponding frequency values and a scalar or M-element vector of the corezponding
reference impedance values.

Uge the Moize Data tab to specify amplifier noise information.

Use the Maonlinearity Data tab to specify amplifier nonlinearity information.

[ ata interpolation is used during simulation.

b airy | Moize Data I Monlinearity Data I Wizualization

S-Parameters: I[D,D;1 |
Frequency [Hz): |2.DeE|

Reference impedance [ohms): IED

Interpolation method: |Linear LI

] I Cancel Help Apply
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S-Parameters
S-parameters for a nonlinear amplifier in a 2-by-2-by-M array. M
1s the number of S-parameters.

Frequency (Hz)
Frequencies of the S-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
S-parameters in S-Parameters. All frequencies must be positive.

Reference impedance (ohms)
Reference impedance of the S-parameters as a scalar or a vector
of length M. The value of this parameter can be real or complex.
If you provide a scalar value, then that value is applied to all
frequencies.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation
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Noise Data Tab

E! Block Parameters: S-Parameters Amplifier x|

—S-Parameters Amplifier

RF amplifier described by frequency-dependent S-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify & 2x2xM array of S-Parameters, an M-element vector of the
corresponding frequency values and a scalar or M-glement vector of the corresponding
reference impedance values,

Use the MNoise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the Moise Data tab accepts 3 separate MN-slement vector of the corresponding
frequency values.

Use the Monlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate M-glement vector of
the corresponding frequency values.

Data interpalation is used during simulation.

Main Moise Data Nonlinearity Data I Visualization I

Moise type: Il‘-loise figure LI

Moise figure (dB): IIII

Minimum noise figure {dB): IIII

Optimal reflection coefficent: I 1400

Equivalent normalized noise resistance: I 1

Moise factor: I 1

Moise temperature (K): IIJ

Freguency (Hz): I 2.0e9

OK I Cancel Help Apply

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio or vector of ratios, in decibels, of the available
signal-to-noise power ratio at the input to the available
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signal-to-noise power ratio at the output, (S;/N)/(S,/N ). This
parameter is enabled if Noise type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio or vector of minimum ratios of the
available signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N,). This
parameter is enabled if Noise type is set to Spot noise data.

Optimal reflection coefficient
Optimal amplifier source impedance. This parameter is enabled
if Noise type is set to Spot noise data. The value can be a
scalar or vector.

Equivalent normalized resistance
Resistance or vector of resistances normalized to the resistance
value or values used to take the noise measurement. This
parameter is enabled if Noise type is set to Spot noise data.

Noise factor
Scalar ratio or vector of ratios of the available signal-to-noise
power ratio at the input to the available signal-to-noise power
ratio at the output, (S,/N,)/(S,/N,). This parameter is enabled if
Noise type is set to Noise factor.

Noise temperature (K)
Equivalent temperature or vector of temperatures that produce
the same amount of noise power as the amplifier. This parameter
is enabled if Noise type is set to Noise temperature.

Frequency (Hz)
Scalar value or vector corresponding to the domain of frequencies
over which you are specifying the noise data. If you provide a
scalar value for your noise data, the block ignores the Frequency
(Hz) parameter and uses the noise data for all frequencies. If
you provide a vector of values for your noise data, it must be
the same size as the vector of frequencies. The block uses the
Interpolation method specified in the Main tab to interpolate
noise data.
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Nonlinearity Data Tab

] Block Parameters: 5-Parameters Amplifier |

— S-Parameters Amplifier

RF amplifier described by frequency-dependent S-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify & 2x2xM array of 5-Parameters, an M-element vector of the
corresponding frequency values and a scalar or M-glement vector of the corresponding
reference impedance values,

Use the Moise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the Moise Data tab accepts 3 separate M-element vector of the corresponding
freguency values.

Use the Monlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of
the corresponding frequency values.

Data interpalation is used during simulation.

Main | NoseData  Monlinesrity Data I visualization |

IP3 type: Jore3 x|

1P3 {dEm): |inf

1dB gain compression power (dBm): Iinf

Qutput saturation power {dBm): Iinf

Gain compression at saturation (dB): I 3

Frequency (Hz): I 2,022

QK I Cancel Help Apply

IP3 type

Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.
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IP3 (dBm)

Value of third-order intercept point. This parameter is disabled if
the data source contains power data or IP3 data. Use the default
value, Inf, if you do not know the IP3 value. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

1 dB gain compression power (dBm)

Output power value (P 4p o, ) at which gain has decreased by 1
dB. This parameter is disabled if the data source contains power
data or 1-dB compression point data. Use the default value, Inf, if
you do not know the 1-dB compression point. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

Output saturation power (dBm)

Output power value ( Py, o) that the amplifier produces when
fully saturated. This parameter is disabled if the data source
contains output saturation power data. Use the default value,
Inf, if you do not know the saturation power. If you specify
this parameter, you must also specify the Gain compression
at saturation (dB). This parameter can be a scalar (to specify
frequency-independent nonlinearity data) or a vector (to specify
frequency-dependent nonlinearity data).

Gain compression at saturation (dB)

Decrease in gain (GC,,; ) when the power is fully saturated. The
block ignores this parameter if you do not specify the Output
saturation power (dBm). This parameter can be a scalar (to
specify frequency-independent nonlinearity data) or a vector (to

specify frequency-dependent nonlinearity data).

Frequency (Hz)

Scalar or vector value of frequency points corresponding to the
third-order intercept and power data. This parameter is disabled
if the data source contains power data or IP3 data. If you use a
scalar value, the IP3 (dBm), 1 dB gain compression power



S-Parameters Amplifier

(dBm), and Output saturation power (dBm) parameters must
all be scalars. If you use a vector value, one or more of the IP3
(dBm), 1 dB gain compression power (dBm), and Output
saturation power (dBm) parameters must also be a vector.

Visualization Tab

"] Block Parameters: 5-Parameters Amplifier |

— 5-Parameters Amplifier

RF amplifier described by frequency-dependent S-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of S-Parameters, an M-element vector of the
caorresponding frequency values and a scalar or M-element vector of the corresponding
reference impedance values,

Use the MNoise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the Moise Data tab accepts a separate MN-element vector of the corresponding
frequency values.

Usge the Nonlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Monlinearity Data tab accepts a separate N-element vector of

the corresponding frequency values.

Data interpolation is used during simulation.

Main Moise Data I Monlinearity Data Visualization

Source of frequency data: ISame as the S-Parameters LI

Frequency data (Hz): |[1.9e9: 1.0e8:2.2e9]

Reference impedance {(ohms): I 50

Plot type: I}(-’T’ plane LI
Y parameter 1: 511 - ' format 1; IW
Y parameter2: Iﬁ ' format2: Iﬁ
X parameter: m ¥ format: Hz -
¥ scale: lm ¥ scale: Im

Plot |
Ok I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

2-165



S-Parameters Amplifier

Examples Plotting Parameters with the S-Parameters Amplifier Block

The following example specifies S-parameters [-.33+.711, -.031; 8.12-.021,
-.37-.371] and [0.16+.201, -.03-.041; 7.71-8.041, -.70-.121] at frequencies
2.0 GHz and 2.1 GHz respectively, with a reference impedance of 50
ohms. The example uses the MATLAB cat function to create the
2-by-2-by-2 S-parameters array.

cat(3,[-.33+0.711, -.03i; 8.12-.02i, -.37-.37i],...
[ .16+0.20i, -.03-.04i; 7.71-8.04i, -.70-.12i])

1 Type the following command at the MATLAB prompt to create a
variable called sparams that stores the values of the S-parameters.

sparams = cat(3,...
[-.33+0.71i, -.03i; 8.12-.02i, -.37-.37i],...
[ .16+0.20i, -.03-.04i; 7.71-8.04i, -.70-.12i])

2 Set the S-Parameters Amplifier block parameters on the Main tab
as follows:

e Set the S-Parameters parameter to sparams.

¢ Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.
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[Z1Block Parameters: 5-Parameters Amplifier

— 5-Parameters Amplifier

Monlinear amplifier dezcribed by frequency-dependent 5-Parameters, noige data, and
nonlinearnity data.

reference impedance values.
Uge the Moize Data tab to specify amplifier noise information.
Use the Maonlinearity Data tab to specify amplifier nonlinearity information.

[ ata interpolation is used during simulation.

Uze the Main tab to specify a 242wk array of S-Parameters, an M-element vectar of the
coresponding frequency values and a scalar or M-element vector of the corezponding

b airy | Moize Data I Monlinearity Data I Wizualization

5-Parameters: Ispalams

Frequency [Hz): |[2.089,2. 1e9]

Reference impedance [ohms): IED

Interpolation method: |Linear

Help.

Ok I Cancel

Apply |

3 Set the S-Parameters Amplifier block parameters on the

Visualization tab as follows:
¢ In the Plot type list, select X-Y plane.
¢ In the Y parameterl list, select S11.
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[Z1Block Parameters: 5-Parameters Amplifier x|

— 5-Parameters Amplifier

Monlinear amplifier dezcribed by frequency-dependent 5-Parameters, noige data, and
nonlinearnity data.

Uze the Main tab to specify a 242wk array of S-Parameters, an M-element vectar of the
coresponding frequency values and a scalar or M-element vector of the corezponding
reference impedance values.

Uge the Moize Data tab to specify amplifier noise information.

Use the Maonlinearity Data tab to specify amplifier nonlinearity information.

[ ata interpolation is used during simulation.

tain Moise Data I Monlinearity Data ~ Visualization |

Source of frequency data: ISame a3 the s-parameters frequency LI
Frequency data [Hz): |[1 .9e9:1.0e8:2.2e9]

Reference impedance [ohms): IED

Flot type: |><-Y plane LI
' parameter]: 511 - Y formatl: lm
‘' parameter2: lﬁ ' farmat2: lﬁ
¥ patameter: m * format: Hz -
Y scale: Linear hd # soale: Im

Plat |

] I Cancel | Help | Apply |

Click Plot. This action creates an X-Y Plane plot of the S,
parameters using the frequencies taken from the Frequency (Hz)
parameter on the Main tab.
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-} untitled/s-Parameters Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= &0

Magnitude (decibels)

1.9 1.95 2 2.05 2.1 215 2.2 2.25
Freq [GHz]
See Also General Amplifier, Output Port, Y-Parameters Amplifier, Z-Parameters

Amplifier
interp1 (MATLAB)
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Purpose

Library

Description
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5

Model mixer and local oscillator using S-parameters
Mixer sublibrary of the Physical library

The S-Parameters Mixer block models the nonlinear mixer described in
the block dialog box, in terms of its frequency-dependent S-parameters,
the frequencies and reference impedance of the S-parameters, noise
data (including phase noise data), and nonlinearity data.

Network Parameters

The S,, parameter values describe the conversion gain as a function
of frequency, referred to the mixer input frequency. The other
S-parameters also refer to the mixer input frequency.

The S-Parameters Mixer block interpolates the given S-parameters to
determine their values at the modeling frequencies the Output Port
block calculates. For more details about how the Output Port block
calculates the modeling frequencies, see “SimRF Equivalent Baseband
Algorithms”.

SimRF Equivalent Baseband software computes the reflected wave at

the mixer input (b;) and at the mixer output (by) from the interpolated
S-parameters as

|:b1(fin):|:|:sll SIZ:H:al(fin)]
bo(four)| [S21 Sag || @o(four)
where

U fin and fOut are the mixer input and output frequencies, respectively.

® a; and ay are the incident waves at the mixer input and output,
respectively.

The interpolated S,; parameter values describe the conversion gain as a
function of frequency, referred to the mixer input frequency.
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Active Noise

You can specify active block noise in one of the following ways:

® Spot noise data in the S-Parameters Mixer block dialog box.

® Noise figure, noise factor, or noise temperature value in the
S-Parameters Mixer block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Phase Noise

The S-Parameters Mixer block applies phase noise to a complex

baseband signal. The block first generates additive white Gaussian
noise (AWGN) and filters the noise with a digital FIR filter. It then
adds the resulting noise to the angle component of the input signal.

The blockset computes the digital filter by:

1 Interpolating the specified phase noise level to determine the phase
noise values at the modeling frequencies.

2 Taking the IFFT of the resulting phase noise spectrum to get the
coefficients of the FIR filter.

Note If you specify phase noise as a scalar value, the blockset assumes
that the phase noise is the phase noise is constant at all modeling
frequencies and does not have a 1/f slope. This assumption differs from
that made by the Mathematical Mixer block.

Nonlinearity

You can introduce nonlinearities into your model by specifying
parameters in the Nonlinearity Data tab of the S-parameters Mixer
block dialog box. Depending on which of these parameters you specify,
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the block computes up to four of the coefficients ¢;, c3, c5, and c; of
the polynomial

2 4 6
Fayriam(s) =cis+cgls|”s+esls| s+eqls| s
that determines the AM/AM conversion for the input signal s. The

block automatically calculates ¢;, the linear gain term. If you do not
specify additional nonlinearity data, the block operates as a mixer
with a linear gain. If you do, the block calculates one or more of the
remaining coefficients as the solution to a system of linear equations,
determined by the following method.

1 The block checks whether you have specified a value other than Inf

for:

® The third-order intercept point (OIP3 or IIP3).
® The output power at the 1-dB compression point (Py4p oy )-

® The output power at saturation ( Py oyt )-
In addition, if you have specified Py ,,;, the block uses the value for

the gain compression at saturation (GCy,; ). Otherwise, GCy,; is not
used. You define each of these parameters in the block dialog box,
on the Nonlinearity Data tab.

2 The block calculates a corresponding input or output value for the
parameters you have specified. In units of dB and dBm,

Psat,out +GCyy = Psat,in +Gyy,

PiaB.out *1=PigB in + Giin
OIP3 = IIP3 + Gy,

where Gy, is ¢; in units of dB.
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3 The block formulates the coefficients c3, c5, and c;, where
applicable, as the solutions to a system of one, two, or three linear
equations. The number of equations used is equal to the number
of parameters you provide. For example, if you specify all three
parameters, the block formulates the coefficients according to the
following equations:

\/Psat,out =0 \/Psat,in +cs (\/Psat,in )3 +¢5 (\/ Psat,in )5 % (\lPsat,in )7
JPuaB out = 1P in + 3 (JPras.in )3 + 5 (\Prap,in )5 +c7(Pra,in )7

0= C—1+C3
1IP3

The first two equations are the evaluation of the polynomial

Faprsan(s) at the points (\/Psat’in,\/Psat’out) and

(\/PldB,in7\/P1dB,out)’ expressed in linear units (such as W
or mW) and normalized to a 1-Q impedance. The third equation is
the definition of the third-order intercept point.

The calculation omits higher-order terms according to the available
degrees of freedom of the system. If you specify only two of the
three parameters, the block does not use the equation involving the

parameter you did not specify, and eliminates any c; terms from
the remaining equations. Similarly, if you provide only one of the
parameters, the block uses only the solution to the equation involving

that parameter and omits any c5 or c¢; terms.
If you provide vectors of nonlinearity and frequency data, the block

calculates the polynomial coefficients using values for the parameters
interpolated at the center frequency.
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Dialog
Box

2-174

Main Tab
]

— S-Parameters Mixer

Monlinear mizer described by frequency-dependent 5-Parameters. noise data, and
nonlinearity data.

Usge the kain tab to zpecify a 2x2«b aray of S5-Parameters, an M-element vector of the
corresponding frequency walues and a scalar or M-glement vector of the comesponding
reference impedance values.

Use the Moize Data tab to specify miker noise information.

Use the Manlinearity Data tab to specify mizer nonlinearity infarmation.

D ata interpolation is used during simulation.

Main | Moize D ata I Monlinearity Data I Yizualization

S-Parameters: I[U,U;1,D]

Frequency [Hz]: |2.Deg

Reference impedance [ohms]: |5D

Interpolation method: ILinear j
Mixer tppe: IDownconverter j
LO frequency [Hz]: ID.SeS

ok I Cancel Help Apply

S-Parameters
S-parameters for a nonlinear mixer in a 2-by-2-by-M array. M is
the number of S-parameters.

Frequency (Hz)
Frequencies of the S-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
S-parameters in S-Parameters. All frequencies must be positive.
The following figure shows the correspondence between the
S-parameters array and the vector of frequencies.
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S-pamameters . _ —
array L - T A
- 12
e -
PR
S11 | S =2
I,
!"" - L]
Sa1 | Sog i _—
JE— | = 1 A
fo

f1

Reference impedance (ohms)
Reference impedance of the S-parameters as a scalar or a vector
of length M. The value of this parameter can be real or complex.
If you provide a scalar value, then that value is applied to all
frequencies.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description
Linear (default) Linear interpolation
Spline Cubic spline interpolation
Cubic Piecewise cubic Hermite
interpolation
Mixer Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

LO frequency (Hz)
Local oscillator frequency. If you choose Downconverter, the
blockset computes the mixer output frequency, f, ., from the mixer
input frequency, f;,, and the local oscillator frequency, f,, as

fous = fin — f,- If you choose Upconverter, f, . =f. +f,.
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Note For a downconverting mixer, the local oscillator frequency
must satisfy the condition f,, — f,, > 1/(2¢,), where ¢_is the sample
time specified in the Input Port block. Otherwise, an error
appears.

Noise Data Tab

"] Block Parameters: 5-Parameters Mixer |

—S-Parameters Mixer

RF mixer described by frequency-dependent 5-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify & 2x2xM array of S-Parameters, an M-glement vector of the
caorresponding frequency values and a scalar or M-element vector of the corresponding
reference impedance values,

Use the MNoise Data tab to specify mixer noise information, For a frequency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding frequency
values,

Use the MNonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main Moise Data Monlinearity Data I Visualization I

Phase noise frequency offeet (Hz): I [0.1110100]%1e3
Phase noise level (dBc/Hz): I[-?IZI -120 -140 -150]
Moise type: Il‘-loise figure LI
Moise figure (dB): IIII
Minimum noise figure (dB): IIII
Optimal reflection coefficient: I 1400
Equivalent normalized noise resistance: I i
Moise factor: I 1
Moise temperature (K): IIII
Frequency (Hz): I 2.0e9

QK I Cancel Help Apply
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Phase noise frequency offset (Hz)
Vector specifying the frequency offset.

Phase noise level (dBc/Hz)
Vector specifying the phase noise level.

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio or vector of ratios, in decibels, of the available
signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N,). This
parameter is enabled if Noise type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio or vector of minimum ratios of the
available signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N,). This
parameter is enabled if Noise type is set to Spot noise data.

Optimal reflection coefficient
Optimal mixer source impedance. This parameter is enabled if
Noise type is set to Spot noise data. The value can be a scalar
or vector.

Equivalent normalized resistance
Resistance or vector of resistances normalized to the resistance
value or values used to take the noise measurement. This
parameter is enabled if Noise type is set to Spot noise data.

Noise factor
Scalar ratio or vector of ratios of the available signal-to-noise
power ratio at the input to the available signal-to-noise power
ratio at the output, (S,/N)/(S,/N,). This parameter is enabled if
Noise type is set to Noise factor.
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Noise temperature (K)
Equivalent temperature or vector of temperatures that produce
the same amount of noise power as the mixer. This parameter is
enabled if Noise type is set to Noise temperature.

Frequency (Hz)
Scalar value or vector corresponding to the domain of frequencies
over which you are specifying the noise data. If you provide a
scalar value for your noise data, the block ignores the Frequency
(Hz) parameter and uses the noise data for all frequencies. If
you provide a vector of values for your noise data, it must be
the same size as the vector of frequencies. The block uses the
Interpolation method specified in the Main tab to interpolate
noise data.
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Nonlinearity Data Tab

"] Block Parameters: 5-Parameters Mixer |

—S-Parameters Mixer

RF mixer described by frequency-dependent 5-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify & 2x2xM array of S-Parameters, an M-glement vector of the
caorresponding frequency values and a scalar or M-element vector of the corresponding
reference impedance values,

Use the MNoise Data tab to specify mixer noise information, For a frequency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding frequency
values,

Use the MNonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main | NoiseDats  Monlinearity Data I visualization |

1P3 type: jorr3 =l

1P3 (dBm): |inf

1dB gain compression power {dBm): Iimc

Qutput saturation power {dBm): Iinf

Gain compression at saturation (dB): I 3

Frequency (Hz): I 2.0e9

QK I Cancel Help Apply

IP3 type

Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.
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2-180

IP3 (dBm)

Value of third-order intercept point. This parameter is disabled if
the data source contains power data or IP3 data. Use the default
value, Inf, if you do not know the IP3 value. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

1 dB gain compression power (dBm)

Output power value (P 4p o, ) at which gain has decreased by 1
dB. This parameter is disabled if the data source contains power
data or 1-dB compression point data. Use the default value, Inf, if
you do not know the 1-dB compression point. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

Output saturation power (dBm)

Output power value (Pyy oy ) that the mixer produces when fully
saturated. This parameter is disabled if the data source contains
output saturation power data. Use the default value, Inf, if you do
not know the saturation power. If you specify this parameter, you
must also specify the Gain compression at saturation (dB).
This parameter can be a scalar (to specify frequency-independent
nonlinearity data) or a vector (to specify frequency-dependent
nonlinearity data).

Gain compression at saturation (dB)

Decrease in gain (GC,,; ) when the power is fully saturated. The
block ignores this parameter if you do not specify the Output
saturation power (dBm). This parameter can be a scalar (to
specify frequency-independent nonlinearity data) or a vector (to
specify frequency-dependent nonlinearity data).

Frequency (Hz)

Scalar or vector value of frequency points corresponding to the
third-order intercept and power data. This parameter is disabled
if the data source contains power data or IP3 data. If you use a
scalar value, the IP3 (dBm), 1 dB gain compression power
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(dBm), and Output saturation power (dBm) parameters must
all be scalars. If you use a vector value, one or more of the IP3
(dBm), 1 dB gain compression power (dBm), and Output
saturation power (dBm) parameters must also be a vector.

Visualization Tab

"] Block Parameters: 5-Parameters Mixer |

—S-Parameters Mixer

RF mixer described by frequency-dependent 5-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify & 2x2xM array of S-Parameters, an M-glement vector of the
caorresponding frequency values and a scalar or M-element vector of the corresponding
reference impedance values,

Use the MNoise Data tab to specify mixer noise information, For a frequency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding frequency
values,

Use the MNonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main MNoise Data I Monlinearity Data visualization

Source of frequency data: ISame as the S-Parameters LI

Frequency data (Hz): I [125:128:2.929]

Reference impedance {ohms): I 50

Plot type: I& - plane LI
Y parameter 1: 511 hd ' format1: IW
Y parameter2: Iﬁ Y format2: Iﬁ
X parameter: m ¥ format: Hz -

¥ scale: m % scale: Im

Plot |
QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

2-181



S-Parameters Mixer

See Also General Mixer, Output Port, Y-Parameters Mixer, Z-Parameters Mixer
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Purpose
Library

Description

Model passive network using S-parameters
Black Box Elements sublibrary of the Physical library

The S-Parameters Passive Network block models the two-port passive
network described in the block dialog box, in terms of its S-parameters
and the frequencies and reference impedance of the S-parameters.

In the S-Parameters field of the block dialog box, provide the
S-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the S-parameters as an
M-element vector. The elements of the vector must be in the same order
as the S-parameters. All frequencies must be positive. For example, the
following figure shows the correspondence between the S-parameters
array and the vector of frequencies.

S-pammeters . _ —
T e S ]
- 12
PR
S11 | 512 22
-7 e
,a-"-'.. -
So1 | Ses .
fa_ Fequendes
fa
f

The S-Parameters Passive Network block interpolates the given
S-parameters to determine their values at the modeling frequencies.
The modeling frequencies are determined by the Output Port block. See
“SimRF Equivalent Baseband Algorithms” for more details.
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Dialog
Box

2-184

.
Main Tab
E! Block Parameters: S-Parameters Passive Netwo ll

S-Parameters Passive Network,

Two-port pazsive network described by the frequency-dependent 5-Parameters [2x2xk
array], the Frequency [vector of length M). and the Reference impedance (scalar or
vector of length k] M iz the number of frequencies.

D ata interpolation iz used during simulation.

Main | Wisualization I

S-Parameters: I[D,D;1 0]
Frequency [Hz]: |2.DeS

Reference impedance [ohms]: IED

Interpolation methad: ILinear LI

] I Cancel Help Aoply

S-Parameters
S-parameters for a two-port passive network in a 2-by-2-by-M

array. M is the number of S-parameters.

Frequency (Hz)
Frequencies of the S-parameters as an M-element vector. The

order of the frequencies must correspond to the order of the
S-parameters in S-Parameters. All frequencies must be positive.

Reference impedance (ohms)
Reference impedance of the network as a scalar or a vector of

length M. The value of this parameter can be real or complex.
If you provide a scalar value, then that value is applied to all

frequencies.
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Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation

Visualization Tab

=] Block Parameters: 5-Parameters Passive Network x|

S-Parameters Passive Metwork:

Two-port passive network described by the frequency-dependent 5-Parameters (2x2xM
array), the Frequency (vector of length M}, and the Reference impedance {scalar or vector
of length M), Mis the number of frequencies.

Data interpolation is used during simulation.

Main Visualization |

Source of frequency data: ISame as the S-Parameters ;I

Frequency data (Hz): |[1.9e9: 1.0e6:2.2e9]

Reference impedance {ohms): I 50

Plot type: I& - plane LI
Y parameter 1: 511 - ' format 1 IW
Y parameter2: Iﬁ Y format2: Iﬁ
¥ parameter: m ¥ format: Hz b

¥ scale: Im ¥ scale: Im

Plot |
QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.
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Examples Plotting Parameters with the S-Parameters Passive Network
Block

The following example specifies S-parameters [-.96-.231, .03-.121;
.03-.121, -.96-.23i] and [-.96-.11i, .02-.21i; .02-.21i, -.96-.11i] at
frequencies 2.0 GHz and 2.1 GHz respectively. The example then plots
these parameters.

The example first uses the MATLAB cat function to create the
2-by-2-by-2 S-parameters array.

cat(3,[-.96-.23i, .03-.12i; .03-.12i, -.96-.23i],...
[-.96-.11i, .02-.21i; .02-.21i, -.96-.11i])

You could also use the MATLAB reshape function. The following
command produces the same result as previous command.

reshape([-.96-.23i;.03-.12i;.03-.12i;-.96-.231;...
-.96-.11i;.02-.211;.02-.21i;-.96-.11i1,2,2,2)

1 Type the following command at the MATLAB prompt to create a
variable called sparams that stores the values of the S-parameters.

sparams = cat(3,...
[-.96-.23i, .03-.12i; .03-.12i, -.96-.23i],...
[-.96-.11i, .02-.21i; .02-.21i, -.96-.111i])

2 Set the S-Parameters Passive Network block parameters on the
Main tab as follows:

¢ Set the S-Parameters parameter to sparams.

¢ Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.
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[C1Block Parameters: 5-Parameters Passive Networle x|

S-Parameters Pazsive Mebwork,

Two-port pazzive network described by the frequency-dependent S-Parameters [2x2xbd
array). the Frequency [vector of length M), and the Reference impedance [scalar or
vector of length M), M is the number of frequencies.

D ata interpolation is used during simulation.

Main | Visualizationl

5-Parameters: Ispalams
Frequency [Hz): I[2_DeS,2_ 1e9]

Reference impedance [ohms]: IED

Interpolation method: ILinear LI

oK I Cancel | Help I Apply |

3 Set the S-Parameters Passive Network block parameters on the
Visualization tab as follows:

¢ In the Source of frequency data list, select User-specified.

® Set the Frequency data (Hz) parameter to
[1.9€9:1.0e8:2.2e9].

¢ In the Y parameterl list, select S21.
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[C1Block Parameters: 5-Parameters Passive Networle x|

S-Parameters Pazsive Mebwork,

Two-port pazzive network described by the frequency-dependent S-Parameters [2x2xbd
array). the Frequency [vector of length M), and the Reference impedance [scalar or
vector of length M), M is the number of frequencies.

D ata interpolation is used during simulation.

Main  “izualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 9e9:1.0e8:2.2e9]

Reference impedance [ohms]: IED

Flot type: |><-Y plane LI
‘' parameterl: S - 't farmatl: W
¥ parameters: lﬁ Y format2: lﬁ
¥ parameter: Im * format: Hz -
' seale: Linear hd # soale lm

Plat |

] I Cancel | Help | Aoply |

Click Plot. This action creates an X-Y Plane plot of the magnitude of
the S,, parameters, in decibels, in the frequency range 1.9 to 2.2 GHz.
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<) untitled/S-Parameters Passive Network - |EI|1|
File Edit Wiew Insert Tools Desktop Window Help N

Ded& h|RaM®|(E| 0B 5O

0= &0

Magnitude (decibels)

1.9 1.95 2 2.05 2.1 215 2.2 2.25
Freq [GHz]
See Also General Circuit Element, General Passive Network, Output Port,

Y-Parameters Passive Network, Z-Parameters Passive Network

interp1 (MATLAB)
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Purpose Model series capacitor
Library Ladders Filters sublibrary of the Physical library
Description The Series C block models the series capacitor described in the block
dialog box, in terms of its frequency-dependent S-parameters.
_| '_
® ® The series C object is a two-port network, as shown in the following
circuit diagram.
C
||
I
Dialog Main Tab
Box
x

Series C
’7.& sefies capacitive [C] element.

Main | Visualizationl

Capacitance [F: I‘I e12

ak. I Cancel Help Apply
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See Also

Capacitance (F)
Scalar value for the capacitance. The value must be nonnegative.

Visualization Tab

[T]Block Parameters: Series € |

Series C
’7.& series capacitive [C] element.

Main  Wisualization |
Source of frequency data:
Frequency data [Hz):

Reference impedance [ohms]:ISD

Flot type:

Y parameter]:

' parameters:

* parameter.

Y soale:

IU ser-specifiied LI
J[1:1.0e5:4e6]

IX-Y plane ;I
521 | Y formatl: |Magnitude [decibels] =
Iﬁ ' formatz: lﬁ
Freq | xformat  |Hz -
lm  zcale: lm

Plat |

ak I Cancel |

Help | Apply |

For information about plotting, see “Create Plots”.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, L.C
Lowpass Pi, LC Lowpass Tee, Series L, Series R, Series RLC, Shunt

C, Shunt L, Shunt R, Shunt RLC
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Purpose Model series inductor
Library Ladders Filters sublibrary of the Physical library
Description The Series L block models the series inductor described in the block
dialog box, in terms of its frequency-dependent S-parameters.
_rw_
# ® The series L object is a two-port network, as shown in the following
circuit diagram.
L
Y Y'Y
Dialog Main Tab
Box
x

Series L
’7.& semies inductive [L] element.

Main | Visualizationl

Inductance [H]: I‘I e

ak. I Cancel Help Apply
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See Also

Inductance (H)
Scalar value for the inductance. The value must be nonnegative.

Visualization Tab

[T]Block Parameters: Series L |

Series L
’7.& zeries inductive [L] element,

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: 521 | Y formatl: Im
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | format: lm
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, L.C
Lowpass Pi, LC Lowpass Tee, Series C, Series R, Series RLC, Shunt
C, Shunt L, Shunt R, Shunt RLC
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Purpose Model series resistor
Library Ladders Filters sublibrary of the Physical library
Description The Series R block models the series resistor described in the block
dialog box, in terms of its frequency-dependent S-parameters.
—A—
® ® The series R object is a two-port network, as shown in the following
circuit diagram.
R
WA
Dialog Main Tab
Box

E! Block Parameters: Series R x|

Series B
’VA zenies resistive [R] element.

tain | Visualizationl

Resistance [ohms]: |1

ak I Cancel Help Apply
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See Also

Resistance (ohms)
Scalar value for the resistance. The value must be nonnegative.

Visualization Tab

E! Block Parameters: Series R x|

Sernies R

A series resistive [R] element.

Main  Yisualization |
Source of frequency data:
Frequency data [Hz]:

Rieference impedance [ohms]:ISD

Flat type:

Y parameter]:

' parameters:

* parameter.

Y soale:

IU zer-zpecified LI
J[1:1.0e5:4e6]

IX-Y plane LI
521 | Y formatl: IMagnitude [decibels] VI
I hd l ' formatz: I hd l

Freq | xformat  |Hz -
ILinear vl R scale: ILinear VI

Plat |

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LL.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC
Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series RLC, Shunt
C, Shunt L, Shunt R, Shunt RLC
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Purpose
Library

Description

=TI

2-196

Model series RLC network
Ladders Filters sublibrary of the Physical library

The Series RLC block models the series RLC network described in the
block dialog box, in terms of its frequency-dependent S-parameters.

For the given resistance, inductance, and capacitance, the block first
calculates the ABCD-parameters at each frequency contained in the
vector of modeling frequencies, and then converts the ABCD-parameters
to S-parameters using the RF Toolbox abcd2s function. See the
Output Port block reference page for information about determining
the modeling frequencies.

For this circuit, A=1,B=Z, C=0, and D = 1, where

_ -LCo® + jRCo+1
JCw

Z

and o =2xf .

The series RLC object is a two-port network as shown in the following
circuit diagram.

R L C

e




Series RLC

Dialog Main Tab
Box
x|

— Series RLC

A series combination of resistive [R), inductive [L). and capacitive [C] elements.

Thiz block can madel a combination of any, all, ar none of theze three elements.
Elements will be included or excluded depending upon the specified parameter
valles.

Ta exclude the resistive elemant, set the resistance value ta 0 ohms.
Tao exclude the inductive element, set the inductance value to 0 herries.
To exclude the capacitive element. set the capacitance walue to Inf farads.

If all three elements are excluded. the block will become a direct connection from
input to output and have no effect on the zignal.

I air | Visualizationl

Resistance [ohmsz]): |1

Inductance [H): |1 el

Capacitance [F): |1 el2

QK I Cancel Help Apply

Resistance (ohms)
Scalar value for the resistance. The value must be nonnegative.

Inductance (H)
Scalar value for the inductance. The value must be nonnegative.

Capacitance (F)
Scalar value for the capacitance. The value must be nonnegative.
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See Also

2-198

Visualization Tab

E! Block Parameters: Series RLC |

— Series RLC

A series combination of resistive [R), inductive [L). and capacitive [C] elements.

Thiz block can madel a combination of any, all, ar none of theze three elements.
Elements will be included or excluded depending upon the specified parameter
valles.

Ta exclude the resistive elemant, set the resistance value ta 0 ohms.
Tao exclude the inductive element, set the inductance value to 0 herries.
To exclude the capacitive element. set the capacitance walue to Inf farads.

If all three elements are excluded. the block will become a direct connection from
input to output and have no effect on the zignal.

Main  Yisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): |[1 :1.0eb:4e6]

Reference impedance [ohms): I 50

Flot type: IX-Y plane ;I
' parameter: IS 21 LI ' format: IM agnitude [decibels] LI
' parameter2: I ;I ' format2: I LI
* parameter: IFleq LI * farmat: IH z LI
Y goale: ILinear LI X goale: ILinear ;I

Plat

‘

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

General Passive Network, LLC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee,
LC Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series R, Shunt

C, Shunt L, Shunt R, Shunt RLC



Shunt C
|

Purpose Model shunt capacitor
I.ibrclry Ladders Filters sublibrary of the Physical library
Description The Shunt C block models the shunt capacitor described in the block

dialog box, in terms of its frequency-dependent S-parameters.

L

# T ® The shunt C object is a two-port network, as shown in the following
circuit diagram.
c—1_
Dialog Main Tab
Box
zl

Shunt C
’7.& shunt capacitive [C] element.

Main | Visualizationl

Capacitance [F: I‘I e12

ak. I Cancel Help Apply
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Capacitance (F)
Scalar value for the capacitance. The value must be nonnegative.

Visualization Tab

[T)Block Parameters: Shunt € |

Shunt C
’7.& shunt capacitive [C] element,

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: IS 21 ;I *r format: IM agnitude [decibels] LI
' parameters: I LI  formatz: I LI
* parameter. IFleq ;I * farmat; IH z LI
Y zcale: ILinear LI  zcale: ILinear LI

:

Plat

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

See Also General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee,
LC Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series R, Series
RLC, Shunt L, Shunt R, Shunt RLC
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Purpose
Library

Description

Dialog
Box

Model shunt inductor
Ladders Filters sublibrary of the Physical library

The Shunt L block models the shunt inductor described in the block
dialog box, in terms of its frequency-dependent S-parameters.

The shunt L object is a two-port network, as shown in the following
circuit diagram.

Main Tab
%]

Shunt L
’7.& shunt inductive [L] element.

Main | Visualizationl

Inductance [H]: I‘I e

ak. I Cancel Help Apply
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Inductance (H)
Scalar value for the inductance. The value must be nonnegative.

Visualization Tab

[T)Block Parameters: Shunt L |

Shunt L
’7.& shunt inductive [L) element.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: IS 21 ;I *r format: IM agnitude [decibels] LI
' parameters: I LI  formatz: I LI
* parameter. IFleq ;I * farmat; IH z LI
Y zcale: ILinear LI  zcale: ILinear LI

:

Plat

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

See Also General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee,
LC Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series R, Series
RLC, Shunt C, Shunt R, Shunt RLC
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Purpose
Library

Description

Dialog
Box

Model shunt resistor
Ladders Filters sublibrary of the Physical library

The Shunt R block models the shunt resistor described in the block
dialog box, in terms of its frequency-dependent S-parameters.

The shunt R object is a two-port network, as shown in the following
circuit diagram.

Main Tab
%]

Shunt B
’7.& shunt resistive [R] element.

Main | Visualizationl

Resistance [ohmsz]: |1

ak. I Cancel Help Apply
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Resistance (ohms)
Scalar value for the resistance. The value must be nonnegative.

Visualization Tab

[T1Block Parameters: Shunt R |

Shunt R
’7.& shunt resistive [R] element.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: IS 21 ;I *r format: IM agnitude [decibels] LI
' parameters: I LI  formatz: I LI
* parameter. IFleq ;I * farmat; IH z LI
Y zcale: ILinear LI  zcale: ILinear LI

:

Plat

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

See Also General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee,
LC Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series R, Series
RLC, Shunt C, Shunt L, Shunt RLC
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|

Purpose Model shunt RLC network
Librclry Ladders Filters sublibrary of the Physical library

Description The Shunt RLC block models the shunt RLC network described in the
block dialog box, in terms of its frequency-dependent S-parameters.

® E N For the given resistance, inductance, and capacitance, the block first
calculates the ABCD-parameters at each frequency contained in the
vector of modeling frequencies, and then converts the ABCD-parameters
to S-parameters using the RF Toolbox abcd2s function. See the
Output Port block reference page for information about determining
the modeling frequencies.

For this circuit, A=1,B=0,C=Y, and D = 1, where

_ -LCo®+ j(L/Rw+1
JjLo

Y

and o =2xf .

The shunt RLC object is a two-port network as shown in the following
circuit diagram.

2-205



Shunt RLC

Dialog Main Tab
Box
x|

— Shurt RLC

A shunt combination of resistive (R, inductive (L], and capacitive [C] elements.

Thiz block can madel a combination of any, all, ar none of theze three elements.
Elements will be included or excluded depending upon the specified parameter
valles.

Ta exclude the resistive elament, et the resistance value ta Inf ohms.
Tao exclude the inductive element, set the inductance value to Inf herries.
To exclude the capacitive element. set the capacitance walue to O farads.

If all three elements are excluded. the block will become a direct connection from
input to output and have no effect on the zignal.

I air | Visualizationl

Resistance [ohmsz]): |1

Inductance [H): |1 el

Capacitance [F): |1 el2

QK I Cancel Help Apply

Resistance (ohms)
Scalar value for the resistance. The value must be nonnegative.

Inductance (H)
Scalar value for the inductance. The value must be nonnegative.

Capacitance (F)
Scalar value for the capacitance. The value must be nonnegative.
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See Also

Visualization Tab

E! Block Parameters: Shunt RLC |

— Shurt RLC

A shunt combination of resistive (R, inductive (L], and capacitive [C] elements.

Thiz block can madel a combination of any, all, ar none of theze three elements.
Elements will be included or excluded depending upon the specified parameter
valles.

Ta exclude the resistive elament, et the resistance value ta Inf ohms.
Tao exclude the inductive element, set the inductance value to Inf herries.
To exclude the capacitive element. set the capacitance walue to O farads.

If all three elements are excluded. the block will become a direct connection from
input to output and have no effect on the zignal.

Main  Yisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): |[1 :1.0eb:4e6]

Reference impedance [ohms): I 50

Flot type: IX-Y plane ;I
' parameter: |S2‘I VI ' format: IMagnitude [decibels] Yl

' parameter2: I vl ' format2: I 'l
* parameter: IFleq vl * farmat: IHz VI
Y goale: ILinear vl X goale: ILinear VI

Plat |

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

General Passive Network, LLC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee,
LC Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series R, Series

RLC, Shunt C, Shunt L, Shunt R
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Transmission Line (Equivalent Baseband)

Purpose Model general transmission line
Librclry Transmission Lines sublibrary of the Physical library
Description The Transmission Line block models the transmission line described
in the block dialog box in terms of its physical parameters. The
o — | transmission line, which can be lossy or lossless, is treated as a two-port
Transmission Line linear network.

The block enables you to model the transmission line as a stub or as
a stubless line.

Stubless Transmission Line

If you model the transmission line as a stubless line, the Transmission
Line block first calculates the ABCD-parameters at each frequency
contained in the modeling frequencies vector. It then uses the abcd2s
function to convert the ABCD-parameters to S-parameters.

The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, &,
using the following equations:

Azekd+e—kd
2
Zy* (ekd efkcl)
B=
2
kd _ -kd
c=¢ >ke
2% 7,
D:ekd+e—kd
2

Z, is the specified characteristic impedance. k is a vector whose
elements correspond to the elements of the input vector freq. The block
calculates k from the specified parameters as k = a, + i3, where a is
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the attenuation coefficient and § is the wave number. The attenuation
coefficient a, is related to the specified loss, a, by

a, =-1n(10/20)

a
The wave number £ is related to the specified phase velocity, v, by

Vo

B

The phase velocity V} is also known as the wave propagation velocity.

Shunt and Series Stubs

If you model the transmission line as a shunt or series stub, the

Transmission Line block first calculates the ABCD-parameters at each
frequency contained in the vector of modeling frequencies. It then uses
the abcd2s function to convert the ABCD-parameters to S-parameters.

Shunt ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Shunt, the two-port network consists of a stub transmission line that
you can terminate with either a short circuit or an open circuit as
shown here.

Z,, is the input impedance of the shunt circuit. The ABCD-parameters
for the shunt stub are calculated as
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2-210

1Z;,

S awe
I

1
0
1
1

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Series, the two-port network consists of a series transmission line
that you can terminate with either a short circuit or an open circuit
as shown here.

o &+ Q o + 0
Z!n | Zin |

o ] o 0

7, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as

O aQw»
L

Il
= o



Transmission Line (Equivalent Baseband)

Dialog Main Tab
Box
x
Transmission Line
’7 Model a transmission line.
Main | Yisualization I
Characteristic impedance [ohms]: ISD
Phaze velocity [mds]: |289?92458
Loss (dB./m) jo
Frequency [Hz]: I'I ed
Interpolation method: ILinear LI
Tranzmigzion line length [m]: ID. iy
Stub mode: INot a stub LI
Termination of stub: IDpen LI
QK I Cancel | Help | Apply

Characteristic impedance (ohms)

Characteristic impedance of the transmission line. The value can

be complex.

Phase velocity (m/s)

Propagation velocity of a uniform plane wave on the transmission

line.

Loss (dB/m)

Reduction in strength of the signal as it travels over the
transmission line. Must be positive.

Frequency (Hz)

Vector of modeling frequencies. The block performs the
calculations listed in the Description section at each frequency

you provide.
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Transmission line length (m)
Physical length of the transmission line.

Stub mode
Type of stub. Choices are Not a stub, Shunt, or Series.

Termination of stub
Stub termination for stub modes Shunt and Series. Choices are
Open or Short. This parameter becomes visible only when Stub
mode is set to Shunt or Series.

Visualization Tab

[T]Block Parameters: Transmission Line |

" Transmission Line

Madel a tranzmission line.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I e9:1.0ek:3e9)

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: IS 21 ;I *r format: IAngIe [degreesz) LI
' parameters: I LI  formatz: I LI
* parameter. IFleq ;I * farmat; IH z LI
Y zcale: ILinear LI  zcale: ILinear LI

:

Plat

ak. I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

References [1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.
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See Also Coaxial Transmission Line, Coplanar Waveguide Transmission Line,
General Passive Network, Microstrip Transmission Line, Parallel-Plate
Transmission Line, Two-Wire Transmission Line
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Purpose Model two-wire transmission line
Librclry Transmission Lines sublibrary of the Physical library
Description The Two-Wire Transmission Line block models the two-wire
transmission line described in the block dialog box in terms of
ol T e its frequency-dependent S-parameters. A two-wire transmission
Tuwg-Wire line is shown in cross-section in the following figure. Its physical

characteristics include the radius of the wires a, the separation

or physical distance between the wire centers S, and the relative
permittivity and permeability of the wires. SimRF Equivalent
Baseband software assumes the relative permittivity and permeability
are uniform.

Wires

-+—— Dielectric

A

S |

The block enables you to model the transmission line as a stub or as
a stubless line.

Stubless Transmission Line

If you model a two-wire transmission line as a stubless line,

the Two-Wire Transmission Line block first calculates the
ABCD-parameters at each frequency contained in the modeling
frequencies vector. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.
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The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, k,
using the following equations:

kd , —kd
A:e +e
2
ZO*(ekd —kd)
B=
2
kd _ —kd
C_e *e
2% 7,
kd | —kd
D=€ +e
2

Z, and k are vectors whose elements correspond to the elements of f, a
vector of modeling frequencies. Both can be expressed in terms of the
resistance (R), inductance (L), conductance (G), and capacitance (C)
per unit length (meters) as follows:

R+ joL
Z0= e
G+ joC

k=k, + jk = (R + joL)G + joC)

where
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2-216

Ro_ 1
”agcondécond
L=£ a cosh (BJ
T 2a
Go nwe”
(2]
a cosh
2a
C = LD
a cosh ( )
2a
and o =2xf .

In these equations:

® 0,,.,1s the conductivity in the conductor.

® ;1 is the permeability of the dielectric.
® ¢is the permittivity of the dielectric.

® ¢"is the imaginary part of &, £” = g,¢,tan §, where:

g, is the permittivity of free space.

e, 1s the Relative permittivity constant parameter value.

tan 6 is the Loss tangent of dielectric parameter value.

® §,,,.q1s the skin depth of the conductor, which the block calculates

as 1/\nfuc.ong -

® fis a vector of modeling frequencies determined by the Output Port
block.

Shunt and Series Stubs

If you model the transmission line as a shunt or series stub,
the Two-Wire Transmission Line block first calculates the
ABCD-parameters at each frequency contained in the vector of
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modeling frequencies. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.

Shunt ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Shunt, the two-port network consists of a stub transmission line that
you can terminate with either a short circuit or an open circuit as
shown here.

Z,, is the input impedance of the shunt circuit. The ABCD-parameters
for the shunt stub are calculated as

A=1
B=0
c=1/2,
D=1

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to
Series, the two-port network consists of a series transmission line
that you can terminate with either a short circuit or an open circuit
as shown here.
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o T o o T o
z:'n z:fn

L= 0 L=, 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as

A=1
B=27;,
C=0
D=1
Dialog Main Tab

Box
X

’—TwoJWireT.m ission Lin

Model a two-wire transmission line.

Main | \ﬁsualizaﬁonl

Wire radius {m): IU.G?E—3

Wire separation (m): I 1.62e-3

Relative permeability constant: I 1

Relative permittivity constant: I 2.3

Loss tangent of dielectric: I 0

Conductivity of conductor (3,/m): Iinf

Transmission line length {m): IU.DI
Stub mode: INot a stub ;I
Termination of stub: IOpen LI

oK I Cancel Help | Apply |
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Wire radius (m)
Radius of the conducting wires of the two-wire transmission line.

Wire separation (m)
Physical distance between the wires.

Relative permeability constant
Relative permeability of the dielectric expressed as the ratio of the
permeability of the dielectric to permeability in free space .

Relative permittivity constant
Relative permittivity of the dielectric expressed as the ratio of the
permittivity of the dielectric to permittivity in free space ¢,.

Loss tangent of dielectric
Loss angle tangent of the dielectric.

Conductivity of conductor (S/m)
Conductivity of the conductor in siemens per meter.

Transmission line length (m)
Physical length of the transmission line.

Stub mode
Type of stub. Choices are Not a stub, Shunt, or Series.

Termination of stub
Stub termination for stub modes Shunt and Series. Choices are
Open or Short. This parameter becomes visible only when Stub
mode is set to Shunt or Series.
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References

See Also

2-220

Visualization Tab

E! Block Parameters: Two-Wire Transmission Ling 5[

" Two-wire Transmission Line

Model a bao-wire transmission line.

Main  “isuslization |

Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 e3:1.0ef: 3e9]

Reference impedance [ohms]:ISU

Flat type: IX-Y plane LI
Y parameter]: IS 21 LI ¥ format]: IAngIe [degrees) LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IH z LI
Y soale: ILinear ;I # soale: ILinear LI

Plat

:

QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

[1] Pozar, David M. Microwave Engineering, John Wiley & Sons, Inc.,
2005.

Coaxial Transmission Line, Coplanar Waveguide Transmission Line,
General Passive Network, Transmission Line, Microstrip Transmission
Line, Parallel-Plate Transmission Line



Y-Parameters Amplifier

Purpose
Library

Description

Y-Parameters
Amplifier

Model nonlinear amplifier using Y-parameters
Amplifiers sublibrary of the Physical library

The Y-Parameters Amplifier block models the nonlinear amplifier
described in the block dialog box, in terms of its frequency-dependent,
the frequencies of the Y-parameters, noise data, and nonlinearity data

Network Parameters

In the Y-Parameters field of the block dialog box, provide the
Y-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the Y-parameters as an
M-element vector. The elements of the frequencies vector must be in
the same order as the Y-parameters. All frequencies must be positive.
For example, the following figure shows the correspondence between
the Y-parameters array and the vector of frequencies.

Y-parameters . _ —
array \\ ..-"H*F ..-".‘{:r'l‘l ‘T{Q
Yy; | Yoo " Yo

I Y

Pl L]

fo1 | Yao et
% Fo_ Frequendies
f

The Y-Parameters Amplifier block uses the RF Toolbox y2s function
to convert the Y-parameters to S-parameters, and then interpolates
the resulting S-parameters to determine their values at the modeling
frequencies. See “SimRF Equivalent Baseband Algorithms” for more
details.

Nonlinearity

You can introduce nonlinearities into your model by specifying
parameters in the Nonlinearity Data tab of the Y-Parameters
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2-222

Amplifier block dialog box. Depending on which of these parameters
you specify, the block computes up to four of the coefficients ¢; , c3, cs,

and c; of the polynomial

2 4 6
Fayriam(s) =cis+cgls|”s+esls| s+eqls| s
that determines the AM/AM conversion for the input signal s. The

block automatically calculates ¢;, the linear gain term. If you do not
specify additional nonlinearity data, the block operates as a linear
amplifier. If you do, the block calculates one or more of the remaining
coefficients as the solution to a system of linear equations, determined
by the following method.

1 The block checks whether you have specified a value other than Inf
for:

® The third-order intercept point (OIP3 or IIP3).
® The output power at the 1-dB compression point (Py4p oy )-

® The output power at saturation ( Py oyt )-

In addition, if you have specified Py ,,;, the block uses the value for

the gain compression at saturation (GCy,; ). Otherwise, GCy,; is not
used. You define each of these parameters in the block dialog box,
on the Nonlinearity Data tab.

2 The block calculates a corresponding input or output value for the
parameters you have specified. In units of dB and dBm,

Psat,out +GCyy = Psat,in +Gyy,

PiaB.out *1=PiaB in + Giin
OIP3 = IIP3 + Gy,

where Gy, is ¢; in units of dB.
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3 The block formulates the coefficients c3, c5, and c;, where
applicable, as the solutions to a system of one, two, or three linear
equations. The number of equations used is equal to the number
of parameters you provide. For example, if you specify all three
parameters, the block formulates the coefficients according to the
following equations:

\/Psat,out =0 \/Psat,in +cs (\/Psat,in )3 +¢5 (\/ Psat,in )5 % (\lPsat,in )7
JPuaB out = 1P in + 3 (JPras.in )3 + 5 (\Prap,in )5 +c7(Pra,in )7

0= C—1+C3
1IP3

The first two equations are the evaluation of the polynomial

Faprsan(s) at the points (\/Psat’in,\/Psat’out) and

(\/PldB,in7\/P1dB,out)’ expressed in linear units (such as W
or mW) and normalized to a 1-Q impedance. The third equation is
the definition of the third-order intercept point.

The calculation omits higher-order terms according to the available
degrees of freedom of the system. If you specify only two of the
three parameters, the block does not use the equation involving the

parameter you did not specify, and eliminates any c; terms from
the remaining equations. Similarly, if you provide only one of the
parameters, the block uses only the solution to the equation involving

that parameter and omits any c5 or c¢; terms.

If you provide vectors of nonlinearity and frequency data, the block
calculates the polynomial coefficients using values for the parameters
interpolated at the center frequency.

Active Noise

You can specify active block noise in one of the following ways:
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Dialog
Box

2-224

® Spot noise data in the Y-Parameters Amplifier block dialog box.

® Noise figure, noise factor, or noise temperature value in the

Y-Parameters Amplifier block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

.
Main Tab
[C1Block Parameters: ¥-Parameters Amplifier

—T-Parameters Amplifier

Monlinear amplifier described by frequency-dependent v-Parameters, noise data, and
nonlinearity data.

Lze the kain tab to specify a 2x2xhd array of Y-Parameters and an k-element vector of
the comesponding frequency values.

Uze the Moize D ata tab to specify amplifier noise infarmation.
Use the Monlinearity D'ata tab to specify amplifier nonlinearity information.

Data interpolation iz used during simulation.

I Moize D ata | Monlinearity Data | Wisualization

‘r-Parameters: I[D.DZDD,D;-D.D4DD, 0.0200]
Frequency [Hz): |2.De!3
Interpolation method:l Lirear LI

ak. I Cancel | Help | Apply

Y-Parameters

Y-parameters for a nonlinear amplifier in a 2-by-2-by-M array. M

is the number of Y-parameters.
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Frequency (Hz)
Frequencies of the Y-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Y-parameters in Y-Parameters. All frequencies must be positive.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation

2-225



Y-Parameters Amplifier

2-226

Noise Data Tab

E! Block Parameters: Y-Parameters Amplifier x|

—Y-Parameters Amplifier

RF amplifier described by frequency-dependent Y-Parameters, noise data, and nonlinearity
data,

Lze the Main tab to specify a 2x2xM array of V-Parameters and an M-element vector of the
corresponding frequency values.

Use the Moise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the MNoise Data tab accepts a separate M-element vector of the corresponding
frequency values.

Use the Monlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main Moise Data MNonlinearity Data I Visualization

Moise type: Il‘-loise figure LI

Moise figure (dB): IIII

Minimum noise figure {dB): IIII

Optimal reflection coefficient: I 1+0i

Equivalent normalized noise resistance: I 1

Moise factor: I 1

Moise temperature {K): IIJ

Freguency (Hz): I 2.0e9

OK I Cancel Help Apply

Noise type

Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is

disabled if the data source contains noise data.

Noise figure (dB)

Scalar ratio or vector of ratios, in decibels, of the available
signal-to-noise power ratio at the input to the available
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signal-to-noise power ratio at the output, (S;/N)/(S,/N ). This
parameter is enabled if Noise type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio or vector of minimum ratios of the
available signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N ). This
parameter is enabled if Noise type is set to Spot noise data.

Optimal reflection coefficient
Optimal amplifier source impedance. This parameter is enabled
if Noise type is set to Spot noise data. The value can be a
scalar or vector.

Equivalent normalized resistance
Resistance or vector of resistances normalized to the resistance
value or values used to take the noise measurement. This
parameter is enabled if Noise type is set to Spot noise data.

Noise factor
Scalar ratio or vector of ratios of the available signal-to-noise
power ratio at the input to the available signal-to-noise power
ratio at the output, (S,/N,)/(S,/N,). This parameter is enabled if
Noise type is set to Noise factor.

Noise temperature (K)
Equivalent temperature or vector of temperatures that produce
the same amount of noise power as the amplifier. This parameter
is enabled if Noise type is set to Noise temperature.

Frequency (Hz)
Scalar value or vector corresponding to the domain of frequencies
over which you are specifying the noise data. If you provide a
scalar value for your noise data, the block ignores the Frequency
(Hz) parameter and uses the noise data for all frequencies. If
you provide a vector of values for your noise data, it must be
the same size as the vector of frequencies. The block uses the
Interpolation method specified in the Main tab to interpolate
noise data.
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Nonlinearity Data Tab

] Block Parameters: ¥-Parameters Amplifier |

—Y-Parameters Amplifier

RF amplifier described by frequency-dependent Y-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Y-Parameters and an M-element vector of the
corresponding frequency values.

Use the Moise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the Moise Data tab accepts a separate M-element vector of the corresponding
frequency values.

Use the Nonlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Monlinearity Data tab accepts a separate N-element vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main | Moise Data Monlinearity Data I Visualization
IP3 type: Jore3 ia|

IP3 (dEm): inf

1dB gain compression power (dBm): Iinf

Qutput saturation power (dBm): Iinf

Gain compression at saturation {dB): I 3

Frequency (Hz): I 2,022

QK I Cancel Help Apply

IP3 type
Type of third-order intercept point. The value can be IIP3 (input

intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.
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IP3 (dBm)
Value of third-order intercept point. This parameter is disabled if
the data source contains power data or IP3 data. Use the default
value, Inf, if you do not know the IP3 value. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

1 dB gain compression power (dBm)

Output power value (P 4p o, ) at which gain has decreased by 1
dB. This parameter is disabled if the data source contains power
data or 1-dB compression point data. Use the default value, Inf, if
you do not know the 1-dB compression point. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

Output saturation power (dBm)

Output power value ( Py, o) that the amplifier produces when
fully saturated. This parameter is disabled if the data source
contains output saturation power data. Use the default value,
Inf, if you do not know the saturation power. If you specify
this parameter, you must also specify the Gain compression
at saturation (dB). This parameter can be a scalar (to specify
frequency-independent nonlinearity data) or a vector (to specify
frequency-dependent nonlinearity data).

Gain compression at saturation (dB)

Decrease in gain (GC,,; ) when the power is fully saturated. The
block ignores this parameter if you do not specify the Output
saturation power (dBm). This parameter can be a scalar (to
specify frequency-independent nonlinearity data) or a vector (to
specify frequency-dependent nonlinearity data).

Frequency (Hz)
Scalar or vector value of frequency points corresponding to the
third-order intercept and power data. This parameter is disabled
if the data source contains power data or IP3 data. If you use a
scalar value, the IP3 (dBm), 1 dB gain compression power
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(dBm), and Output saturation power (dBm) parameters must
all be scalars. If you use a vector value, one or more of the IP3
(dBm), 1 dB gain compression power (dBm), and Output
saturation power (dBm) parameters must also be a vector.

Visualization Tab

7] Block Parameters: Y-Parameters Amplifier |

—'f-Parameters Amplifier

RF amplifier described by frequency-dependent ¥-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Y-Parameters and an M-element vector of the
corresponding frequency values.

Use the Moise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the MNoise Data tab accepts a separate M-element vector of the corresponding
freguency values.

Use the Nonlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Monlinearity Data tab accepts a separate MN-glement vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main I Moise Data I Monlinearity Data Visualization

Source of frequency data: ISame as the Y-Parameters LI

Frequency data (Hz): I[l.geg: 1.0e8:2.2e9]

Reference impedance (ohms): I 50

Plot type: Ix “f plane LI
Y parameter1: 511 - ¥ formatl: IW
Y parameter2: Iﬁ ¥ format2: Iﬁ
X parameter: m X format: Hz -
¥ scale: lm X scale: Im

Plot |
Ok I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.
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Examples

Plotting Parameters with the Y-Parameters Amplifier Block

The following example specifies Y-parameters [-.06+.581, -.081;
1.14-1.821, -.07+.281] and [.02-.211, 0.031; -.21+.721, .03-.111] at
frequencies 2.0 GHz and 2.1 GHz respectively. It uses the MATLAB cat
function to create the 2-by-2-by-2 Y-parameters array

cat(3,[-.06+.581, -.08i; 1.14-1.82i, -.07+.28i],...
[ .02-.21i, 0.03i; -.21+.72i, .03-.11i])

1 Type the following command at the MATLAB prompt to create a
variable called yparams that stores the values of the Y-parameters.

yparams = cat(3,...
[-.06+.58i, -.08i; 1.14-1.82i, -.07+.28i],...
[ .02-.21i, 0.03i; -.21+.72i, .03-.11i])

2 Set the Y-Parameters Amplifier block parameters on the Main tab
as follows:

e Set the Y-Parameters parameter to yparams.

¢ Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.

2-231



Y-Parameters Amplifier

[C1Block Parameters: ¥-Parameters Amplifier |

—T-Parameters Amplifier
Monlinear amplifier described by frequency-dependent v-Parameters, noise data, and
nonlinearity data.

Lze the kain tab to specify a 2x2xhd array of Y-Parameters and an k-element vector of
the comesponding frequency values.

Uze the Moize D ata tab to specify amplifier noise infarmation.
Use the Monlinearity D'ata tab to specify amplifier nonlinearity information.

Data interpolation iz used during simulation.

Main INoise Data | Monlinearity Data | Visualization

‘r-Parameters: Iyparams
Frequency [Hz): |[2.|389,2.1 ed]
Interpolation methad: I Lirear LI

Apply |

ak I Cancel

3 Set the Y-Parameters Amplifier block parameters on the
Visualization tab as follows:

® In the Source of frequency data list, select User-specified.

e Set the Frequency data (Hz) parameter to
[1.8€9:1.0e8:2.3€e9].

¢ In the Plot type list, select X-Y plane.
¢ In the Y parameterl list, select S11.
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[Z1Block Parameters: Y-Parameters Amplifier

— "r-Parameters Amplifier

nonlinearnity data.

the comesponding frequency values.

Use the Maize Data tab to specify amplifier noize information.

D ata interpolation iz used during simulation.

Monlinear amplifier dezcribed by frequency-dependent v'-Parameters, noize data, and

Uze the Main tab to specify a 242wk array of -Parameters and an M-glement vectar of

Usge the Monlinearity Data tab to specify amplifier nonlinearity information.

Main | Moise Data I Morlinearity Data  Vizsualization

Source of frequency data: IUser-specified LI
Frequency data [Hz): |[1 .8e8:1.0e8:2 3e4]

Reference impedance [ohms]: ISD

Plat type: IX-Y plane LI

't parameterl: 1 - ' farmatl: IW

' parameterd: I VI Y format:
¥ parameter: IFreq vl # format;

Y scals: Linear > | X scale

Ok I Cancel |

Help | Aoply |

Click Plot. This action creates an X-Y Plane plot of the S,

parameters in the frequency range

1.8 to 2.3 GHz.
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-} untitled;¥-Parameters Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= &0
-2

Magnitude (decibels)
i

4.5
-5
5.5
6 | | | | I I
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See Also General Amplifier, Output Port, S-Parameters Amplifier, Z-Parameters
Amplifier

y2s (RF Toolbox)
interpl (MATLAB)
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Purpose

Library

Description

&

-

&

Model mixer and local oscillator using Y-parameters
Mixer sublibrary of the Physical library

The Y-Parameters Mixer block models the nonlinear mixer described in
the block dialog box in terms of its frequency-dependent Y-parameters,
the frequencies of the Y-parameters, noise data (including phase noise

data), and nonlinearity data.

Network Parameters
The Y-parameter values all refer to the mixer input frequency.

The Y-Parameters Mixer block uses the RF Toolbox y2s function to
convert the Y-parameters to S-parameters and then interpolates the
resulting S-parameters to determine their values at the modeling
frequencies. See “SimRF Equivalent Baseband Algorithms” for more
details.

SimRF Equivalent Baseband software computes the reflected wave at

the mixer input (b;) and at the mixer output (by) from the interpolated
S-parameters as

|:b1(fin):|:[sll 312}[%(}%)]
bo(four)| [S21 Sag || ao(four)
where

o fin and fout are the mixer input and output frequencies, respectively.

® @; and ay are the incident waves at the mixer input and output,
respectively.

The interpolated S,; parameter values describe the conversion gain as a
function of frequency, referred to the mixer input frequency.

Active Noise

You can specify active block noise in one of the following ways:
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® Spot noise data in the Y-Parameters Mixer block dialog box.

® Noise figure, noise factor, or noise temperature value in the
Y-Parameters Mixer block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Phase Noise

The Y-Parameters Mixer block applies phase noise to a complex

baseband signal. The block first generates additive white Gaussian
noise (AWGN) and filters the noise with a digital FIR filter. It then
adds the resulting noise to the angle component of the input signal.

The blockset computes the digital filter by:

1 Interpolating the specified phase noise level to determine the phase
noise values at the modeling frequencies.

2 Taking the IFFT of the resulting phase noise spectrum to get the
coefficients of the FIR filter.

Note If you specify phase noise as a scalar value, the blockset assumes
that the phase noise is the phase noise is constant at all modeling
frequencies and does not have a 1/f slope. This assumption differs from
that made by the Mathematical Mixer block.

Nonlinearity

You can introduce nonlinearities into your model by specifying
parameters in the Nonlinearity Data tab of the Y-Parameters Mixer
block dialog box. Depending on which of these parameters you specify,

the block computes up to four of the coefficients ¢, c3, ¢5, and c; of
the polynomial
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Faprran(s) =cis+c3 |s|2 s+cs |s|4 s+cq |s|6 s
that determines the AM/AM conversion for the input signal s. The

block automatically calculates c;, the linear gain term. If you do not
specify additional nonlinearity data, the block operates as a mixer
with a linear gain. If you do, the block calculates one or more of the
remaining coefficients as the solution to a system of linear equations,
determined by the following method.

1 The block checks whether you have specified a value other than Inf
for:

¢ The third-order intercept point (OIP3 or IIP3).
® The output power at the 1-dB compression point (Py4p oy )-

* The output power at saturation (Pyys oy )-

In addition, if you have specified Py, ., , the block uses the value for

the gain compression at saturation (GCy,; ). Otherwise, GCy,; is not
used. You define each of these parameters in the block dialog box,
on the Nonlinearity Data tab.

2 The block calculates a corresponding input or output value for the
parameters you have specified. In units of dB and dBm,

Psat,out + Gcsat = Psat,in + Glin
PraB out +1=Prap in + Glin
OIP3 = IIP3 + Gy,

where Gy;, is ¢; in units of dB.

3 The block formulates the coefficients c3, c5, and c;, where
applicable, as the solutions to a system of one, two, or three linear
equations. The number of equations used is equal to the number
of parameters you provide. For example, if you specify all three
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parameters, the block formulates the coefficients according to the
following equations:

3 5 7
\/Psat,out =0 \/Psat,in +c3 ( Psat,in ) +¢5 ( Psat,in ) +c7 ( Psat,in )

JPuaBout =1\[Piagin + s (JPiapin )3 + 5 (Prag in )5 +c7(Papin )7

G
=——+c3
1IP3

The first two equations are the evaluation of the polynomial

Fapmam() at the points ([Pyyg insfPoat,oue) and

(\/PldB,in’\/PldB,out)’ expressed in linear units (such as W
or mW) and normalized to a 1-Q impedance. The third equation is
the definition of the third-order intercept point.

The calculation omits higher-order terms according to the available
degrees of freedom of the system. If you specify only two of the
three parameters, the block does not use the equation involving the

parameter you did not specify, and eliminates any ¢; terms from
the remaining equations. Similarly, if you provide only one of the
parameters, the block uses only the solution to the equation involving

that parameter and omits any c5 or c¢; terms.

If you provide vectors of nonlinearity and frequency data, the block
calculates the polynomial coefficients using values for the parameters
interpolated at the center frequency.



Y-Parameters Mixer

L
Dialog Main Tab
Box
x

—T-Parameters Mixer

Manlinear mizer described by frequency-dependent v'-Parameters, noize data, and
honlinearity data.

Use the kain tab to specify a 2424k array of Y-Parameters and an M-element vector of
the corresponding frequency values.

Llze the Moize D ata tab to specify mizer noize information.
Use the Manlinearity Data tab to specify mixer nonlinearity infarmation.

Data interpolation is uzed during simulation.

I Moize Data | Monlinearity Data | WisLialization

-Parameters: I[D.DEDD,D;-D.D4DD, 0.0200]

Frequency [Hz): |2.De9

Interpolation method:l Linear LI
Mixer type: I Downconverter LI

L0 frequency [Hz): ID.QES

ak. I Cancel | Help | Apply |

Y-Parameters

Y-parameters for a nonlinear mixer in a 2-by-2-by-M array. M is
the number of Y-parameters.

Frequency (Hz)
Frequencies of the Y-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Y-parameters in Y-Parameters. All frequencies must be positive.
The following figure shows the correspondence between the
Y-parameters array and the vector of frequencies.
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Y- pammeters -
array \\\ ..-"ﬂ" ..-"‘I‘r:1 ‘J‘.E-;Qr
L —
4" Y
Y1 | Yoo 2
I s
a .
Yo1 | Yoo ff - e
o Frequendes
2

f1

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation

Mixer Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

LO frequency (Hz)
Local oscillator frequency. If you choose Downconverter, the
blockset computes the mixer output frequency, f, ., from the mixer
input frequency, f;,, and the local oscillator frequency, f,, as

fous = fin — f1- If you choose Upconverter, f, . =f. +f,.
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Note For a downconverting mixer, the local oscillator frequency
must satisfy the condition f,, — f,, > 1/(2¢,), where ¢_is the sample
time specified in the Input Port block. Otherwise, an error
appears.

Noise Data Tab

7] Block Parameters: Y-Parameters Mixer |

—Y-Parameters Mixer

RF mixer described by frequency-dependent Y-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Y-Parameters and an M-glement vector of the
corresponding frequency values.

Use the Noise Data tab to specify mixer noise information. For & frequency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding freguency
values,

Use the Nonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Monlinearity Data tab accepts a separate N-element vector of

the corresponding frequency values.

Data interpolation is used during simulation.

Main Moise Data Monlinearity Data I Visuslization I

Phase noise frequency offset (Hz): I[III.l 110 100]*1e3
Phase noise level (dBc/Hz): I[-?IZI -120 -140 -150]
Moise type: Il‘-loise figure LI
Moise figure {dB): IIII
Minimum noise figure (dB): IIII
Optimal reflection coefficient: I 1400
Equivalent normalized noise resistance: I i
Moise factor: I 1
Moize temperature (K): IIII
Frequency (Hz): I 2.0e9

QK I Cancel Help Apply
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Phase noise frequency offset (Hz)
Vector specifying the frequency offset.

Phase noise level (dBc/Hz)
Vector specifying the phase noise level.

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio or vector of ratios, in decibels, of the available
signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N,). This
parameter is enabled if Noise type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio or vector of minimum ratios of the
available signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N,). This
parameter is enabled if Noise type is set to Spot noise data.

Optimal reflection coefficient
Optimal mixer source impedance. This parameter is enabled if
Noise type is set to Spot noise data. The value can be a scalar
or vector.

Equivalent normalized resistance
Resistance or vector of resistances normalized to the resistance
value or values used to take the noise measurement. This
parameter is enabled if Noise type is set to Spot noise data.

Noise factor
Scalar ratio or vector of ratios of the available signal-to-noise
power ratio at the input to the available signal-to-noise power
ratio at the output, (S,/N,)/(S,/N,). This parameter is enabled if
Noise type is set to Noise factor.



Y-Parameters Mixer

Noise temperature (K)
Equivalent temperature or vector of temperatures that produce
the same amount of noise power as the mixer. This parameter is
enabled if Noise type is set to Noise temperature.

Frequency (Hz)
Scalar value or vector corresponding to the domain of frequencies
over which you are specifying the noise data. If you provide a
scalar value for your noise data, the block ignores the Frequency
(Hz) parameter and uses the noise data for all frequencies. If
you provide a vector of values for your noise data, it must be
the same size as the vector of frequencies. The block uses the
Interpolation method specified in the Main tab to interpolate
noise data.
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Nonlinearity Data Tab

7] Block Parameters: Y-Parameters Mixer |

—Y-Parameters Mixer

RF mixer described by frequency-dependent Y-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Y-Parameters and an M-glement vector of the
corresponding frequency values.

Use the Noise Data tab to specify mixer noise information. For & frequency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding freguency
values,

Use the Nonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Monlinearity Data tab accepts a separate N-element vector of

the corresponding frequency values.

Data interpolation is used during simulation.

Main | Moize Data  Monlinearity Data I Visualization
IP3 type: jorr3 x|
1P3 (dBm): Jinf

1dB gain compression power (dBm): Iimc

Qutput saturation power (dBm): Iinf

Gain compression at saturation (dB): I 3

Frequency (Hz): I 2.0e9

QK I Cancel Help Apply

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.
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IP3 (dBm)
Value of third-order intercept point. This parameter is disabled if
the data source contains power data or IP3 data. Use the default
value, Inf, if you do not know the IP3 value. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

1 dB gain compression power (dBm)

Output power value (P 4p o, ) at which gain has decreased by 1
dB. This parameter is disabled if the data source contains power
data or 1-dB compression point data. Use the default value, Inf, if
you do not know the 1-dB compression point. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

Output saturation power (dBm)

Output power value (Pyy oy ) that the mixer produces when fully
saturated. This parameter is disabled if the data source contains
output saturation power data. Use the default value, Inf, if you do
not know the saturation power. If you specify this parameter, you
must also specify the Gain compression at saturation (dB).
This parameter can be a scalar (to specify frequency-independent
nonlinearity data) or a vector (to specify frequency-dependent
nonlinearity data).

Gain compression at saturation (dB)

Decrease in gain (GC,,; ) when the power is fully saturated. The
block ignores this parameter if you do not specify the Output
saturation power (dBm). This parameter can be a scalar (to
specify frequency-independent nonlinearity data) or a vector (to
specify frequency-dependent nonlinearity data).

Frequency (Hz)
Scalar or vector value of frequency points corresponding to the
third-order intercept and power data. This parameter is disabled
if the data source contains power data or IP3 data. If you use a
scalar value, the IP3 (dBm), 1 dB gain compression power
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(dBm), and Output saturation power (dBm) parameters must
all be scalars. If you use a vector value, one or more of the IP3
(dBm), 1 dB gain compression power (dBm), and Output
saturation power (dBm) parameters must also be a vector.

Visualization Tab

7] Block Parameters: Y-Parameters Mixer |

—Y-Parameters Mixer

RF mixer described by frequency-dependent Y-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Y-Parameters and an M-glement vector of the
corresponding frequency values.

Use the Noise Data tab to specify mixer noise information. For & frequency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding freguency
values,

Use the Nonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Monlinearity Data tab accepts a separate N-element vector of

the corresponding frequency values.

Data interpolation is used during simulation.

Main I IMoise Data I Monlinearity Data Visualization

Source of frequency data: ISame as the Y-Parameters LI

Frequency data (Hz): I [125:128:2.929]

Reference impedance {ohms): ISD
Plot type: I& f plane LI
Y parameter1: 511 hd ¥ formatl: IW
' parameter2: Iﬁ ¥ format2: Iﬁ
X parameter: m ¥ format: Hz -

¥ scale: m ¥ scale: Im

Plot |
QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.
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See Also General Mixer, Output Port, S-Parameters Mixer, Z-Parameters Mixer
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Purpose
Library

Description

2-248

Model passive network using Y-parameters
Black Box Elements sublibrary of the Physical library

The Y-Parameters Passive Network block models the two-port passive
network described in the block dialog box, in terms of its Y-parameters
and their associated frequencies.

In the Y-Parameters field of the block dialog box, provide the
Y-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the Y-parameters as an
M-element vector. The elements of the vector must be in the same order
as the Y-parameters. All frequencies must be positive. For example, the
following figure shows the correspondence between the Y-parameters
array and the vector of frequencies.

Y poramete s . _ —
urray \ ..-'#* ..-"‘I‘T-H 'T{E
Yy | Yo | Yoz

I,

- w

o1 | Yoo et
fa— Frequendes
fa
f1

The Y-Parameters Passive Network block uses the RF Toolbox y2s
function to convert the Y-parameters to S-parameters, and then
interpolates the resulting S-parameters to determine their values at the
modeling frequencies. The modeling frequencies are determined by
the Output Port block. See “SimRF Equivalent Baseband Algorithms”
for more details.
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L
Dialog Main Tab
Box

“r-Parameters Passive Network

Two-port passive network. described by the frequency-dependent 'v-Parameters [222xh
array). and the Frequency [vectar of length M), M iz the number of frequencies.

Data interpolation is used during simulation.

I Yisualization I

‘-Parameters: I[D.D2DD,D;-D.D4DD, 0.0200]
Frequency [Hz]: IZ.DES

Interpolation method: I Linear LI

QK I Cancel Help Apply |

Y-Parameters

Y-parameters for a two-port passive network in a 2-by-2-by-M
array. M is the number of Y-parameters.

Frequency (Hz)

Frequencies of the Y-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Y-parameters in Y-Parameters. All frequencies must be positive.

Interpolation method

The method used to interpolate the network parameters. The
following table lists the available methods describes each one.
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Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation

Visualization Tab

=] Block Parameters: Y-Parameters Passive Network |

‘Y-Parameters Passive Network

Two-port passive network described by the frequency-dependent Y-Parameters {2x2xM
array), and the Frequency {vector of length M). M is the number of frequencies.

Data interpolation is used during simulation.

Main Visualization I

Source of frequency data: ISame as the Y-Parameters LI

Frequency data (Hz): |[1.9e9: 1.0e6:2.229]

Reference impedance {ohms): ISD

Plot type: I& f plane LI
Y parameter1: 511 hd ¥ formatl: IW
' parameter2: Iﬁ ¥ format2: Iﬁ
X parameter: m ¥ format: Hz -

¥ scale: lm X scale: Im

Plot |
QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples Plotting Parameters with the Y-Parameters Passive Network
Block

The following example specifies Y-parameters [.231, -.121; -.121, .23i]
and [.02-.131, -.02+.251; -.02+.251, .02-.131] at frequencies 2.0 GHz and
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2.1 GHz respectively. It uses the MATLAB cat function to create the
2-by-2-by-2 Y-parameters array.

cat(3,[.23i,-.12i;-.121,.23i],...
[.02-.131,-.02+.25i;-.02+.251, .02-.13i])

1 Type the following command at the MATLAB prompt to create a
variable called yparams that stores the values of the Y-parameters.

yparams = cat(3,[.231i,-.12i;-.12i,.231i],...
[.02-.131i,-.02+.251;-.02+.251, .02-.131i])

2 Set the Y-Parameters Passive Network block parameters on the
Main tab as follows:

® Set the Y-Parameters parameter to yparams.
® Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.

E! Block Parameters: Y-Parameters Passive Netwa ll

“r-Parameters Passive MNetwork

Two-port pagsive network described by the frequency-dependent v-Parameters

[242%M array], and the Frequency [wectar of length M]. M iz the number of
frequencies.

[rata interpolation is uged during simulation.

I YWisualization |

*r-Parameters: Iyparams
Frequency [Hz]: |[2.DES,2.1 ed]
Interpolation method:l Linear LI

QK I Cancel Help Apply
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3 Set the Y-Parameters Passive Network block parameters on the
Visualization tab as follows:

® In the Source of frequency data list, select User-specified.

e Set the Frequency data (Hz) parameter to
[1.9e9:1.0e8:2.2¢e9].

¢ In the Plot type list, select Polar plane.

[C1Block Parameters: Y-Parameters Passive Networle x|

-Parameters Passive Metwork:

Twio-port pazzive network described by the frequency-dependent 'v-Parameters [2x2xkd
array). and the Frequency [vector of length M), M is the number of frequencies.

D ata interpalation is used during simulation.

Main  Yisualization |

Source of frequency data: IUser-specified ;I
Frequency data [Hz): |[1 9e5:1.0e8:2 2e9]

Fieference impedance [ohms): |50
Flat type: IF'DIar plane LI
' parameterl: |S11 l Y formatl: IMagnitude [decibels] vl

-
' parameters: I - l Y format: I - l
 parameter. IFreq - l * format; Hz -

' scale: ILinear VI K scale: ILinear VI
Flat |

QK. I Cancel | Help | Apply |

Click Plot. This action creates a polar plane plot of the S,;
parameters in the frequency range 1.9 to 2.2 GHz.
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) untitled,/¥-Parameters Passive Network (=] ]
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= &0
90

! Sy

See Also General Circuit Element, General Passive Network, Output Port,
S-Parameters Passive Network, Z-Parameters Passive Network

y2s (RF Toolbox)
interpl (MATLAB)
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Purpose

Library

Description

2-254

Z-Paramaters
Amplifier

Model nonlinear amplifier using Z-parameters
Amplifiers sublibrary of the Physical library

The Z-Parameters Amplifier block models the nonlinear amplifier
described in the block dialog box, in terms of its frequency-dependent
Z-parameters, the frequencies of the Z-parameters, noise data, and
nonlinearity data

Network Parameters

In the Z-Parameters field of the block dialog box, provide the
Z-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the Z-parameters as an
M-element vector. The elements of the frequencies vector must be in
the same order as the Z-parameters. All frequencies must be positive.
For example, the following figure shows the correspondence between
the Z-parameters array and the vector of frequencies.

I-pamameters . _ -
RN 8 Ty
—= —
Zyy | Zy2 1 2
IR s
Loy | Zag -t ‘
% Ffo_ Frequendies

f1

The Z-Parameters Amplifier block uses the RF Toolbox z2s function
to convert the Z-parameters to S-parameters, and then interpolates
the resulting S-parameters to determine their values at the modeling
frequencies. See “SimRF Equivalent Baseband Algorithms” for more
details.
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Nonlinearity

You can introduce nonlinearities into your model by specifying
parameters in the Nonlinearity Data tab of the Z-Parameters
Amplifier block dialog box. Depending on which of these parameters

you specify, the block computes up to four of the coefficients ¢; , c3, cs,

and c; of the polynomial

2 4 6
Fayriam(s) =cis+cgls|”s+esls| s+eqls| s
that determines the AM/AM conversion for the input signal s. The

block automatically calculates ¢;, the linear gain term. If you do not
specify additional nonlinearity data, the block operates as a linear
amplifier. If you do, the block calculates one or more of the remaining
coefficients as the solution to a system of linear equations, determined
by the following method.

1 The block checks whether you have specified a value other than Inf
for:

® The third-order intercept point (OIP3 or IIP3).
® The output power at the 1-dB compression point (Pygp oy )-

® The output power at saturation ( Py oyt )-

In addition, if you have specified Py ,,;, the block uses the value for

the gain compression at saturation (GCy,; ). Otherwise, GCy,; is not
used. You define each of these parameters in the block dialog box,
on the Nonlinearity Data tab.

2 The block calculates a corresponding input or output value for the
parameters you have specified. In units of dB and dBm,
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Psat,out +GCyq = Psat,in +Gyy,

P1aB.out *1=Pigp in + Giin
OIP3 = IIP3 +Gy;,

where Gy, is c¢; in units of dB.

The block formulates the coefficients c3, c5, and c;, where
applicable, as the solutions to a system of one, two, or three linear
equations. The number of equations used is equal to the number
of parameters you provide. For example, if you specify all three
parameters, the block formulates the coefficients according to the
following equations:

\/Psat,out =G \/Psat,in +c3 (\/ Psat,in )3 +¢5 (\/ Psat,in )5 +cr (\l Psat,in )
JPuaBout = 1\Papin + 3 (Pras,in )3 + 5 (Prap,in )5 +c7(\Pras,in )7

0 =C—1+03
IIP3

The first two equations are the evaluation of the polynomial

7

Faprrapm(s) at the points (\/Psat,in’\/Psat,out) and

(\/PldB,in’\/PldB,out)’ expressed in linear units (such as W
or mW) and normalized to a 1-Q impedance. The third equation is
the definition of the third-order intercept point.

The calculation omits higher-order terms according to the available
degrees of freedom of the system. If you specify only two of the
three parameters, the block does not use the equation involving the

parameter you did not specify, and eliminates any c; terms from
the remaining equations. Similarly, if you provide only one of the
parameters, the block uses only the solution to the equation involving

that parameter and omits any c5 or c¢; terms.
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If you provide vectors of nonlinearity and frequency data, the block
calculates the polynomial coefficients using values for the parameters
interpolated at the center frequency.

Active Noise

You can specify active block noise in one of the following ways:

® Spot noise data in the Z-Parameters Amplifier block dialog box.

® Noise figure, noise factor, or noise temperature value in the
Z-Parameters Amplifier block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.
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L
Dialog Main Tab
Box
x

—Z-Parameters Amplifier

Manlinear amplifier described by frequency-dependent Z-Parameters, noize data, and
honlinearity data.

Use the kain tab to specify a 2424k array of Z-Parameters and an M-element vector of
the corresponding frequency values.

Lze the Moize D ata tab to specify amplifier noise information.
Use the Manlinearity Data tab to specify amplifier nonlinearity information.

Data interpolation is uzed during simulation.

I Moize Data | Monlinearity Data | WisLialization

Z-Parameters: J[50.0:100,50]
Frequency [Hz): |2.De9

Interpolation method: I Linear LI

ak. I Cancel | Help | Apply |

Z-Parameters

Z-parameters for a nonlinear amplifier in a 2-by-2-by-M array. M
1s the number of Z-parameters.

Frequency (Hz)
Frequencies of the Z-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Z-parameters in Z-Parameters. All frequencies must be positive.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.
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Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation

Noise Data Tab

"] Block Parameters: Z-Parameters Amplifier |

— Z-Parameters Amplifier

RF amplifier described by frequency-dependent Z-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify @ 2x2xM array of Z-Parameters and an M-element vector of the
carresponding frequency values.

Use the MNoise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the Moise Data tab accepts a separate M-element vector of the corresponding
frequency values.

Use the Nonlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate M-glement vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main MNoise Data Monlinearity Data I Visualization I

Moise type: Il‘-loise figure LI

Moise figure (dB): IIII

Minimum noise figure (dB): IIII

Optimal reflection coefficient: I 1-+0i

Equivalent normalized noise resistance: I 1

Moise factor: I 1

Maize temperature (K): IIII

Frequency (Hz): I 2.0e2

Ok I Cancel Help Apply
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Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio or vector of ratios, in decibels, of the available
signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N ). This
parameter is enabled if Noise type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio or vector of minimum ratios of the
available signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N ). This
parameter is enabled if Noise type is set to Spot noise data.

Optimal reflection coefficient
Optimal amplifier source impedance. This parameter is enabled
if Noise type is set to Spot noise data. The value can be a
scalar or vector.

Equivalent normalized resistance
Resistance or vector of resistances normalized to the resistance
value or values used to take the noise measurement. This
parameter is enabled if Noise type is set to Spot noise data.

Noise factor
Scalar ratio or vector of ratios of the available signal-to-noise
power ratio at the input to the available signal-to-noise power
ratio at the output, (S,/N,))/(S,/N,). This parameter is enabled if
Noise type is set to Noise factor.

Noise temperature (K)
Equivalent temperature or vector of temperatures that produce
the same amount of noise power as the amplifier. This parameter
is enabled if Noise type is set to Noise temperature.
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Frequency (Hz)
Scalar value or vector corresponding to the domain of frequencies
over which you are specifying the noise data. If you provide a
scalar value for your noise data, the block ignores the Frequency
(Hz) parameter and uses the noise data for all frequencies. If
you provide a vector of values for your noise data, it must be
the same size as the vector of frequencies. The block uses the
Interpolation method specified in the Main tab to interpolate
noise data.
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Nonlinearity Data Tab

] Block Parameters: Z-Parameters Amplifier |

— Z-Parameters Amplifier

RF amplifier described by frequency-dependent Z-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Z-Parameters and an M-element vector of the
corresponding frequency values.

Use the Noise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the Moise Data tab accepts a separate M-element vector of the corresponding
frequency values.

Use the Nonlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main | NoseData  Monlinesrity Data I visualization |
IP3 type: Jore3 x|

1P3 {dEm): |inf

1dB gain compression power (dBm): Iinf

Qutput saturation power {dBm): Iinf

Gain compression at saturation (dB): I 3

Frequency (Hz): I 2,022

QK I Cancel Help Apply

IP3 type
Type of third-order intercept point. The value can be IIP3 (input

intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.

2-262



Z-Parameters Amplifier

IP3 (dBm)
Value of third-order intercept point. This parameter is disabled if
the data source contains power data or IP3 data. Use the default
value, Inf, if you do not know the IP3 value. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

1 dB gain compression power (dBm)

Output power value (P 4p o, ) at which gain has decreased by 1
dB. This parameter is disabled if the data source contains power
data or 1-dB compression point data. Use the default value, Inf, if
you do not know the 1-dB compression point. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

Output saturation power (dBm)

Output power value ( Py, o) that the amplifier produces when
fully saturated. This parameter is disabled if the data source
contains output saturation power data. Use the default value,
Inf, if you do not know the saturation power. If you specify
this parameter, you must also specify the Gain compression
at saturation (dB). This parameter can be a scalar (to specify
frequency-independent nonlinearity data) or a vector (to specify
frequency-dependent nonlinearity data).

Gain compression at saturation (dB)

Decrease in gain (GC,,; ) when the power is fully saturated. The
block ignores this parameter if you do not specify the Output
saturation power (dBm). This parameter can be a scalar (to
specify frequency-independent nonlinearity data) or a vector (to
specify frequency-dependent nonlinearity data).

Frequency (Hz)
Scalar or vector value of frequency points corresponding to the
third-order intercept and power data. This parameter is disabled
if the data source contains power data or IP3 data. If you use a
scalar value, the IP3 (dBm), 1 dB gain compression power
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(dBm), and Output saturation power (dBm) parameters must
all be scalars. If you use a vector value, one or more of the IP3
(dBm), 1 dB gain compression power (dBm), and Output
saturation power (dBm) parameters must also be a vector.

Visualization Tab

"] Block Parameters: Z-Parameters Amplifier |

— Z-Parameters Amplifier

RF amplifier described by frequency-dependent Z-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify @ 2x2xM array of Z-Parameters and an M-element vector of the
carresponding frequency values.

Use the MNoise Data tab to specify amplifier noise information. For a frequency-dependent
noise, the Moise Data tab accepts a separate M-element vector of the corresponding
frequency values.

Use the Nonlinearity Data tab to specify amplifier nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate M-glement vector of
the corresponding frequency values.

Data interpolation is used during simulation.

Main Moise Data I Monlinearity Data Visualization

Source of frequency data: ISame as the Z-Parameters LI

Frequency data (Hz): |[1.9e9: 1.0e8:2.2e9]

Reference impedance {(ohms): I 50

Plot type: I}(-’T’ plane LI
Y parameter 1: 511 - ' format 1; IW
Y parameter2: Iﬁ ' format2: Iﬁ
X parameter: m ¥ format: Hz -
¥ scale: lm ¥ scale: Im

Plot |
Ok I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.
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Examples

Plotting Parameters with the Z-Parameters Amplifier Block

The following example specifies Z-parameters [12.60+3.801, 3.77-0.171;
80.02+54.681, 26.02+3.841] and [15.12+3.551, 4.14-0.921; 92.10+23.671,
27.59+2.711] at frequencies 2.0 GHz and 2.1 GHz respectively. It uses
the MATLAB cat function to create the 2-by-2-by-2 Z-parameters array.

cat(3,...
[12.60+3.80i, 3.77-0.17i; 80.02+54.68i, 26.02+3.841i],...
[15.12+3.55i, 4.14-0.921i; 92.10+23.67i, 27.59+2.711i])

1 Type the following command at the MATLAB prompt to create a
variable called zparams that stores the values of the Z-parameters.

zparams = cat(3,...
[12.60+3.80i, 3.77-0.171i; 80.02+54.681i, 26.02+3.84i],...
[15.12+3.551, 4.14-0.92i; 92.10423.671i, 27.59+2.711i])

2 Set the Z-Parameters Amplifier block parameters on the Main tab
as follows:

® Set the Z-Parameters parameter to zparams.

¢ Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.
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[C1Block Parameters: 2-Parameters Amplifier |

—Z-FParameters Amplifier
Monlinear amplifier described by frequency-dependent Z-Parameters, noise data, and
nonlinearity data.

Llze the kain tab to specify a 2x2xhkd array of Z-Parameters and an k-element vector of
the comesponding frequency values.

Uze the Moize D ata tab to specify amplifier noise infarmation.
Use the Monlinearity D'ata tab to specify amplifier nonlinearity information.

Data interpolation iz used during simulation.

Main INoise Data | Monlinearity Data | Visualization

Z-Parameters: Izparams
Frequency [Hz): |[2.|389,2.1 ed]
Interpolation methad: I Lirear LI

Apply |

ak I Cancel

3 Set the Z-Parameters Amplifier block parameters on the
Visualization tab as follows:

¢ In the Source of frequency data list, select User-specified.

e Set the Frequency data (Hz) parameter to
[1.9€9:1.0e8:2.2e9].

¢ In the Plot type list, select X-Y plane.
¢ In the Y parameterl list, select S11.
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[Z1Block Parameters: Z-Parameters Amplifier

— Z-Parameters Amplifier

nonlinearnity data.

the comesponding frequency values.

Use the Maize Data tab to specify amplifier noize information.

D ata interpolation iz used during simulation.

Monlinear amplifier dezcribed by frequency-dependent Z-Parameters, noige data, and

Uze the Main tab to specify a 242wk array of Z-Parameters and an M-element vectar of

Usge the Monlinearity Data tab to specify amplifier nonlinearity information.

Main | Moise Data I Morlinearity Data  Vizsualization

Source of frequency data: IUser-specified LI
Frequency data [Hz): |[1 9e58:1.0e8:2 2e4]

Reference impedance [ohms]: ISD

Plat type: IX-Y plane LI

't parameterl: 1 - ' farmatl: IW

' parameterd: I VI Y format:
¥ parameter: IFreq vl # format;

Y scals: Linear > | X scale

Ok I Cancel |

Help | Aoply |

Click Plot. This action creates an X-Y Plane plot of the S,

parameters in the frequency range

1.9 to 2.2 GHz.
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-} untitled/2-Parameters Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= &0
2.8 T T T T T
g
1.9 1.95 2 2.05 2.1 215 2.2 2.25
Freq [GHz]
See Also General Amplifier, Output Port, S-Parameters Amplifier, Y-Parameters
Amplifier

z2s (RF Toolbox)
interpl (MATLAB)
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Purpose

Library

Description

&

&

i

Model mixer and local oscillator using Z-parameters
Mixer sublibrary of the Physical library

The Z-Parameters Mixer block models the nonlinear mixer described in
the block dialog box in terms of its frequency-dependent Z-parameters,
the frequencies of the Z-parameters, noise data (including phase noise

data), and nonlinearity data.

Network Parameters
The Z-parameter values all refer to the mixer input frequency.

The Z-Parameters Mixer block uses the RF Toolbox z2s function to
convert the Z-parameters to S-parameters and then interpolates the
resulting S-parameters to determine their values at the modeling
frequencies. See “SimRF Equivalent Baseband Algorithms” for more
details.

SimRF Equivalent Baseband software computes the reflected wave at

the mixer input (b;) and at the mixer output (by) from the interpolated
S-parameters as

|:b1(fin):|:[sll 312}[%(}%)]
bo(four)| [S21 Sag || ao(four)
where

o fin and fout are the mixer input and output frequencies, respectively.

® @; and ay are the incident waves at the mixer input and output,
respectively.

The interpolated S,; parameter values describe the conversion gain as a
function of frequency, referred to the mixer input frequency.

Active Noise

You can specify active block noise in one of the following ways:
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® Spot noise data in the Z-Parameters Mixer block dialog box.

® Noise figure, noise factor, or noise temperature value in the
Z-Parameters Mixer block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Phase Noise

The Z-Parameters Mixer block applies phase noise to a complex

baseband signal. The block first generates additive white Gaussian
noise (AWGN) and filters the noise with a digital FIR filter. It then
adds the resulting noise to the angle component of the input signal.

The blockset computes the digital filter by:

1 Interpolating the specified phase noise level to determine the phase
noise values at the modeling frequencies.

2 Taking the IFFT of the resulting phase noise spectrum to get the
coefficients of the FIR filter.

Note If you specify phase noise as a scalar value, the blockset assumes
that the phase noise is the phase noise is constant at all modeling
frequencies and does not have a 1/f slope. This assumption differs from
that made by the Mathematical Mixer block.

Nonlinearity

You can introduce nonlinearities into your model by specifying
parameters in the Nonlinearity Data tab of the Z-Parameters Mixer
block dialog box. Depending on which of these parameters you specify,

the block computes up to four of the coefficients ¢, c3, ¢5, and c; of
the polynomial
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Faprran(s) =cis+c3 |s|2 s+cs |s|4 s+cq |s|6 s
that determines the AM/AM conversion for the input signal s. The

block automatically calculates c;, the linear gain term. If you do not
specify additional nonlinearity data, the block operates as a mixer
with a linear gain. If you do, the block calculates one or more of the
remaining coefficients as the solution to a system of linear equations,
determined by the following method.

1 The block checks whether you have specified a value other than Inf
for:

¢ The third-order intercept point (OIP3 or IIP3).
® The output power at the 1-dB compression point (Py4p oy )-

* The output power at saturation (Pyys oy )-

In addition, if you have specified Py, ., , the block uses the value for

the gain compression at saturation (GCy,; ). Otherwise, GCy,; is not
used. You define each of these parameters in the block dialog box,
on the Nonlinearity Data tab.

2 The block calculates a corresponding input or output value for the
parameters you have specified. In units of dB and dBm,

Psat,out + Gcsat = Psat,in + Glin
PraB out +1=Prap in + Glin
OIP3 = IIP3 + Gy,

where Gy;, is ¢; in units of dB.

3 The block formulates the coefficients c3, c5, and c;, where
applicable, as the solutions to a system of one, two, or three linear
equations. The number of equations used is equal to the number
of parameters you provide. For example, if you specify all three
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parameters, the block formulates the coefficients according to the
following equations:

3 5 7
\/Psat,out =0 \/Psat,in +c3 ( Psat,in ) +¢5 ( Psat,in ) +c7 ( Psat,in )

JPuaBout =1\[Piagin + s (JPiapin )3 + 5 (Prag in )5 +c7(Papin )7

G
=——+c3
1IP3

The first two equations are the evaluation of the polynomial

Fapmam() at the points ([Pyyg insfPoat,oue) and

(\/PldB,in’\/PldB,out)’ expressed in linear units (such as W
or mW) and normalized to a 1-Q impedance. The third equation is
the definition of the third-order intercept point.

The calculation omits higher-order terms according to the available
degrees of freedom of the system. If you specify only two of the
three parameters, the block does not use the equation involving the

parameter you did not specify, and eliminates any ¢; terms from
the remaining equations. Similarly, if you provide only one of the
parameters, the block uses only the solution to the equation involving

that parameter and omits any c5 or c¢; terms.

If you provide vectors of nonlinearity and frequency data, the block
calculates the polynomial coefficients using values for the parameters
interpolated at the center frequency.
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Dialog
Box

Main Tab

E! Block Parameters: 2-Parameters Mixer

—Z-Parameters Mixer

Manlinear mizer described by frequency-dependent Z-Parameters, noize data, and
honlinearity data.

Use the kain tab to specify a 2424k array of Z-Parameters and an M-element vector of
the corresponding frequency values.

Llze the Moize D ata tab to specify mizer noize information.
Use the Manlinearity Data tab to specify mixer nonlinearity infarmation.

Data interpolation is uzed during simulation.

I Moize Data | Monlinearity Data | WisLialization

J[50.0:100,50]

Frequency [Hz): |2.De9

Interpolation method:l Linear LI
I Downcoreeerter LI
L0 frequency [Hz): ID.QES

Z-Parameters:

Mixer type:

o |

Cancel | Help | Apply

Z-Parameters

Z-parameters for a nonlinear mixer in a 2-by-2-by-M array. M is

the number of Z-parameters.

Frequency (Hz)

Frequencies of the Z-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Z-parameters in Z-Parameters. All frequencies must be positive.
The following figure shows the correspondence between the
Z-parameters array and the vector of frequencies.
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I-pamameters . - —
L .-__..-
Zyy | Zyo 1 Zee
R
Loy | Zao -t ‘
[ fa——— Fequendes

f1

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description
Linear (default) Linear interpolation
Spline Cubic spline interpolation
Cubic Piecewise cubic Hermite
interpolation
Mixer Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

LO frequency (Hz)
Local oscillator frequency. If you choose Downconverter, the
blockset computes the mixer output frequency, f, ., from the mixer
input frequency, f;,, and the local oscillator frequency, f,, as

fous = fin — f1- If you choose Upconverter, f, . =f. +f,.
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Note For a downconverting mixer, the local oscillator frequency
must satisfy the condition f,, — f,, > 1/(2¢,), where ¢_is the sample
time specified in the Input Port block. Otherwise, an error
appears.

Noise Data Tab

"] Block Parameters: Z-Parameters Mixer |

— Z-Parameters Mixer

RF mixer described by frequency-dependent Z-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Z-Parameters and an M-element vector of the
caorresponding frequency values.

Use the MNoise Data tab to specify mixer noise information. For & freguency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding frequency
values.

Use the Nonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of

the corresponding frequency values.

Data interpolation is used during simulation.

Main Moise Data Monlinearity Data I Visualization I

Phase noise frequency offeet (Hz): I [0.1110100]%1e3
Phase noise level (dBc/Hz): I[-?IZI -120 -140 -150]
Moise type: Il‘-loise figure LI
Moise figure (dB): IIII
Minimum noise figure (dB): IIII
Optimal reflection coefficient: I 1400
Equivalent normalized noise resistance: I i
Moise factor: I 1
Moise temperature (K): IIII
Frequency (Hz): I 2.0e9

QK I Cancel Help Apply
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Phase noise frequency offset (Hz)
Vector specifying the frequency offset.

Phase noise level (dBc/Hz)
Vector specifying the phase noise level.

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio or vector of ratios, in decibels, of the available
signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N,). This
parameter is enabled if Noise type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio or vector of minimum ratios of the
available signal-to-noise power ratio at the input to the available
signal-to-noise power ratio at the output, (S;/N)/(S,/N,). This
parameter is enabled if Noise type is set to Spot noise data.

Optimal reflection coefficient
Optimal mixer source impedance. This parameter is enabled if
Noise type is set to Spot noise data. The value can be a scalar
or vector.

Equivalent normalized resistance
Resistance or vector of resistances normalized to the resistance
value or values used to take the noise measurement. This
parameter is enabled if Noise type is set to Spot noise data.

Noise factor
Scalar ratio or vector of ratios of the available signal-to-noise
power ratio at the input to the available signal-to-noise power
ratio at the output, (S,/N,)/(S,/N,). This parameter is enabled if
Noise type is set to Noise factor.
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Noise temperature (K)
Equivalent temperature or vector of temperatures that produce
the same amount of noise power as the mixer. This parameter is
enabled if Noise type is set to Noise temperature.

Frequency (Hz)
Scalar value or vector corresponding to the domain of frequencies
over which you are specifying the noise data. If you provide a
scalar value for your noise data, the block ignores the Frequency
(Hz) parameter and uses the noise data for all frequencies. If
you provide a vector of values for your noise data, it must be
the same size as the vector of frequencies. The block uses the
Interpolation method specified in the Main tab to interpolate
noise data.
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Nonlinearity Data Tab

"] Block Parameters: Z-Parameters Mixer |

— Z-Parameters Mixer

RF mixer described by frequency-dependent Z-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Z-Parameters and an M-element vector of the
caorresponding frequency values.

Use the MNoise Data tab to specify mixer noise information. For & freguency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding frequency
values.

Use the Nonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of

the corresponding frequency values.

Data interpolation is used during simulation.

Main | NoiseDats  Monlinearity Data I visualization |
IP3 type: jorr3 x|

1P3 (dBm): |inf

1dB gain compression power {dBm): Iimc

Qutput saturation power {dBm): Iinf

Gain compression at saturation (dB): I 3

Frequency (Hz): I 2.0e9

QK I Cancel Help Apply

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.
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IP3 (dBm)
Value of third-order intercept point. This parameter is disabled if
the data source contains power data or IP3 data. Use the default
value, Inf, if you do not know the IP3 value. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

1 dB gain compression power (dBm)

Output power value (P 4p o, ) at which gain has decreased by 1
dB. This parameter is disabled if the data source contains power
data or 1-dB compression point data. Use the default value, Inf, if
you do not know the 1-dB compression point. This parameter can
be a scalar (to specify frequency-independent nonlinearity data)
or a vector (to specify frequency-dependent nonlinearity data).

Output saturation power (dBm)

Output power value (Pyy oy ) that the mixer produces when fully
saturated. This parameter is disabled if the data source contains
output saturation power data. Use the default value, Inf, if you do
not know the saturation power. If you specify this parameter, you
must also specify the Gain compression at saturation (dB).
This parameter can be a scalar (to specify frequency-independent
nonlinearity data) or a vector (to specify frequency-dependent
nonlinearity data).

Gain compression at saturation (dB)

Decrease in gain (GC,,; ) when the power is fully saturated. The
block ignores this parameter if you do not specify the Output
saturation power (dBm). This parameter can be a scalar (to
specify frequency-independent nonlinearity data) or a vector (to
specify frequency-dependent nonlinearity data).

Frequency (Hz)
Scalar or vector value of frequency points corresponding to the
third-order intercept and power data. This parameter is disabled
if the data source contains power data or IP3 data. If you use a
scalar value, the IP3 (dBm), 1 dB gain compression power
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(dBm), and Output saturation power (dBm) parameters must
all be scalars. If you use a vector value, one or more of the IP3
(dBm), 1 dB gain compression power (dBm), and Output
saturation power (dBm) parameters must also be a vector.

Visualization Tab

"] Block Parameters: Z-Parameters Mixer |

— Z-Parameters Mixer

RF mixer described by frequency-dependent Z-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of Z-Parameters and an M-element vector of the
caorresponding frequency values.

Use the MNoise Data tab to specify mixer noise information. For & freguency-dependent noise,
the Moise Data tab accepts a separate M-element vector of the corresponding frequency
values.

Use the Nonlinearity Data tab to specify mixer nonlinearity information. For a frequency-
dependent nonlinearity, the Nonlinearity Data tab accepts a separate N-element vector of

the corresponding frequency values.

Data interpolation is used during simulation.

Main MNoise Data I Monlinearity Data visualization

Source of frequency data: ISame as the Z-Parameters LI

Frequency data (Hz): I [125:128:2.929]

Reference impedance {ohms): I 50

Plot type: I& - plane LI
Y parameter 1: 511 hd ' format1: IW
Y parameter2: Iﬁ Y format2: Iﬁ
X parameter: m ¥ format: Hz -

¥ scale: m % scale: Im

Plot |
QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.
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See Also General Mixer, Output Port, S-Parameters Mixer, Y-Parameters Mixer
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Purpose
Library

Description

2-282

]

Model passive network using Z-parameters
Black Box Elements sublibrary of the Physical library

The Z-Parameters Passive Network block models the two-port passive
network described in the block dialog box, in terms of its Z-parameters
and their associated frequencies.

In the Z-Parameters field of the block dialog box, provide the
Z-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the Z-parameters as an
M-element vector. The elements of the vector must be in the same order
as the Z-parameters. All frequencies must be positive. For example, the
following figure shows the correspondence between the Z-parameters
array and the vector of frequencies.

I-pommeters . _ —
aray N E#
\\ i - 414 12
#'_,
Zyy | Zyo Zo
I,
Zoy | Zgg et
fa— Frequendes
fa
f1

The Z-Parameters Passive Network block uses the RF Toolbox z2s
function to convert the Z-parameters to S-parameters, and then
interpolates the resulting S-parameters to determine their values at the
modeling frequencies. The modeling frequencies are determined by
the Output Port block. See “SimRF Equivalent Baseband Algorithms”
for more details.
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L
Dialog Main Tab
Box

Z-Parameters Pazsive Network

Two-port passive network. described by the frequency-dependent Z-Parameters [222xh
array). and the Frequency [vectar of length M), M iz the number of frequencies.

Data interpolation is used during simulation.

I Yisualization I

Z-Parameters: I[50,D:1 00.50]
Frequency [Hz]: IZ.DES

Interpolation method: I Linear LI

QK I Cancel Help | Apply |

Z-Parameters

Z-parameters for a two-port passive network in a 2-by-2-by-M
array. M is the number of Z-parameters.

Frequency (Hz)

Frequencies of the Z-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Z-parameters in Z-Parameters. All frequencies must be positive.

Interpolation method

The method used to interpolate the network parameters. The
following table lists the available methods describes each one.
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Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation

Visualization Tab

= Block Parameters: Z-Parameters Passive Network x|

Z-Parameters Passive Metwork

Two-port passive network described by the frequency-dependent Z-Parameters {2x2xM
array), and the Frequency (vector of length M). M is the number of frequendies.

Data interpolation is used during simulation.

Main Visualization |

Source of frequency data: ISame as the Z-Parameters LI

Frequency data (Hz): |[1.9e9: 1.0e6:2.229]

Reference impedance {ohms): I 50

Plot type: I& - plane LI
Y parameter 1: 511 hd ' format1: IW
Y parameter2: Iﬁ Y format2: Iﬁ
¥ parameter: m ¥ format: Hz -

¥ scale: lm ¥ scale: Im

Plot |
QK I Cancel | Help | Apply |

For information about plotting, see “Create Plots”.

Examples Plotting Parameters with the Z-Parameters Passive Network
Block

The following example specifies Z-parameters [0.13 - 5.931, .03-3.161;
0.03-3.161, .13-5.93i] and [0.27-2.86i, -.09-5.41i; -.09-5.41i, .27-2.86i] at
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frequencies 2.0 GHz and 2.1 GHz respectively. It uses the MATLAB cat
function to create the 2-by-2-by-2 Z-parameters array.

cat(3,[0.13-5.931, .03-3.16i; 0.03-3.16i, .13-5.93i],...
[0.27-2.86i,-.09-5.41i; -.09-5.41i, .27-2.86i])

1 Type the following command at the MATLAB prompt to create a
variable called zparams that stores the values of the Z-parameters.

zparams = cat(3,...
[0.13-5.931,.03-3.161i; 0.03-3.161,.13-5.931],...
[0.27-2.861,-.09-5.411i; -.09-5.411,.27-2.861i])

2 Set the Z-Parameters Passive Network block parameters on the
Main tab as follows:

® Set the Z-Parameters parameter to zparams.

* Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.

E! Block Parameters: Z2-Parameters Passive Networ ﬂ

Z-Parameters Passive MNetwork

Two-port pazsive network described by the frequency-dependent Z-Farameters [2x2xbd
array], and the Frequency [vector of length k] M is the number of frequencies.

[rata interpolation is uged during simulation.

I YWisualization |

Z-Parameters: Izparams
Frequency [Hz]: |[2.DES,2.1 ed]
Interpolation method:l Linear LI

QK I Cancel Help Apply
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3 Set the Z-Parameters Passive Network block parameters on the
Visualization tab as follows:

® In the Source of frequency data list, select User-specified.

e Set the Frequency data (Hz) parameter to
[1.9e9:1.0e8:2.2¢e9].

¢ In the Y parameterl list, select S12.

[Z1Block Parameters: Z-Parameters Passive Networle x|

Z-Parameters Passive Metwork.

Two-port pazzive network described by the frequency-dependent 2-Farameters [2x2xkd
array). and the Frequency [vector of length M), M is the number of frequencies.

D ata interpalation is used during simulation.

Main  Yisualization |

Source of frequency data: IUser-specified ;I
Frequency data [Hz): |[1 9e5:1.0e8:2 2e9]

Fieference impedance [ohms): |50
Flat type: IX-Y plane LI
' parameterl: Im Y formatl: W
' parameters: Iﬁ Y format: lﬁ
 parameter. m * format; Hz -

't scale: lm * zcale: lm

Flat |

QK. I Cancel | Help | Apply |

Click Plot. This action creates an X-Y plane plot of the S,
parameters in the frequency range 1.9 to 2.2 GHz.
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See Also

<) untitled;/2-Parameters Passive Network - |EI|1|
File Edit Wiew Insert Tools Desktop Window Help N

Ded& h|RaM®|(E| 0B 5O

0= &0

Magnitude (decibels)

1.9 1.85 2 2.05 21 215 2.2 2.25
Freq [GHz]

General Circuit Element, General Passive Network, Output Port,
S-Parameters Passive Network, Y-Parameters Passive Network

z2s (RF Toolbox)
interp1 ( MATLAB)
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A

active noise
General Amplifier block 2-41
General Mixer block 2-61
S-Parameters Amplifier block 2-158
S-Parameters Mixer block 2-171
Y-Parameters Amplifier block 2-223
Y-Parameters Mixer block 2-235
Z-Parameters Amplifier block 2-257
Z-Parameters Mixer block 2-269
amplifier
modeling from file data 2-52
modeling from rfdata object 2-39
Amplifier block 1-2 2-2
example 2-13
modeling nonlinearity 2-2
methods 2-5
sample time comparison 2-10
thermal noise simulation 2-9
See also General Amplifier block

Bandpass RF Filter block 2-16
sample time comparison 2-17
Bandstop RF Filter block 2-20
sample time comparison 2-21
baseband-equivalent time domain
modeling 2-134
linear subsystem 2-134
nonlinear subsystem 2-138
Bessel filter design
Bandpass RF Filter block 2-16
Bandstop RF Filter block 2-20
Highpass RF Filter block 2-83
Lowpass RF Filter block 2-121
Butterworth filter design
Bandpass RF Filter block 2-16
Bandstop RF Filter block 2-20
Highpass RF Filter block 2-83

Lowpass RF Filter block 2-121

C

Capacitor block 1-20
Chebyshev I filter design
Bandpass RF Filter block 2-16
Bandstop RF Filter block 2-20
Highpass RF Filter block 2-83
Lowpass RF Filter block 2-121
Chebyshev II filter design
Bandpass RF Filter block 2-16
Bandstop RF Filter block 2-20
Highpass RF Filter block 2-83
Lowpass RF Filter block 2-121
circuit element
modeling from rfckt object 2-57
Coaxial Transmission Line block 2-24
shunt and series stubs 2-26
stubless 2-24
Configuration block 1-22
Connection Port block 2-31
connector blocks
Connection Port 2-31
Input Port 2-87
Output Port 2-134
Continuous Wave block 1-28
Coplanar Waveguide Transmission Line
block 2-33
shunt and series stubs 2-34
stubless 2-33

D

data consistency
General Amplifier block 2-42

Elliptic filter design
Bandpass RF Filter block 2-16
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Bandstop RF Filter block 2-20
Highpass RF Filter block 2-83
Lowpass RF Filter block 2-121

F

filter design
physical blocks
LC Lowpass Tee block 2-118
filter design mathematical blocks
Bandpass RF Filter block 2-16
Bandstop RF Filter block 2-20
Highpass RF Filter block 2-83
Lowpass RF Filter block 2-121
filter design physical blocks
LC Bandpass Pi block 2-93
LC Bandpass Tee block 2-100
LC Bandstop Pi block 2-103
LC Bandstop Tee block 2-106
LC Highpass Pi block 2-109
LC Highpass Tee block 2-112
LC Lowpass Pi block 2-115

G

General Amplifier block 2-39
active noise 2-41
generating from file data 2-52
nonlinearity 2-39
operating conditions 2-42
See also Amplifier block
General Circuit Element block 2-56
generating from rfckt object 2-57
General Mixer block 2-61
active noise 2-61
nonlinearity 2-63
operating conditions 2-65
phase noise 2-62
See also Mixer block
General Passive Network block 2-77

Index-2

generating from file data 2-79
Ghorbani model 2-8
Ground block 1-32

H

Highpass RF Filter block 2-83
sample time comparison 2-84

Impedance block 1-33 1-37
Inductor block 1-39
Inport block 1-34

Input Port block 2-87

parameter input for physical subsystem 2-87

sample time comparison 2-87
See also Output Port block

L
ladder filters

example to filter Gaussian noise 2-95

LC Bandpass Pi block 2-93

example to filter Gaussian noise 2-95

LC Bandpass Tee block 2-100

LC Bandstop Pi block 2-103

LC Bandstop Tee block 2-106

LC Highpass Pi block 2-109

LC Highpass Tee block 2-112

LC Ladder block 1-41

LC Lowpass Pi block 2-115

LC Lowpass Tee block 2-118

Lowpass RF Filter block 2-121
sample time comparison 2-122

M

Microstrip Transmission Line block 2-125

shunt and series stubs 2-126
stubless 2-125
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Mixer block 1-46 2-131
See also General Mixer block
modeling
amplifier from file data 2-52
amplifier from rfdata object 2-39
baseband-equivalent time domain 2-134
circuit element from rfckt object 2-57
passive network from file data 2-79
Mutual Inductor block 1-54

noise
active
General Amplifier block 2-41
General Mixer block 2-61
S-Parameters Amplifier block 2-158
S-Parameters Mixer block 2-171
Y-Parameters Amplifier block 2-223
Y-Parameters Mixer block 2-235
Z-Parameters Amplifier block 2-257
Z-Parameters Mixer block 2-269
phase
General Mixer block 2-62
S-Parameters Mixer block 2-171
Y-Parameters Mixer block 2-236
Z-Parameters Mixer block 2-270
Noise block 1-57
nonlinearity
Amplifier block 2-2
General Amplifier block 2-39
General Mixer block 2-63
S-Parameters Amplifier block 2-156
S-Parameters Mixer block 2-171
Y-Parameters Amplifier block 2-221
Y-Parameters Mixer block 2-236
Z-Parameters Amplifier block 2-255
Z-Parameters Mixer block 2-270

o

operating conditions
General Amplifier block 2-42
General Mixer block 2-65

Outport block 1-61

Output Port block 2-134
baseband-equivalent time domain

modeling 2-134

plotting RF subsystem parameters 2-142
See also Input Port block

P

Parallel-Plate Transmission Line block 2-143
shunt and series stubs 2-145
stubless 2-143

parameter input
to physical subsystem 2-87

passive network
modeling from file data 2-79

phase noise
General Mixer block 2-62
S-Parameters Mixer block 2-171
Y-Parameters Mixer block 2-236
Z-Parameters Mixer block 2-270

Phase Shift block 1-65

physical subsystem
parameter input for 2-87

plots
RF subsystem parameters 2-142

Rapp model 2-9
Resistor block 1-67
rfckt object

modeling general circuit element 2-56
rfdata object

modeling nonlinear amplifier 2-39
RLCG Transmission Line block 2-150
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shunt and series stubs 2-151
stubless 2-150

S

S-Parameters Amplifier block 2-156
active noise 2-158
nonlinearity 2-156
S-Parameters block 1-69
S-Parameters Mixer block 2-170
active noise 2-171
nonlinearity 2-171
phase noise 2-171
S-Parameters Passive Network block 2-183
Saleh model 2-7
Series C block 2-190
Series L block 2-192
Series R block 2-194
Series RLC block 2-196
Shunt C block 2-199
Shunt L block 2-201
Shunt R block 2-203
Shunt RLC block 2-205
Signal Combiner block 1-79
Sinusoid block 1-80
stubless transmission lines
Coaxial Transmission Line block 2-24
Coplanar Waveguide Transmission Line
block 2-33
Microstrip Transmission Line block 2-125
Parallel-Plate Transmission Line block 2-143
RLCG Transmission Line block 2-150
Transmission Line block 2-208
Two-Wire Transmission Line block 2-214
stubs (shunt and series)
Coaxial Transmission Line block 2-26
Coplanar Waveguide Transmission Line
block 2-34
Microstrip Transmission Line block 2-126
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Parallel-Plate Transmission Line block 2-145
RLCG Transmission Line block 2-151
Transmission Line block 2-209

Two-Wire Transmission Line block 2-216

T

Three-Winding Transformer block 1-84

time-domain modeling
baseband-equivalent 2-134

Transmission Line block 1-87 2-208
shunt and series stubs 2-209
stubless 2-208

Two-Wire Transmission Line block 2-214
shunt and series stubs 2-216
stubless 2-214

Y

Y-Parameters Amplifier block 2-221
active noise 2-223
nonlinearity 2-221
Y-Parameters Mixer block 2-235
active noise 2-235
nonlinearity 2-236
phase noise 2-236
Y-Parameters Passive Network block 2-248

y 4

Z-Parameters Amplifier block 2-254
active noise 2-257
nonlinearity 2-255
Z-Parameters Mixer block 2-269
active noise 2-269
nonlinearity 2-270
phase noise 2-270
Z-Parameters Passive Network block 2-282
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