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Product Overview
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RF Blockset™ software extends your Simulink® modeling environment
with a library of blocks for modeling RF systems that include RF filters,
transmission lines, amplifiers, and mixers. For more information about
creating and running Simulink models, see “Creating a Simulink Model” in
the Simulink User’s Guide.

You use RF Blockset blocks to represent the components of your RF system
in a Simulink model. The blockset provides several types of component
representations using network parameters (S, Y, Z, ABCD, H, and T format),
mathematical descriptions, and physical properties.

In the Simulink model, you cascade the components to represent your RF
architecture and run the simulation. During the simulation, the model
computes a time-domain, complex-baseband representation. This method
results in fast simulation of the quadrature modeling schemes used in modern
communication systems and enables compatibility with other Simulink blocks.

The blockset lets you visualize the network parameters of the blocks using
plots and Smith® Charts.

A validated Simulink model of an RF system can provide an executable
specification for RF circuit design for wireless communication systems.

You can also use the blockset with Real-Time Workshop® software to generate
embeddable C code for real-time execution.



Required and Related Products

Required and Related Products

In addition to MATLAB® and Simulink, you must have the following products
installed to use RF Blockset software:

¢ RF Toolbox™ — Provides MATLAB functions for defining, simulating, and
visualizing RF components.

¢ Signal Processing Toolbox™ — Provides MATLAB functions for filtering
wireless communication signals.

¢ Signal Processing Blockset™ — Provides Simulink blocks for time-domain
simulation of communication signals.

You can build sophisticated wireless communication system models by
incorporating blocks from other blocksets, such as Signal Processing Blockset
and Communications Blockset™.

The MathWorks™ provides several products that are especially relevant to
the kinds of tasks you can perform with RF Blockset software. The following
table summarizes the related products and describes how they complement
the features of this product.

Product Description

Communications Blockset Simulink blocks for time-domain
simulation of modulation and
demodulation of a wireless
communications signal.

Communications Toolbox™ MATLAB functions for signal
modulation and demodulation.
Filter Design Toolbox™ MATLAB functions for filtering the

modulated communication signal.
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Product Demos

You can find interactive RF Blockset demos in the MATLAB Help browser, as
shown in the following figure.

File Edit “iew Go Favorites Deskbop Window  Help

=10l

Help Mavigator X

Search Far: I - l G0 I

Example: "plot bools" OR plok* tools

CDntents' Indexl Search Results Demos |

- | M

Title: I RF Demos

» @ Getting Started with Demos

B Simulink

- Blocksets
=B Asrospace

- W Signal Processing
=B Video and Image Processing
- g Links and Targets

RF pemos

RF Blockzet™ extends Simulink® with & library of blocks to model the behavior of radio
freguency (RF) fiters transmission lines, amplifiers, and mixers. & helps you implement
commercial and defense wirgless communication systems and their semiconductors. You
validate your wworking model in Simulink, and then use the model as an executable specification
for RF circuit design using third-party EDA tools, After circuit design, you can uze RF Blockset to
read industry-standard system-level models and verify that the design meets specification.

To design and analyze RF components in MATLABE, see also RF Toolbox™ . RF Toolbox iz one
of the product requirements of RF Blockset.

Product page at mathworks com o

Touchstone Data File for a 2-Port Bandpass E hodal
Filter

F Multiple Realizations of Cascaded Filters  [l] Model

bl

This example shows you how to locate and open an RF Blockset demo:

1 Type demos at the MATLAB prompt to open the Help browser to the
Demos tab.

2 Select Blocksets > RF in the Demos tab to see a list of demo categories.




Product Demos

3 Select a model, and click Open this model in the upper-right corner of the
demo window to display the Simulink model for this demo.

4 In the model window, select Simulation > Start to run the demo
simulation.
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RF Blockset Libraries

In this section...

“Overview of RF Blockset Libraries” on page 1-6
“Opening RF Blockset Libraries” on page 1-6
“Physical Library” on page 1-7

“Mathematical Library” on page 1-9

Overview of RF Blockset Libraries

The RF Blockset product consists of the Physical and Mathematical libraries
of components for modeling RF systems within the Simulink environment.
An RF model can contain blocks from both the Physical and Mathematical
libraries. It can also include Simulink blocks and blocks from other blocksets,
such as those described in “Required and Related Products” on page 1-3.

Opening RF Blockset Libraries
To open the main library window, type the following at the MATLAB prompt:

rflib

Each yellow icon in the window represents a library. Double-click an icon to
open the corresponding library.

E!Ijbrarv: rflibv1l - 0] x|

File Edit View Format Help

= @ B o

Mathematical Physical Demos Info

RF Blockset Library 2.5
Copyright 2003-2009 The MathWorks, Inc.




RF Blockset™ Libraries

For a discussion of the Physical and Mathematical libraries, see the following
sections.

Note The blue icons take you to the MATLAB Help browser.

® Double-click the Demos icon to open the RF Blockset demos.
® Double-click the Info icon to open the RF Blockset documentation.

Physical Library

Use blocks from the Physical library to model physical and electrical
components by specifying physical properties or by importing measured
data. The Physical library includes several sublibraries, as shown in the
following figure.

E!Librarv: rfphysmodels1 - |EI|5|
File Edit Wew Faormat Help
“w E ‘ =
T I =
| E—Jd
Ladder Series/Thunt  Transmission
Filters RLC Lines

Sn Sﬂ D
S:L Sz:
Black Box armplifiers Mixers
Elements
Input/Cutput
Ports

The following table describes the sublibraries and how to use them.
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Sublibrary

Description

Amplifiers

RF amplifiers, specified using
network parameters, noise data,
and nonlinearity data, or a data file
containing these parameters.

Ladder Filters

RF filters, specified using L.C
parameters. The software calculates
the network parameters and noise
data of the blocks from the topology
of the filter and the LC values.

Series/Shunt RLC

Series and shunt RLC components
for designing lumped element
cascades, specified using RLC
parameters. The software calculates
the network parameters and noise
data of the blocks from the topology
of the components and the RLC
values.

Mixers

RF mixers that contain local
oscillators, specified using network
parameters, noise data, and
nonlinearity data, or a data file
containing these parameters.

Transmission Lines

RF filters, specified using physical
dimensions and electrical
characteristics. The software
calculates the network parameters
and noise data of the blocks from the
specified data.




RF Blockset™ Libraries

Sublibrary Description

Black Box Passive RF components, specified
using network parameters, or a data
file containing these parameters.
The software calculates the network
parameters and noise data of the
blocks from the specified data.

Input/Output Ports Blocks for specifying simulation
information that pertains to all
blocks in a physical subsystem, such
as center frequency and sample time.

Note A physical subsystem is a
collection of one or more physical
blocks bracketed by an Input
Port block and an Output Port
block that bridge the physical and
mathematical parts of the model.

For more information on defining components, see “Specifying or Importing
Component Data” on page 2-7.

Mathematical Library

The Mathematical library contains mathematical representations of the
amplifier, mixer, and filter blocks. Use a block from the Mathematical library
to model an RF component in terms of mathematical equations that describe
how the block operates on an input signal.

Mathematical blocks assume perfect impedance matching and a nominal
impedance of 1 ohm. This means there is no loading and the power flow is
unidirectional. As such, they are similar to standard Simulink blocks. In
contrast, the physical blocks do not assume perfect matching—these blocks
model the reflections that occur between blocks. Physical blocks model
bidirectional power flow, and include loading effects. For these blocks, you

1-9
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can specify the source and load impedances using the Input Port and Output
Port blocks.

The mathematical library is shown in the following figure.

FlLibrary: rl'mathmodelsf 10l x|

File Edit Wiew Format Help

Mathematical

i

Amplifier Mizer

i e
[ S iy
T i

Bandpass RF Filter  Bandstap RF Filter

TR || T
[ S S B
LR I -

Lowvwpass RF Filter Highpass RF Filter
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Product Workflow

When you analyze an RF system using RF Blockset software, your workflow
might include the following tasks:

1 Create a Simulink model that includes RF components.
For more information , see “Modeling RF Components” on page 2-2.

2 Define component data by

® Specifying network parameters, mathematical relationships, or physical
properties

¢ Importing data from an industry-standard Touchstone® file, a
MathWorks™ AMP file, an Agilent® P2D or S2D file, or the MATLAB
workspace

The product lets you access component data in Touchstone SnP, YnP,
ZnP, HnP, and GnP formats. You can also import amplifier network
parameters and power data from a MathWorks AMP file.

For more information, see “Specifying or Importing Component Data” on
page 2-7.

3 Where applicable, add the following information to the component
definition:

¢ Operating condition values (see “Specifying Operating Conditions” on
page 2-21).

® Nonlinearity data (see “Modeling Nonlinearity” on page 2-23).
® Noise data (see “Modeling Noise” on page 2-26).

4 Validate the behavior of individual blocks by plotting component data.

Note You can plot data for individual blocks from the RF Physical library
that model physical components either before or after you run a simulation.

For more information, see “Creating Plots” on page 3-2.

1-11
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5 Run the simulation.

For more information on how the product performs time-domain simulation
of an RF system, see “Simulating an RF Model” on page A-2.

6 Generate plots to gain insight into system behavior.
For more information, see “Creating Plots” on page 3-2.

The following plots and charts are available:

® Rectangular plots

Polar plots
Smith Charts

* Composite plots

Budget plots

1-12
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Example — Modeling an LC Bandpass Filter

In this section...

“Overview of LC Bandpass Filter Example” on page 1-13
“Selecting Blocks to Represent System Components” on page 1-13
“Building the Model” on page 1-14

“Specifying Model Parameters” on page 1-16

“Validating Filter Components and Running the Simulation” on page 1-23

“Analyzing the Simulation Results” on page 1-25

Overview of LC Bandpass Filter Example

In this example, you model the signal attenuation caused by an RF filter by
comparing the signals at the input and output of the filter.

The RF filter you use in this example is an LC bandpass filter with a
bandwidth of 200 MHz, centered at 700 MHz. You use a three-tone input
signal to stimulate a range of in-band and out-of-band frequencies of the filter.
The input signal has the following tones:

e 700 MHz — Center of the filter

® 600 MHz — Lower edge of the filter passband

® 900 MHz — Outside the filter passband

You simulate the effects of the filter over a bandwidth of 500 MHz.

Selecting Blocks to Represent System Components

In this part of the example, you select the blocks to represent the input signal,
the RF filter, and the signal displays.

You model the RF filter using a physical subsystem, which is a collection of
one or more physical blocks bracketed by an Input Port block and an Output
Port block. The RF filter subsystem consists of an LLC Bandpass Pi block, and
the Input Port and Output Port blocks. The function of the Input Port and

1-13
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Output Port blocks is to bridge the physical part of the model, which uses
bidirectional RF signals, and the rest of the model, which uses unidirectional
Simulink signals.

The following table lists the blocks that represent the system components and
a description of the role of each block.

Block Description
Sine Wave Generates a three-channel signal.
Matrix Sum Combines the three channel signal into a single

three-tone source signal.

Input Port Establishes parameters that are common to all
blocks in the RF filter subsystem, including the
source impedance of the subsystem that is used to
convert Simulink signals to the RF Blockset physical
modeling environment.

LC Bandpass Pi Models the signal attenuation caused by the RF filter
which, in this example, is the LC Bandpass Pi filter.

Output Port Establishes parameters that are common to all
blocks in the RF filter subsystem. These parameters
include the load impedance of the subsystem, which
1s used to convert RF signals to Simulink signals.

Spectrum Scope Displays signals at the input to and output of the
filter.

Building the Model

In this part of the example, you create a Simulink model, add blocks to the
model, and connect the blocks.

1 Create a model.

If you are new to Simulink, see the introductory example, “Creating a
Simulink Model”, for information on how to create a model.

2 Add to the model the blocks shown in the following table. The Library
column of the table specifies the hierarchical path to each block.

1-14
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Block Library Path Quantity

Sine Wave Signal Processing Blockset > Signal | 1
Processing Sources

Matrix Sum Signal Processing Blockset > Math |1
Functions > Matrices and Linear
Algebra > Matrix Operations

Spectrum Scope | Signal Processing Blockset > Signal | 2
Processing Sinks

Input Port RF Blockset > Physical 1
> Input/Output Ports

LC Bandpass Pi | RF Blockset > Physical > Ladder 1
Filters

Output Port RF Blockset > Physical 1
> Input/Output Ports

3 Connect the blocks as shown in the following figure.

For more information on connecting physical and mathematical blocks, see
“Connecting Model Blocks” on page 2-3.

1ol
File Edit View Simulaton Format Tools Help
D HES| $BER|E= 42 » = | |iom AEEREE mEE S
|J—L|:ISP > g - Input é E Output » M
Lu_| Fort Fort
FFT
Sine Wawve Né:l: Input Port LC Bandpass Pi Cutput Port Sgcec‘c;:lrﬂ
ol
FFT
Spectrum
Scope
Ready 100% [ode4s y
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Now you are ready to specify block parameters.

Specifying Model Parameters

In this part of the example, you specify the following parameters to represent
the behavior of the system components:

* “Input Signal Parameters” on page 1-16
e “Filter Subsystem Parameters” on page 1-18

e “Signal Display Parameters” on page 1-22

Input Signal Parameters

You generate the three-tone source signal using two blocks. You use the Sine
Wave block to generate a complex three-channel signal, where each channel
corresponds to a different frequency. Then, you use the Matrix Sum block to
combine the channels into a single three-tone source signal. Without this
block, the signal in all subsequent blocks would have three independent
channels.

The RF Blockset algorithm requires you to shift the frequencies of the input
signal. The software simulates the filter subsystem using a complex-baseband
modeling technique, which automatically shifts the filter response and centers
it at zero. You must shift the frequencies of the signals outside the physical
subsystem by the same amount.

For more information on complex-baseband modeling, see “Creating a
Complex Baseband-Equivalent Model” on page A-13.

Note All signals in the RF model must be complex to match the signals in
the physical subsystem, so you create a complex input signal.

The center frequency of the LLC bandpass filter is 700 MHz, so you use a
three-tone source signal with tones that are 700 MHz below the actual tones,
at -100 MHz, 0 MHz, and 200 MHz, respectively.

1 In Sine Wave block dialog box:



Example — Modeling an LC Bandpass Filter

Set the Amplitude parameter to 1e-6.

Set the Frequency (Hz) parameter to

E! Source Block Parameters: Sine Wave

[-100 O 200]*1e6.

Set the Output complexity parameter to Complex.
Set the Sample time parameter to 1/500e6.

Set the Samples per frame parameter to 128 .

X

Sine Wawe [mazk)] [ink)

Output zamples of a sinuzoid. Tao generate mare than one sinuzaid

simultaneously, enter a vector of values for the Amplitude,
Frequency, and Phase offzet parameters.

Main IDataTypes I
Amplitude:

e
Frequency [Hz):

{100 0 20071 ef
Phaze offset [rad]:

jo

Sample mode:l Discrete

Output cnmple:-tity:l Cornples

Cornputation methnd:l Trigonarmetric fon

Sample time:

Lel Lef |«

|1/500e5

Samples per frame;

126

Fezetting states when re-enabled; | Restart at time zero

||

Cancel |

Help |

2 In the Matrix Sum block dialog box:

® Set the Sum over parameter to Specified dimension.

e Set the Dimension parameter to 2.
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x

Sum

Add ar subtract inputs. Specify one of the following:

a) string containing + ar - for each input port, | for spacer between ports (g.g. ++|-|++)
b) scalar, == 1, specifies the number of input ports to be summed.

When there is only one input port, add or subtract elements over all dmensions or one
specified dimension

Main | Signal Attributes

Icon shape: Irectangular LI
List of signs:

+
Sum over: |Specified dimension LI
Dimensian:

|2
Sample time {-1 for inherited):

|-1

J- QK I Cancel Help Apply

Filter Subsystem Parameters
In this part of the example, you configure the blocks that model the RF filter

subsystem—the Input Port, LC Bandpass Pi, and Output Port blocks.
1 Set the Input Port block parameters as follows:
¢ Treat input Simulink signal as = Incident power wave

This option tells the blockset to interpret the input signal as the incident
power wave to the RF subsystem, and not the source voltage of the RF
subsystem.

1-18
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Note If you use the default value for this parameter, the software
interprets the input Simulink signal as the source voltage. As a result,
the source and the load that model the Input Port and Output Port
blocks, respectively, introduce 6 dB of loss into the physical system at all
frequencies. For more information on why this loss occurs, see the note
in “Converting to and from Simulink Signals” on page A-32.

Center frequency = 700e6
Sample time (s) = 1/500e6

Clear the Add noise check box so the software does not include noise
in the simulation. To learn how to model noise, see “Modeling Noise”
on page 2-26.
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5] Block Parameters: Input Port x|

—Input Port
Connection block fram Simulink to RF Blockset physical blocks.

The RF Elockset 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 model.

The block provides the option to interpret the Simulink signal as either the incident
power wave to the RF system ar the source voltage of the RF system. The
‘Incident power wave' option is the most comman RF modeling interpretation,

while the 'Source voltage' option is provided for backwards compatibility. If the
input Simulink signal is the incident power wave, the output of the RF system is the
transmitted power wave. If the input is the source voltage, the output

is the load voltage.

The block 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 quard 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: IIncident DOWET Wave ;I
Source impedance (ohms): I 50

Finite impulse response filter length: I 128

Fractional bandwidth of guard bands: ID

Modeling delay {samplas): ID
Center frequency {(Hz): I 700ed
Sample time (s): I 1/500e6
[T Add noise

Initial seed: |67987

oK I Cancel | Help Apply




Example — Modeling an LC Bandpass Filter

Note You must enter the Sample time (s) because the Input Port block
does not inherit a sample time from the input signal. The specified sample
time must match the sample time of the input signal. The Sample time
(s) of 1/500e6 second used in this example is equivalent to a bandwidth
of 500 MHz.

2 Accept default parameters for inductance and capacitance in the LC
Bandpass Pi block. These parameters create a filter with the desired
bandwidth of 200 MHz, centered at 700 MHz.

E Block Parameters: LC Bandpass Pi x|

’7LC Bandpaszz Pi

todel an LC bandpass pi network,

IVisuaIization |

Inductance [H): |[1.444Be-9 4.25945e-8 1.444Ee-9]
Capacitance [F: |[3.5?858-11 1.1762e-12 3.5785e-11]

QK I Cancel Help Apply

3 Accept the default parameters for the Output Port block to use a load
impedance of 50 ohms.
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E Block Parameters: Dutput Pork x|

Cutput Port

Connection black fram BF Blockzet physical block s ta Simulink.

After running a simulation, various parameters of the BF system that is delimited by an
Input Part black and this Qutput Part block. can be visualized.

M ain Yizualization I

Load impedance [ohms]): IED

0k I Cancel Help Apply

Signal Display Parameters
In this part of the example, you specify:

® The parameters of the Spectrum Scope block to display the source signal
® The parameters of the Spectrum Scopel block to display the filtered signal

For each scope, you set the range of the x- and y-axes to make sure that the
entire signal is visible.

By default, the scope displays appear stacked on top of each other on the
screen when you run the simulation, so you can only see one of them. To
ensure that both scopes are visible during the simulation, you specify a
different position for each scope on the screen.

1 In the Spectrum Scope block dialog box:

® In the Scope Properties tab, set the Spectrum units parameter to
dBm.

¢ In the Display Properties tab, set the Scope position parameter to
get (0, 'defaultfigureposition').*[.15 1 1 1]

¢ In the Axis Properties tab, set the Minimum Y-limit parameter to
-220.
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¢ Inthe Axis Properties tab, set the Maximum Y-limit parameter to - 80

¢ In the Axis Properties tab, set the Y-axis label parameter to dBm.

2 Set the Spectrum Scopel block parameters as follows:

¢ In the Scope Properties tab, set the Spectrum units parameter to
dBm.

¢ In the Display Properties tab, set the Scope position parameter to
get (0, 'defaultfigureposition').*[1.85 1 1 1]

¢ In the Axis Properties tab, set the Minimum Y-limit parameter to
-220.

¢ Inthe Axis Properties tab, set the Maximum Y-limit parameter to -80

¢ In the Axis Properties tab, set the Y-axis label parameter to dBm.

Note If you do not specify the position of the scopes using the Display
Properties tab, you can click and drag the displays to arrange them on the
screen after the simulation starts.

Validating Filter Components and Running the
Simulation

In this part of the example, you validate the behavior of the LC Bandpass Pi
filter block by plotting its frequency response and then run the simulation.

Note When you plot information about a physical block, the plot displays
the actual frequency response of the block at the selected passband (i.e.,
the response at the unshifted frequencies), and not the response at the
shifted frequencies. Recall that this shift was introduced in “Input Signal
Parameters” on page 1-16.

1 Double-click the LC Bandpass Pi block to open the block dialog box.
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2 Select the Visualization tab and click Plot to plot the frequency response
of the filter. This plots the magnitude of S,; as a function of frequency,
which represents the gain of the filter.
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Filter Gain

Note The physical blocks only model a band of frequencies around the
center frequency of the physical subsystem. You must choose the sample
time and center frequency such that all important frequency characteristics
of your physical subsystem fall in this band of frequencies. The plot shows
the frequency response of the filter for the portion of the RF spectrum that
the physical blocks model. In this example, the physical blocks model a
500-MHz band centered at 700 MHz, as defined by the Input Port block.
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3 In the model window, select Simulation > Start to run the simulation.

Analyzing the Simulation Results

In this part of the example, you analyze the results of the simulation. This
section contains the following topics:

e “Comparing the Input and Output Signals of the RF Filter” on page 1-25
® “Plotting Model Parameters of the Filter Subsystem” on page 1-27

Comparing the Input and Output Signals of the RF Filter

You can view the source signal and the filtered signal in the Spectrum Scope
windows while the model is running. These windows appear automatically
when you start the simulation.

The Spectrum Scope blocks display the signals at the shifted
(baseband-equivalent) frequencies, and not at the selected passband
frequencies. You can relabel the x-axes of the Spectrum Scope windows to
display the passband signal by entering the Center frequency parameter
value of 700e6 (from the Input Port block) for the Frequency display offset
(Hz) parameter in the Axis Properties tab of the Spectrum Scope block
dialog boxes. For more information on complex-baseband modeling, see
“Creating a Complex Baseband-Equivalent Model” on page A-13.

The Spectrum Scope blocks display power spectral density normalized to unit
sampling frequency. To display power per channel, insert a Gain block with
the Gain parameter set to 1/sqrt(N) before each Spectrum Scope block. N is
the number of channels. The Gain block is in the Simulink > Commonly
Used Blocks library.

In this example, N is 128 (the value of the Samples per frame parameter of
the Sine Wave block, 128).
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Note RF Blockset signals represent amplitudes, not voltages. This means
that in the product, power is defined as:

Power (inwatts)=[ Amplitude (involts/ sqrt(ohm))|*

The following plot shows the RF filter input signal you specified in the Sine
Wave block.
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The next plot shows the filtered signal. Notice the RF filter does not attenuate
the signal at the center frequency.
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Plotting Model Parameters of the Filter Subsystem

After you simulate an RF model, you can evaluate the behavior of the physical
subsystem by plotting the network parameters of the Output Port block.

Note When you plot information about a physical subsystem, the plot
displays the actual frequency response of the subsystem at the selected
passband (i.e. the response at the unshifted frequencies), and not the response
at the shifted frequencies.

To understand the frequency response of the filter, examine the S-parameters
as a function of frequency for the RF filter subsystem on a composite plot.

1 Open the dialog box of the Output Port block by double-clicking the block.

2 Select the Visualization tab, and click Plot.
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The composite plot, shown in the following figure, contains four separate
plots in one figure. For the Output Port block, the composite plot shows the
following as a function of frequency (counterclockwise from the upper-left

plot):
¢ An X-Y plane plot of the magnitude of the filter gain, S,,;, in decibels.

¢ An X-Y plane plot of the phase of the filter gain, S,,, in degrees.

e A 7Z Smith chart showing the real and imaginary parts of the filter
reflection coefficient, S,;.

® A Polar plane plot showing the magnitude and phase of the filter reflection
coefficient, S,;.

Note In this example, the response of the filter subsystem is the same as the
response of the filter block because the subsystem contains only a filter block.
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® “Modeling RF Components” on page 2-2

® “Specifying or Importing Component Data” on page 2-7
® “Specifying Operating Conditions” on page 2-21

e “Modeling Nonlinearity” on page 2-23

¢ “Modeling Noise” on page 2-26
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2-2

In this section...

“Adding RF Blocks to a Model” on page 2-2

“Connecting Model Blocks” on page 2-3

Adding RF Blocks to a Model

You can include blocks from the RF Blockset Physical and Mathematical
libraries in a Simulink model. For more information on the libraries and the
available RF blocks, see “RF Blockset Libraries” on page 1-6.

This section contains the following topics:

¢ “Input Signal Requirements” on page 2-2

e “How to Add RF Blocks to a Model” on page 2-3

Input Signal Requirements

Most RF Blockset blocks only support complex single-channel signals. The
signals can be either sample-based or frame-based. The following blocks have
this requirement:

e All Physical blocks
® Mathematical Amplifier and Mixer blocks

You can model the effect of these components on a multichannel signal as
follows:

1 Use a Simulink Demux block to split the multichannel signal into
single-channel signals.

2 Create duplicate RF models, with one model for each channel, and pass
each single-channel signal into a separate model.

3 Use a Simulink Mux block multiplex the signals at the output of the RF
models.
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How to Add RF Blocks to a Model
To add RF blocks to a Simulink model:

1 Type rflib at the MATLAB prompt to open the RF Blockset library.
2 Navigate to the desired library or sublibrary.

3 Drag instances of RF Blockset blocks into the model window using the
mouse.

Note You can also access RF Blockset blocks and other Simulink blocks from
the Simulink Library Browser window. Open this window by typing simulink
at the MATLAB prompt. Add blocks to the model by dragging them from this
window and dropping them into the model window.

Connecting Model Blocks

You follow the same procedure for connecting RF Blockset blocks as for
connecting Simulink blocks: you click a port and drag the mouse to draw a
line to another port on a different block. For more information on connecting
blocks, see “Connecting Blocks in the Model Window” in the Simulink
documentation.

You can only connect blocks that use the same type of signal. RF Blockset
Physical blocks use different types of signals than Mathematical blocks, and
are represented graphically by a different port style. Therefore, you can freely
connect pairs of Mathematical modeling blocks. You can also freely connect
pairs of Physical modeling blocks. However, you cannot directly connect
Physical blocks to Mathematical blocks. Instead, you must use the Input Port
and Output Port blocks to bridge them.

For more information on the RF Blockset libraries, including how to open the
libraries and a description of the available blocks, see “RF Blockset Libraries”
on page 1-6.

This section contains the following topics:

® “Connecting Mathematical Blocks” on page 2-4
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e “Connecting Physical Blocks” on page 2-4
* “Bridging Physical and Mathematical Blocks” on page 2-5

Connecting Mathematical Blocks

The RF Blockset Mathematical blocks use the same input and output ports as
standard Simulink blocks. These ports show the direction of the signal at the
port, as shown in the following diagram.

RF Blockset mathematical
L. ——  modeling ports show signal
direction

hlizer

Similar to standard Simulink blocks, you draw lines between the ports of the
Mathematical modeling blocks, called signal lines, to represent signals that
are inputs to and outputs from the mathematical functions represented by the
blocks. Therefore, you can connect Simulink, Signal Processing Blockset, and
RF Blockset mathematical blocks by drawing signal lines between their ports.

You can connect a port to multiple ports by branching the signal line, or you
can leave a port unconnected. For more information on connecting blocks, see
“Connecting Blocks in the Model Window” in the Simulink documentation.

Connecting Physical Blocks

The RF Blockset Physical blocks have specialized connector ports. These ports
only represent physical connections; they do not imply signal direction.

RF Blockset physical modeling
& s ————— connector ports represent only
physical connections.

Microstrip

The lines you draw between the physical modeling blocks, called connection
lines, represent physical connections among the block components.
Connection lines appear as solid black when connected and as dashed red
lines when either end is unconnected.
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You can draw connection lines only between the connector ports of physical
modeling blocks. You cannot branch these connection lines. You cannot leave
connector ports unconnected.

Bridging Physical and Mathematical Blocks

The blockset provides the Input Port and Output Port blocks to connect
the physical and mathematical parts of the model. These blocks convert
mathematical signals to and from the physical modeling environment.

The Input Port and Output Port blocks have one of each kind of connector
port: a standard Simulink style input port and a physical modeling port.
These ports are shown in the following figure:

Mathematical, or Simulink style, ports

Input Physical Modeling Ports &| Dutput L
Port Poit

The Input Port and Output Port blocks must bound a physical subsystem to
connect it to the mathematical part of a model.

For example, a simple RF model of a coaxial transmission line might resemble
the following figure.

Input

. . Cutput -.I
E .E Port Mic ostrip Part 'I » M
White MNoiss Mic mstrip il

Input Portl Cutput Port

¥

Transmission Line

Center Frequency: 6500MHz

The Microstrip Transmission Line block uses an Input Port block to get its
white noise input from a Random Source block, and an Output Port block to
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pass its output to a Spectrum Scope block. The Random Source and Spectrum
Scope blocks are from Signal Processing Blockset library.

For information on how RF Blockset software converts mathematical signals
to and from the physical modeling environment, see “Converting to and from
Simulink Signals” on page A-32.
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Specifying or Importing Component Data

In this section...

“Specifying Parameter Values” on page 2-7
“Supported File Types for Importing Data” on page 2-7
“Importing Data Files into RF Blocks” on page 2-8

“Example — Importing a Touchstone Data File into an RF Model” on page
2-10

“Importing Circuits from the MATLAB Workspace” on page 2-14

“Example — Importing a Bandstop Filter into an RF Model” on page 2-14

Specifying Parameter Values

There are two ways to set block parameter values:

¢ Using the GUI — Enter information in the block dialog boxes, which open
when you double-click a block in the Simulink window.

¢ Using commands — Use the Simulink set_param and get_param
commands to set and get parameter values of the blocks, respectively. For
more information on these commands, see the set_param and get_param
reference pages.

Supported File Types for Importing Data

The blockset also lets you import the following types of data files:

¢ Industry-standard file formats — Touchstone S2P, Y2P, Z2P, and H2P
formats specify the network parameters and noise information for
measured and simulated data.

For more information on Touchstone files, see
http://www.vhdl.org/pub/ibis/connector/touchstone_spec11.pdf.

e Agilent P2D file format — Specifies amplifier and mixer large-signal,
power-dependent network parameters, noise data, and intermodulation
tables for several operating conditions, such as temperature and bias
values.


http://www.vhdl.org/pub/ibis/connector/touchstone_spec11.pdf
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The P2D file format lets you import system-level verification models of
amplifiers and mixers.

e Agilent S2D file format — Specifies amplifier and mixer network
parameters with gain compression, power-dependent S,, parameters, noise
data, and intermodulation tables for several operating conditions.

The S2D file format lets you import system-level verification models of
amplifiers and mixers.

® MathWorks amplifier (AMP) file format — Specifies amplifier network
parameters, power data, noise data, and third-order intercept point

For more information about .amp files, see “AMP File Format” in the RF
Toolbox documentation.

e MATLAB circuits — RF Toolbox circuit objects in the MATLAB workspace
specify network parameters, noise data, and third-order intercept point
information of circuits with different topologies.

For more information about RF circuit objects, see “RF Circuit Objects”
in the RF Toolbox documentation.

Importing Data Files into RF Blocks

The blockset lets you import industry-standard data files, Agilent P2D and
S2D files, and MathWorks AMP files into specific blocks to simulate the
behavior of measured components in the Simulink modeling environment.

This section contains the following topics:
e “Blocks Used to Import Data” on page 2-8

e “How to Import Data Files” on page 2-9

Blocks Used to Import Data

Three blocks in the Physical library accept data from a file. The following
table lists the blocks and any corresponding data format that each supports.

Block Description Supported Format(s)
General Amplifier Generic amplifier Touchstone, AMP, P2D,
S2D
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Block

Description

Supported Format(s)

General Mixer

Generic mixer

Touchstone, AMP, P2D,
S2D

General Passive
Network

Generic passive
component

Touchstone

How to Import Data Files

To import a data file:

1 Choose the block that best represents your component from the list of blocks

that accept file data shown in “Blocks Used to Import Data” on page 2-8.

2 Open the RF Blockset Physical library, and navigate to the sublibrary

that contains the block.

3 Click and drag the block into your Simulink model.

4 In the block dialog box, enter the name of your data file for the Data file
parameter. The file name must include the extension. If the file is not in
your MATLAB path, specify the full path to the file or use the Browse

button to find the file.

Note The Data file parameter is only enabled when the Data source

parameter is set to Data file. This is the default setting and it means the

block data comes from a file.
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E! Block Parameters: General Amplifier x|

—General Amplifier

Nonlinear amplifier described by a data souce that consists of either an RFDATA object ar
data from a file. Data interpolation iz used during simulation

When there is no noise data in the data source, use the Moise D ata tab to specify amplifier
noize infarmation

‘When there is no nonlinearity data in the data souce, use the Monlinsarity Data tab ta
specify amplifier nonlinearity information.

“when the data source containg operating condition information, wse the Operating
Conditions tab to select operating condition settings for the simulation.

INoiseData I Monlinearity Data | Visualization I Operating Conditions |

Data source: I Diata file: ;I
Data file: Idefault amp Browse Specify the file name
or use the Browse
RFDATA object: Iread[rfdata data, ‘default amp'] button to find the file
Interpolation method:l Linear ;I

ok I Cancel | Help | Apply |

The following section shows an example of this procedure.

Example — Importing a Touchstone Data File into
an RF Model

In this example, you model the frequency response of a passive component
using data from a Touchstone file, defaultbandpass.s2p.

You use a model from one of the RF Blockset demos to perform the following
tasks:
* “Importing Data into a General Passive Network Block” on page 2-10

e “Validating the Passive Component” on page 2-13

Importing Data into a General Passive Network Block

In this part of the example, you inspect the defaultbandpass.s2p file and
import data into the RF model using the General Passive Network block.
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1 Type the following at the MATLAB prompt to open the
defaultbandpass.s2p file:

edit defaultbandpass.s2p

The following figure shows a portion of the .s2p file.

=
File Edit Text Go Tools Debug Desktop Window Help o | A X
NS H|sRR9 ¢ |om - Aded -] >0
Option Line —
—# GHz 3 BRI B 50 g
! 3-Paramsters data
! Freq re3ll im311 re3zZl im3Z1 re3lz im31z2
0.1000000000 -0.9958171875
0.1004£20421 -0.9958154589
0.10082g2121 -0.9959813713¢&
0.1013225408 -0.959598118515
0.1018&£10170 -0.95958101724
0.102331&578 -0.99980837¢&1
0.1028044732 —-0.99980&5824
0.1032794732 —-0.99598047312 -
L | .. _'l_|
[ plain text Fie Ln 15 Col 206 [OVR

The option line

# GHz S RI R 50

specifies the following information about the contents of the data file:

¢ GHz — Frequency units.

e S — Network parameters are S-parameters.

¢ RI — Network parameters are specified as the real and imaginary parts.
® R 50 — Reference impedance is 50 ohms.

For more information about the Touchstone

specification, including the option line, see
http://www.vhdl.org/pub/ibis/connector/touchstone_speci1.pdf.
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2 At the MATLAB prompt, type

sparam_filter

This command opens the RF Blockset demo called “Touchstone Data File
for 2-Port Bandpass Filter,” as shown in the following figure.
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Ready

3 Double-click the General Passive Network block to display its parameters.

The Data source parameter is set to Data file, so the Data file
parameter specifies the data file to import. The Data file parameter is set
to defaultbandpass.s2p. The block uses this data with the other block
parameters during simulation.

Note When the imported file contains data that is measured at
frequencies other than the modeling frequencies, use the Interpolation
method parameter to specify how the block determines the data values
at the modeling frequencies. For more information, see “Determining the
Modeling Frequencies” on page A-3 and “Mapping Network Parameters to
Modeling Frequencies” on page A-5.
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Validating the Passive Component

In this part of the example, you plot the network parameters of the General
Passive Network block to validate the data you imported in “Importing Data
into a General Passive Network Block” on page 2-10.

1 Open the General Passive Network block dialog box, and select the
Visualization tab.

2 Set the Source of frequency data parameter to User-specified.
3 Set the Frequency data (Hz) parameter to [0.5€9:0.1e6:1.5€e9].

4 Click Plot.

These actions create a plot of the magnitude and phase of S,; as a function
of frequency.
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Importing Circuits from the MATLAB Workspace

You can only connect the RF Blockset Physical blocks in cascade. However,
the blockset works with RF Toolbox software to let you include additional
circuit topologies in an RF model. To model circuit topologies that contain
other types of connections, you must define a circuit in the MATLAB
workspace and import it into an RF model.

To import a circuit from the MATLAB workspace:

1 Define the circuit object in the MATLAB workspace using the RF Toolbox
functions.

For more information about RF circuit objects, see the RF Toolbox
documentation for “RF Circuit Objects”.

2 Add a General Circuit Element block to your RF model from the Black Box
Elements sublibrary of the Physical library. For information on how to
open this library, see “Opening RF Blockset Libraries” on page 1-6.

3 Enter the circuit object name in the RFCKT object parameter in the
General Circuit Element block dialog box.

This procedure is illustrated by example in the following section.

Example — Importing a Bandstop Filter into an RF
Model

In this example, you simulate the frequency response of a filter that you
model using circuit objects from the MATLAB workspace.

The filter in this example is the 50-ohm bandstop filter shown in the following
figure.
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Bandstop Filter Diagram

You represent the filter using four circuit objects that correspond to the

four parts of the filter, ckt1, ckt2, ckt3, and ckt4 in the diagram. You use
an input signal with random, complex input values that have a Gaussian
distribution to stimulate the filter. The scope block displays the output signal.

This example illustrates how to perform the following tasks:

® “Creating Circuit Objects in the MATLAB Workspace” on page 2-15
¢ “Building the Model” on page 2-16

® “Specifying and Importing Component Data” on page 2-18

® “Running the Simulation and Plotting the Results” on page 2-19

Creating Circuit Objects in the MATLAB Workspace

In this part of the example, you define MATLAB variables to represent the
physical properties of the filter shown in the previous figure, Bandstop Filter
Diagram on page 2-15, and use functions from RF Toolbox software to create
RF circuit objects that model the filter components.

1 Type the following at the MATLAB prompt to define the filter’s capacitance
and inductance values in the MATLAB workspace:
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C1 = 1.734e-12;
C2 = 4.394e-12;
C3 = 7.079e-12;
C4 = 7.532e-12;
C5 = 1.734e-12;
C6 = 4.394e-12;

L1 = 25.70e-9;
L2 = 3.760e-9;
L3 = 17.97e-9;
L4 = 3.775e-9;
L5 = 17.63e-9;
L6 = 25.70e-9;

2 Type the following at the MATLAB prompt to create RF circuit objects
that model the components labeled ckt1, ckt2, ckt3, and ckt4 in the
circuit diagram:

ckt1 = ...
rfckt.series('Ckts',{rfckt.shuntrlc('C',C1),...
rfckt.shuntrlc('L',L1,'C"',C2)});

ckt2 = ...
rfckt.parallel('Ckts',{rfckt.seriesrlc('L',L2),...
rfckt.seriesrlc('L',L3,'C',C3)});

ckt3 = ...
rfckt.parallel('Ckts',{rfckt.seriesrlc('L',L4),...
rfckt.seriesrlc('L',L5,'C',C4)});

ckt4 = ...
rfckt.series('Ckts',{rfckt.shuntrlc('C',C5),...
rfckt.shuntrlc('L',L6,'C',C6)});

For more information about the RF Toolbox objects used in this example,
see the rfckt.series class, rfckt.parallel, rfckt.shuntrlc, and
rfckt.seriesrlc object reference pages in the RF Toolbox documentation.

Building the Model

In this portion of the example, you create a Simulink model. For more
information about adding and connecting components, see “Modeling RF
Components” on page 2-2.

1 Create a new model.
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2 Add to the model the blocks shown in the following table. The Library

column of the table specifies the hierarchical path to each block.

Block Library Quantity

Random Source Signal Processing 1
Blockset > Signal Processing
Sources

Input Port RF Blockset > Physical 1
> Input/Output Ports

General Circuit RF Blockset > Physical > Black 4

Element Box Elements

Output Port RF Blockset > Physical 1
> Input/Output Ports

Spectrum Scope Signal Processing 1
Blockset > Signal Processing
Sinks

3 Connect the blocks as shown in the following figure.

Change the names of your General Circuit Element blocks to match those
in the figure by double-clicking the text below the block and typing a new

name.

ﬁ untitled =

File Edit View Simulation Format Tools Help

-0/ x]

DIFEE|LRRB|E= 42 r =00 [[Noma N ReEREl hEEE

Input
Por

Cicuit Elment

General General
Circuit Element

General General Output

Circuit ElEment Circuit Element Port

Soums Input Port

Ready

Circuit Elmeant]

Gene mal Genaal
Circuit Elemant2

General General

Circuit Elment3 Circuit ERmantd Output Part

Spectium
Scope

[100% |ode4s

2-17



2 Modeling an RF System

Specifying and Importing Component Data

In this portion of the example, you specify block parameters. To open the
parameter dialog box for each block, double-click the block.

1 In the Random Source block dialog box:

Set the Source type parameter to Gaussian.

Set the Sample time parameter to 1/100€6.

Set the Samples per frame parameter to 256.

Set the Complexity parameter to Complex.

Selecting these settings creates an input signal with random, complex
input values that have a Gaussian distribution.

2 In the Input Port block dialog box:

¢ Set the Treat input Simulink signal as parameter to Incident power
wave.

¢ Set the Finite impulse response filter length parameter to 256.
® Set the Center frequency (Hz) parameter to 400e6.

® Set the Sample time parameter to 1/100e6.

¢ (Clear the Add noise check box.

Selecting these settings defines the physical characteristics and modeling
bandwidth of the filter.

3 Set the parameters of the General Circuit Element blocks as follows:

® In the General Circuit Elementl block dialog box, set the RFCKT
object parameter to ckti.

® In the General Circuit Element2 block dialog box, set the RFCKT
object parameter to ckt2.

® In the General Circuit Element3 block dialog box, set the RFCKT
object parameter to ckt3.

® In the General Circuit Element4 block dialog box, set the RFCKT
object parameter to ckt4.
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Selecting these settings imports the circuit objects that model the filter
components into the model.

4 In the Output Port block dialog box, set the Load impedance parameter
to 50.
5 Set the Spectrum Scope block parameters as follows:

¢ In the Scope Properties tab, set the Number of spectral averages
parameter to 100.

This parameter establishes the number of spectra that the scope
averages to produce the displayed signal. You use a value of 100 because
the input signal is random and you want to display the average filter
response over a large number of input values.

¢ In the Scope Properties tab, set the Spectrum units parameter to
dBm/Hertz.

¢ In the Axis Properties tab, set the Minimum Y-limit parameter to
-75 and the Maximum Y-limit parameter to -45.

These values set the range of x- and y-values on the display such that
the entire signal is visible when you run the simulation.

¢ In the Axis Properties tab, set the Y-axis label parameter to
dBm/Hertz.

Running the Simulation and Plotting the Results

In this part of the example, you run the simulation and examine the frequency
response of the filter.

Select Simulation > Start in the model window to start the simulation.

The Spectrum Scope window appears automatically and displays the following
plot, which shows the frequency response of the filter.
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Frequency Response of Bandstop Filter

The Spectrum Scope block displays the frequency response at the shifted
(baseband-equivalent) frequencies, and not at the selected passband
frequencies. You can relabel the x-axis of the Spectrum Scope window to
display the passband signal by entering the Center frequency parameter
value of 400e6 (from the Input Port block) for the Frequency display offset
(Hz) parameter in the Axis Properties tab of the Spectrum Scope block. For
more information on complex-baseband modeling, see “Creating a Complex
Baseband-Equivalent Model” on page A-13.

References
Geffe, P.R., “Novel designs for elliptic bandstop filters,” RF Design, February
1999.
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Specifying Operating Conditions

Agilent P2D and S2D files contain simulation results at one or more operating
conditions. Operating conditions define the independent parameter settings
that are used when creating the file data. The specified conditions differ
from file to file.

When you import component data from a .p2d or .s2d file into a General
Amplifier or General Mixer block, the block contains parameter values for
several operating conditions. The available conditions depend on the data in
the file. By default, the blockset defines the object behavior using the property
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 block dialog box.

If the block 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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[Z1Block Parameters: General Amplifier x|

— 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.
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‘wihen there iz no nonlinearity data in the data source, uge the Norlinearity Data tab
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Example Block Dialog Box Showing Operating Conditions

To specify the operating condition values for a simulation:

1 Double-click the block to open the block dialog box.
2 Select the Operating Conditions tab.

3 In the Conditions column, find the condition to specify. Select the
corresponding pull-down list in the Values column, and choose the desired

operating condition value.

Repeat the preceding step as needed to specify the desired operating condition
values.
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Modeling Nonlinearity

In this section...

“Amplifier and Mixer Nonlinearity Specifications” on page 2-23

“Adding Nonlinearity to Your System” on page 2-24

Amplifier and Mixer Nonlinearity Specifications

You define nonlinearity for the physical amplifier and mixer blocks at one or
more frequency points through one of the following specifications:

® Power data, consisting of output power as a function of input power,
imported into the block.

¢ Third-order intercept data, with or without power parameters, in the block
dialog box. The available power parameters are gain compression power
(defined as the ratio of output power to input power at small input power)
and output saturation power.

The following table summarizes the nonlinearity specification options for each
type of physical amplifier and mixer block.

Block Nonlinearity Specification
General Amplifier You can choose either of the following
specifications:

® Power data (using a P2D, S2D, or
AMP data file)

e Third-order intercept data or one
or more power parameters, in the
block dialog box.

S-Parameters Amplifier Third-order intercept data or one or
more power parameters, in the block
dialog box.

Y-Parameters Amplifier

Z-Parameters Amplifier
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Block

Nonlinearity Specification

General Mixer

You can choose either of the following

specifications:

® Power data (using a P2D, S2D, or
AMP data file)

® Third-order intercept data or one
or more power parameters, in the
block dialog box.

S-Parameters Mixer
Y-Parameters Mixer

Z-Parameters Mixer

Third-order intercept data or one or
more power parameters, in the block
dialog box.

Adding Nonlinearity to Your System

To simulate the nonlinearity of an amplifier or mixer, you must specify or
import nonlinearity data at one or more frequency points into the block.

The method you use to add nonlinearity data to a block depends on whether
you specify the data manually or import the data into a block.

The following table provides instructions for adding nonlinearity data.

Nonlinearity Specification

Instructions

1P3

In the Nonlinearity Data tab of the block
dialog box:

¢ Set the IP3 type parameter to IIP3 or
OIP3.

¢ Enter input third-order intercept values
at one or more frequency points in the
IP3 (dBm) parameter.

¢ Enter corresponding frequency values in
the Frequency (Hz) parameter.




Modeling Nonlinearity

Nonlinearity Specification | Instructions

Power parameters Enter the gain compression power in the
1 dB gain compression power (dBm)
parameter or the saturation power in
the Output saturation power (dBm)
parameter.

If you choose a scalar value for the
Frequency (Hz) parameter, then you
must also use scalar values for the power
parameters.

If you choose a vector value for the
Frequency (Hz) parameter, then you can
use either scalar or vector values for the
power parameters.

Power data (from a file) Import file data that includes power
information into the Data file or RFCKT
object parameter of the General Amplifier
or General Mixer block.

Note If you import file data with no power information into a General
Amplifier or General Mixer block, the Nonlinearity Data tab lets you add
nonlinearity data manually in the block dialog box.

For information on how the blockset simulates nonlinearity data of an
amplifier or mixer, see the block reference page.
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Modeling Noise

In this section...

“Amplifier and Mixer Noise Specifications” on page 2-26

“Adding Noise to Your System” on page 2-27

“Plotting Noise” on page 2-31

Amplifier and Mixer Noise Specifications

You only need to specify noise information for the physical amplifier and mixer
blocks that generate noise other than resistor noise. For the other blocks, the
blockset calculates the noise automatically based on the resistor values.

You define noise for the physical amplifier and mixer blocks through one of
the following specifications:

® Spot noise data in the data source.

® Spot noise data in the block dialog box.

® Spot noise data (rfdata.noise class) object in the block dialog box.

* Frequency-independent 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 following table summarizes the noise specification options for each type
of physical amplifier and mixer block.
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Block

Noise Specification

General Amplifier

Spot noise data (using a Touchstone,
P2D, S2D, or AMP data file)

OR

Spot noise data, noise figure value,
noise factor value, noise temperature
value, rfdata.noise, or rfdata.nf
object in the block dialog box

S-Parameters Amplifier
Y-Parameters Amplifier

Z-Parameters Amplifier

Spot noise data, noise figure value,
noise factor value, noise temperature
value, rfdata.noise, or rfdata.nf
object in the block dialog box

General Mixer

Spot noise data (using a Touchstone,
P2D, S2D, or AMP data file)

OR

Spot noise data, noise figure value,
noise factor value, noise temperature
value, rfdata.noise, or rfdata.nf
object in the block dialog box

S-Parameters Mixer
Y-Parameters Mixer

Z-Parameters Mixer

Spot noise data, noise figure value,
noise factor value, noise temperature
value, rfdata.noise, or rfdata.nf
object in the block dialog box

Adding Noise to Your System

To simulate the noise of a physical subsystem, you perform the following tasks:

e “Specifying or Importing Noise Data” on page 2-27

e “Adding Noise to the Simulation” on page 2-29

Specifying or Importing Noise Data
The method you use to add noise data to a block depends on whether you are
specifying noise data manually or importing spot-noise data.
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The following table provides instructions for adding noise data.

Noise Specification

Instructions

Frequency-independent noise figure

In the Noise Data tab of the block
dialog box, set the Noise type
parameter to Noise figure, and
enter the noise figure value in the
Noise figure (dB) parameter.

Frequency-dependent noise figure

In the Noise Data tab of the block
dialog box, set the Noise type
parameter to Noise figure, and
enter the name of the rfdata.nf
object in the Noise figure (dB)
parameter.

Noise factor

In the Noise Data tab of the block
dialog box, set the Noise type
parameter to Noise factor, and
enter the noise factor value in the
Noise factor parameter.

Noise temperature

In the Noise Data tab of the block
dialog box, set the Noise type
parameter to Noise temperature,
and enter the noise temperature
value in the Noise temperature
(K) parameter.

Spot noise data (in a block dialog
box)

In the Noise Data tab of the block
dialog box, set the Noise type
parameter to Spot noise data.
Enter the spot noise information in
the Minimum noise figure (dB),
Optimal reflection coefficient,
and Equivalent normalized noise
resistance parameters.




Modeling Noise

Noise Specification

Instructions

Spot noise data (from a data object)

In the Noise Data tab of the block
dialog box, set the Noise type
parameter to Noise figure and
enter the name of the rfdata.noise
object in the Noise figure (dB)
parameter.

Spot noise data (from a file)

Import file data that includes noise
information into the Data file or
RFCKT object parameter of the
General Amplifier or General Mixer

block.

Note If you import file data with no noise information into a General
Amplifier or General Mixer block, the Noise Data tab lets you add noise

data manually in the block dialog box.

Adding Noise to the Simulation

To include noise in the simulation, you must select the Add noise check box
on the Input Port block dialog box. This check box is selected by default.
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=] Block Parameters: Input Port x|

—Input Port
Connection blodk from Simulink to RF Blodkset physical blodks.

The RF Blockset physical blocks use a baseband-equivalent modeling technigue.
This technigue models a bandwidth of 1/(Sample time), centered at the spedfied
Center frequency parameter value. This frequency value corresponds to 0 Hz in
the baseband-equivalent model,

The blodk provides the option to interpret the Simulink signal as either the inddent
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 incident power wave, the output of the RF system is the
transmitted power wave. If the input is the source voltage, the output

is the load voltage.

The blodk controls the modeling of RF Blockset physical blocks between this blodk
and the Output Port blodk using:

- FIR filters to model the freguency-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: ISnurce voltage :I
Source impedance (ohms): I 50

Finite impulse response filter length: I 128

Fractional bandwidth of quard bands: ID

Modeling delay (samples): ID
Center frequency (Hz): I 2e8
Sample time (s): I 1e-7
¥ Add noise
Initial seed: |67287

oK I Cancel | { Help | Apply

Select this check box to
take the noise data in
the physical blocks into
account. This check box
is selected by default.

For information on how the blockset simulates noise, see “Modeling Noise in

an RF System” on page A-7.
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Plotting Noise

RF Blockset software models communications systems. The noise in these
systems has a very small amplitude, typically from le-6 to le-12 Watts. In
contrast, the default signal power of a Communications Blockset modulator
block is 1 Watt at a nominal 1 ohm. Therefore, the signal-to-noise ratio in
an RF system simulation is large, making it difficult to view the noise RF
Blockset blocks add to your signal.

To display the noise on a plot, you might need to attenuate the signal
amplitude to a value within a couple orders of magnitude of the noise.

For example, suppose you have the following model that contains a multitone
test signal source.
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When you simulate this model, Simulink brings up several windows showing
the input and output for the physical subsystem. The Input - Frequency

Domain window shown in the following figure displays the input signal in
the frequency domain.

) noise_amplitude_ex/Input - Frequency Do = |EI|1|
File Axes Channels Window Help u
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Input Signal Spectrum

The Real Part of Input - Time Domain window displays the real part of the
complex-valued input signal in the time domain.
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In the model, the physical subsystem adds noise to the input signal. The
Output - Frequency Domain window shows the noisy output signal in the
frequency domain.
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The amplitude of the signal is large compared to the amplitude of the noise,
so the noise is not visible in the Real Part of Output - Time Domain window
that shows the real part of the time-domain output signal. Therefore, you
must attenuate the amplitude of the input signal to display the noise of the
time-domain output signal.
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Real Part of Output Signal

Attenuate the amplitude of the input signal by setting the Gain parameter
to 1e-3. This is equivalent to attenuating the input signal by 60 dB. When
you run the model again, the two signal peaks are not as pronounced in the
Output - Frequency Domain window.
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You can now view the noise RF Blockset blocks add to your signal in the Real
Part of Output - Time Domain window.
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Plotting Model Data

e “Creating Plots” on page 3-2

e “Updating Plots” on page 3-27

* “Modifying Plots” on page 3-28

¢ “Example — Creating and Modifying Subsystem Plots” on page 3-31



3 Plotting Model Data

Creating Plots

In this section...

“Available Data for Plotting” on page 3-2

“Using Plots to Validate Individual Blocks and Subsystems” on page 3-3
“Types of Plots” on page 3-3

“Plot Formats” on page 3-5

“How to Create a Plot” on page 3-14

“Example — Plotting Component Data on a Z Smith Chart” on page 3-22

Available Data for Plotting
RF Blockset software lets you validate the behavior of individual RF

components and physical subsystems in your model by plotting the following
data:

e Large- and small-signal S-parameters

* Noise figure, noise factor and noise temperature

¢ Qutput third-order intercept point

* Power data

® Phase noise

® Voltage standing-wave ratio

¢ Transfer function

¢ Group delay

e Reflection coefficients



Creating Plots

Note When you plot information about a physical block, the blockset plots
the actual frequency response of the block, as specified in the block dialog box.
The blockset does not plot the frequency response of the complex-baseband
model that it uses to simulate the block, in which the frequency response is

centered at zero. For more information on how the blockset simulates physical
blocks, see Appendix A, “RF Blockset Algorithms”.

Using Plots to Validate Individual Blocks and
Subsystems

You can plot model data for an individual physical block or for a physical
subsystem. A subsystem is a collection of one or more physical blocks
bracketed by an Input Port block and an Output Port block. To understand
the behavior of specific subsystems, plot the data of the corresponding Output
Port block after you run a simulation.

To validate the behavior of individual RF components in the model, plot the
data of the corresponding physical blocks. You can plot data for individual
blocks from each of these components either before or after you run a
simulation.

You create a plot by selecting options in the block dialog box, as shown in
“Example — Creating and Modifying Subsystem Plots” on page 3-31. To

learn about the available plots, see “T'ypes of Plots” on page 3-3. For more
information about creating plots, see “How to Create a Plot” on page 3-14.

Types of Plots

RF Blockset software provides a variety of plots for analyzing the behavior
of RF components and subsystems. The following table summarizes the
available plots and charts and describes each one.
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Plot Type

Plot Contents

X-Y Plane
(Rectangular) Plot

Parameters as a function of frequency, input power,
or operating condition, such as
® S-parameters

® Noise figure (NF), Noise factor (NFactor), and
Noise Temperature (NTemp)

¢ Voltage standing-wave ratio (VSWR)
¢ Qutput third-order intercept point (OIP3)

¢ Input and output reflection coefficients
(Gammaln and GammaOut)

Link Budget Plot
(3-D)

Parameters as a function of frequency for each
component in a physical subsystem

where

The curve for a given component represents the
cumulative contribution of each RF component
up to and including the parameter value of that
component.

For more information, see “Link Budget” on page
3-11.

Polar Plane Plot

Magnitude and phase of parameters as a function of
frequency or operating condition, such as
® S-parameters

¢ Input and output reflection coefficients
(Gammaln and GammaOut)

Smith Chart

Real and imaginary parts of S-parameters as a
function of frequency or operating condition, used
for analyzing the reflections caused by impedance
mismatch.

Composite Plot

Multiple plots and charts in one figure.

To learn how to create these plots, see “How to Create a Plot” on page 3-14.
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Plot Formats

When you create a plot from a block dialog box, you must specify the format of
the data for both the x- and y-axes.

Soures of frequency datat |'a me &5 the S Parametars ﬂ

Erequency data [Hz): |' Sed: L.0e: 2 2ed]

Raferance mpedence (ohms): | 50

Flot type:

A Plot format of first

¥ paramatert: depencent vanable

¥ parameter s Plot format of ascond
dependant varizhla

X paremeter: Plot format of
indepandant varianls

¥ sCake:

These plot options define how RF Blockset software displays the data on
the plot.

The available formats vary with the data you select to plot. The data you can
plot depends on the plot type you select. The plot formats determine whether
the blockset converts the data to a new set of units, or performs a calculation
on the data. For example, setting the format to Real tells the blockset to
compute and plot the real part of the parameter.

The following topics describe the available parameters and formats for each
plot type:

* “Composite Data” on page 3-5

“X-Y Plane” on page 3-8

“Link Budget” on page 3-11

“Polar Plane Plots and Smith Charts” on page 3-13

Composite Data

The composite data plot automatically generates four separate plots in one
figure window, showing the frequency dependence of several parameters. The
following figure shows an example of such a plot.
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Example — Composite Data Plot

Note For composite data plots, you do not need to specify the parameters or
the formats—they are set automatically.

The combination of plots differs based on the type of block and the specified
block data. The following table describes the contents of the composite data
plot for each specification. The Plot Contents column lists the types of plots
as they appear on the composite plot, counterclockwise and starting in the
upper-left corner. The blockset plots all data as a function of frequency.
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Block Specified Data Plot Contents
General Network parameters ® X-Y plot, magnitude of S ,
AmGI‘r)lifier1 OR and S,, in decibels
or Genera
Mixer Network parameters and ° .X_Y plot, phase of 5,, and S,
. in degrees
noise
® 7 Smith Chart, real and
imaginary parts of S;; and S,,
e Polar plot, magnitude and
phase of S;; and S,,
Network parameters and ¢ X-Y plot, magnitude of S,,
power and S,, in decibels
OR ¢ X-Y plot, output power (P, )
. in dBm (decibels referenced
Network parameters, noise, -
to one milliwatt)
and power
e 7 Smith Chart, real and
imaginary parts of S;; and S,,
¢ Polar plot, magnitude and
phase of S|, and S,,
Other Network parameters ® X-Y plot, magnitude of S ,
Physical OR and S,; in decibels
block

Network parameters
and noise (S-, Y-, and
Z-Parameters Amplifiers
and Mixers only)

Note Only the General
Amplifier and General
Mixer blocks accept power
data.

® X-Y plot, phase of S;, and S,
in degrees

® 7 Smith Chart, real and
imaginary parts of S;; and S,,

e Polar plot, magnitude and
phase of S}, and S,,
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X-Y Plane

You can plot any parameters that are relevant to your block on an X-Y plane
plot. For this type of plot, you specify data for both the x- and y-axes. If you
specify two Y parameters, and you specify different formats for the two Y
parameters, the blockset plots the second Y parameter on the right y-axis.

The following table summarizes the available Y parameters and formats. The
parameters and formats are the same for both the left and right y-axes.

Note LS11,LS512,L821, and LS22 are large-signal S-parameters. You can plot
these parameters as a function of input power or as a function of frequency.

Y Parameter

Y Format

S11, §12, S21, S22

LS11, LS12, LS21, LS22 (General
Amplifier and General Mixer blocks
with multiple operating conditions
only)

Magnitude (decibels)
Magnitude (linear)
Angle (degrees)
Angle (radians)

Real

Imaginary

NF

Magnitude (decibels)

NFactor

None

This format tells the blockset to plot
the noise factor as it is specified to or
calculated by the block.

NTemp

Kelvin

0IP3

dBm
dBw
w
mW

VSWRIn, VSWROut

Magnitude (decibels)

None

This format tells the blockset to plot
the voltage standing-wave ratio as
it is specified to or calculated by the
block.
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Y Parameter Y Format
Pout (General Amplifier and General | dBm
Mixer blocks with power data only) | dBW

W

mw

Phase (General Amplifier and
General Mixer blocks with power
data only)

Angle (degrees)
Angle (radians)

AM/AM (General Amplifier and
General Mixer blocks with power
data only)

Magnitude (decibels)

None

This format tells the blockset to
plot the AM/AM conversion as it
1s specified to or calculated by the
block.

AM/PM (General Amplifier and
General Mixer blocks with power
data only)

Angle (degrees)
Angle (radians)

PhaseNoise (Mixer blocks only)

dBc/Hz

FMIN (Amplifier and Mixer blocks
with spot noise data only)

Magnitude (decibels)

None

This format tells the blockset to
plot the minimum noise figure as it
1s specified to or calculated by the
block.

GammaIn, GammaOut(Output Port
block only)

Magnitude (decibels)
Magnitude (linear)
Angle (degrees)
Angle (radians)

Real

Imaginary




3 Plotting Model Data

3-10

Y Parameter

Y Format

GAMMAOPT (Amplifier and Mixer
blocks with spot noise data only)

Magnitude (decibels)
Magnitude (linear)
Angle (degrees)
Angle (radians)

Real

Imaginary

RN (Amplifier and Mixer blocks with
spot noise data only)

None

This format tells the blockset to plot
the noise resistance as it is specified
to or calculated by the block.

The available X parameters depend on the Y parameters you select. The
following table summarizes the available X parameters for each of the Y

parameters in the preceding table.

Y Parameter

X Parameter

Pout, Phase, LS11,LS12, LS21, LS22 | Pin
Freq

S11, §12, S21, S22, NF, OIP3, VSWRIn, | Freq

VSWROut, GAMMAIn, GAMMAOut, FMIN,

GAMMAOPT, RN

AM/AM, AM/PM AM

The following table shows the X formats that are available for the X
parameters listed in the preceding table.

X Parameter X Format
Pin dBm

dBW

W

mw
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X Parameter X Format

Freq THz

GHz

MHz

KHz

Hz

Auto (xformat is chosen to provide
the best scaling for the given
xparameter values.)

AM Magnitude (dB)
Magnitude (linear)

When you import block data from a .p2d or .s2d file, you can also plot Y
parameters as a function of any operating condition from the file that has
numeric values, such as bias. You can specify an operating condition as the X
parameter only when validating individual blocks, and the format is always
None. This format tells the blockset to plot the operating condition values as
they are specified in the file.

Link Budget

You use the Link budget plot to understand the individual contribution of
each block to a plotted Y parameter value in a physical subsystem with
multiple components between the Input Port and the Output Port blocks.

The link budget plot is a three-dimensional plot that shows one or more curves
of parameter values as a function of frequency, ordered by the subsystem
circuit index.

The following figure shows how the circuit index is assigned to a component
in a physical subsystem based on its sequential position in the subsystem.

| | Component | | Component Component | |
Input Port (Index = 1) (Index = 2) ooo (Index = n) Output Port

A curve on the link budget plot for each circuit index represents the
contributions to the parameter value of the RF components up to that index.
The following figure shows an example of a link budget plot.
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-) cascaded_system/Dutput Port3 I ] 3]

File Edit Yiew Insert Tools Desktop ‘Window Help N
D=edak &aame|E|0E=O

m=350

Contributions to S21
from components
1,2,and 3

Contributions to S21
from components
1and 2

821 [Magnitude (decibels)]

Contributions to S21
from component 1

26
Freq [GHz] Index of the circuit

Example — Link Budget Plot

The following table summarizes the Y parameters and formats that are
available for a link budget plot.

Y Parameter Y Format

S11, §12, S21, S22 Magnitude (decibels)
Magnitude (linear)
Angle (degrees)

Real

Imaginary

0IP3 dBm
dBw
W

mw

NF Magnitude (decibels)
Magnitude (linear)

NFactor None

This format tells the blockset to plot
the noise factor as it is specified to
the block.

NTemp Kelvin
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If you specify two Y parameters, the blockset puts both parameters in a single
plot. The Y parameters must have the same formats.

For a link budget plot, the X parameter is always Freq. The format of the X
parameter specifies the units of the x-axis.

Polar Plane Plots and Smith Charts

You can use RF Blockset software to generate Polar plots and Smith Charts.
When you select these plot types, you do not need to specify the format of
any Y parameters—the formats are set automatically. If you specify two Y
parameters, the blockset puts both parameters in a single plot.

The following table describes the Polar plot and Smith Chart options. It also
lists the available Y parameters.

Plot Type Y Parameter
Polar plane S11, S12, S21, S22

LS11, LS12, LS21, LS22 (General
Amplifier and General Mixer blocks
with data from a P2D file only)

GammaIn, GammaOut (Output Port
block only)

Z Smith chart S11, S22

LS11, LS22 (General Amplifier and
General Mixer blocks with data from
a P2D file only)

GammaIn, GammaOut (Output Port
block only)
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Plot Type

Y Parameter

Y Smith chart

S11, S22

LS11, LS22 (General Amplifier and
General Mixer blocks with data from
a P2D file only)

GammalIn, GammaOut (Output Port
block only)

ZY Smith chart

S11, S22

LS11, LS22 (General Amplifier and
General Mixer blocks with data from
a P2D file only)

GammalIn, GammaOut (Output Port
block only)

How to Create a Plot

By default, the X parameter is Freq. The format of the X parameter specifies
the units of the x-axis. When you import block data from a .p2d or .s2d file,
you can also plot Y parameters as a function of any operating condition from
the file that has numeric values, such as bias. You can specify an operating
condition as the X parameter only when validating individual blocks, and
the format is always None.

1 Double-click the block to open the block dialog box, and select the

Visualization tab. The following figure shows the contents of the tab.
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Plots

Source of frequency data: |E:-:tracteu:| fram data source j
Frequency data [Hz): |[‘| 29182 Se5)
Source of input power data: |E:-:lracleu:| fram data source j

Ihput power data [dBm]: |[D:1 9]

Reference impedance [ohms): |5EI

Flat type: |><-Y' plane j
' parameter]: 511 | ¥ format]: IMagnitude [decibel&]j

' parameter?; I VI ¥ formats: I ﬂ
* parameter; IFreq VI * format; IHZ ﬂ
' gcale: ILineal VI = goale: ILineal LI

2 Select the Source of frequency data.

Select the source
Source of frequency data: IEHllaCtEd from data source ;I — of frequencies
Frequency data [Hz): I['I &3 1e8:2 9e9] gltovéﬂlggtt: plot
Source of input power data: |E>:tracted fram data source ;I

Input power data [dBm]: I[D:1 9]
Reference impedance [ohms): |5EI
Flot tppe: IX-Y plare ;I
Y parameter]: Iﬁ ¥ formatl: IMagnitude [decibels] j
' paramekers: Iﬁ ¥ farmat2: | ;I
¥ parameter: Im # format: IHz ;I

Y scale: Linear | ¥ ecale: |Linear j

Flot |

This value is the source of the frequency values at which to plot block
data. The following table summarizes the available types of sources for
the various types of blocks.
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Source of
frequency
data

Description

Blocks

User-specified

Vector of frequencies that you
enter.

When you select
User-specified in the Source
of frequency data list, the
Frequency range (Hz)

field is displayed. Enter a
vector specifying the range of
frequencies you want to plot.

For example, to plot block
data from 0.3 MHz to 5
GHz by 0.1 MHz, enter
[0.3e6:0.1e6:5€9].

Note When you select
PhaseNoise in the Parameter
list and User-specified in the
Source of frequency data list,
the Frequency range (Hz)
field is disabled. You use the
Phase noise frequency offset
(Hz) block parameter to specify
the frequency values at which
to plot block data.

All physical blocks
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Source of Description Blocks
frequency

data

Derived from Modeling frequencies derived All physical blocks
Input Port from the Input Port block

parameters parameters. For information

(Available on how the blockset computes

after running
a simulation
or clicking
the Update
Diagram

button & )

the modeling frequencies, see
“Determining the Modeling
Frequencies” on page A-3.

Same as the
S-parameters

Frequency values specified
in the Frequency block
parameter.

S-Parameters
Passive Network,
S-Parameters
Amplifier,
S-Parameters Mixer

Same as the
Y-parameters

Frequency values specified
in the Frequency block
parameter.

Y-Parameters
Passive Network,
Y-Parameters
Amplifier,
Y-Parameters Mixer

Same as the
Z-parameters

Frequency values specified
in the Frequency block
parameter.

Z-Parameters
Passive Network,
Z-Parameters
Amplifier,
Z-Parameters Mixer

Extracted
from data
source

Frequency values imported
into the Data file or RFDATA
object block parameter.

General Passive
Network, General
Amplifier, and
General Mixer

3 Enter the Reference impedance.
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Source of frequency data; IEHllaCtEd from data zource ;I

Frequency data [Hz): I['I &3 1e8:2 9e9]
Source of input power data: |E>:tracted fram data source ;I

Input power data [dBm]: I[D:1 9] Enter the
Reference impedance [ohms): |5EI —— reference
Flot tppe: IX-Y plare ;I impedance

Y parameter]: |S11 "I ¥ formatl: IMagnitude [decibels] j
' paramekers: I vl ¥ farmat2: | ;I
¥ parameter: IFleq VI # format: IHz ;I

Y scale: Linear | ¥ ecale: |Linear j

Flot |

This value is the reference impedance to use when plotting small-signal
parameters.

4 Select the Plot type.

Source of frequency data: |EHtracted from data zource ;I
Frequency data [Hz]: |[1 23 1e8:2 5929]

Saource of input power data; |EHtracted fram data saurce j
Input power data [dBm): I[EI:'I 9]

Reference impedance [ohms]: |5IJ

Plat type: |><-Y plare LI _— a%ltetcytptge
" parameter]: Im " formatd: IMagnitude [decibels) ;I

Y parameter?: Iﬁ Y format2: | j

¥ parameter; m * format; |H2 ;I

' soale: Im A scale: |Lineal ;I

Plot |

This value is the type of plot. For a description of the options, see “Types
of Plots” on page 3-3.

5 Select the following parameters:

e Y Parameterl — The first parameter for the Y-axis.
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¢ Y Parameter2 — The second parameter for the Y-axis (optional).

e X Parameter — The parameter for the X-axis.

Saource of frequency data: |E:-:lrac:teu:| fram data zource LI
Frequency data [Hz): |[1 23:1ed:2 98]
Source of input power data: IE:-:trac:ted from data source ;I

|nput power data [dBm): |[EI:1 9]

Select the first Y-axis Heference impedance [chms]: |5EI

plot parameter Plat type: IX-Y plane ;I
. ' parameter]: 511 | % fomatl:  |Magnitude [decibels] =

Optionally, select I _I

the second Y-axis—— ' parameterZ: | v| ¥ fomat2: | |

plot parameter ,— * parameter: IFreq vl * farmat: IHz LI
W zcale; ILinear vl X zcale; |Linear ;I

Select the X-axis
Flat |

plot parameter
These parameters specify the data to be plotted. The available choices vary
with the type of plot. For a description of the options for a particular plot
type, see the topic on that plot type in “Plot Formats” on page 3-5.

If you select a large-signal parameter for one or more y-axis parameters,
select the Source of power data.

Note Large-signal parameters are available only for General Amplifier or
General Mixer blocks that contain power data.
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Source of frequency data: |E>:lrac:ted from data source j
Frequency data [Hz): I[‘I e9:1e8:2.9:4]
: Select the source
Source of input power data: IEHllaCtEd from data source ;I of input power
Input power data (dBm): |[D:'| 9] values at which

to plot block data

Reference impedance [ohms): |5EI

Flat type: |><-Y' plane j

Y parameter]; IF'DUT vl 7 formatl: dBm -
' parameters: I vl " format: I VI

¥, parameter: Pt - = format; dBm -

Y zcale; ILineal VI X scales ILinear VI
Pliat |

This value is the source of the input power values at which to plot block
data. The following table summarizes the available types of sources for the
General Amplifier and General Mixer blocks.

Source of frequency data Description

Extracted from data source Input power values imported into
the Data file or RFDATA object
block parameter.

User-specified Vector of power values that you
enter.

When you select User-specified
in the Source of power data list,
the Input power data (dBm)
field is displayed. Enter a vector
specifying the range of power
values you want to plot.

For example, to plot block data
from 1 dBm to 10 dBm by 2 dBm,
enter [1:2:10].

7 Select the following formats:
®* Y Formatl — The format for the first Y parameter.
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¢ Y Format2 — The format for the second Y parameter (optional).

¢ X Format — The format for the X parameter.

Source of frequency data; |E>:trau:ted from data zource j
Frequency data [Hz]: I['I e 1ed 2 924]
Source of input power data: |E>:lrac:ted from data saurce j

Input power data (dBm): I[D:'I 9] Select the format

Reference impedance [ohms): IEEI for Y parameter1
Plat type: |><-Y plare |
v parameterl; IS'H vl ' formatl; IMagnitude [decibels] ;I Optionally, select

Y pararneter: I "I Y farmatz: | ;I the format for
Y parameter2

¥, parameter: IFreq vl * farmat; |Hz ;I P

Y zcale; ILineal VI X scale: ILinear ;I l

Select the format
for X parameter

Fliat

These are the X and Y formats for plotting the selected parameter. The
available choices vary based on the selected parameter. For a description
of the options for a particular plot type, see the topic on that plot type in
“Plot Formats” on page 3-5.

8 Select the X Scale and Y Scale.
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Source of frequency data; IEHtlaCtEd from data zource ;I
Frequency data [Hz): |['| &3 1e8: 2 9e9]

Source of input power data: IEHtracted fram data source ;I
Input power data [dBm]: I[D:1 9]

Reference impedance [ohmsz): |5EI

Flat tppe: IX-Y plare ;I
Y parameter]: m % Farmat1: IMagnitude [decibelz] ;I
' parameters; Iﬁ v format: | ;I
¥ parameter: Im # format: |H2 ;I

Select the —— ¥ zcale: Linear | Hzcale |Linear j

Y-axis scale
Flat |

Select the
X-axis scale

These are the scales on which to plot the data. The available choices are
Linear and Log.

9 Click Plot.

Note By default, the blockset does not add a legend to some plots. To display
the plot legend, type legend show at the MATLAB prompt.

Example — Plotting Component Data on a Z Smith
Chart

In this example, you simulate the frequency response of an amplifier using
data from the default.s2d S2D file.

Using a model from one of the RF Blockset demos, you import the data file
into a General Amplifier block and validate the amplifier by plotting the
S-parameters of the block on a Z Smith Chart.

1 Type sparam_amp at the MATLAB prompt to open the RF Blockset demo
called “AMP Data File for Amplifier”.
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i
File Edit View Simulaton Format Tools Help
Ol HS| LB 4@ » sfio | [Nma ARshesn nEE®
Data File for Amplifier | E———— | ————— |
| Open default.s2d | Open defaultp2d |

Inipust
Compare File Formats
-
Input = N - Output Owrtpurt | | L IM
Tnput L 3 Part General Amplifier Fort =I BFFT
Wi P Baseband-Equivalent Spechrum
White Moise = = =
Input Port Genetaline ] Bey Cutput Port
o ] ®
GCenter Frequency: 2.1 GHz B-FFT
Passband Spectrum Infa
Copyright 2002-2008 The MathWorks, Inc.
Ready [100% [ [ |FixedStepDiscrete

2 Double-click the General Amplifier block to display its parameters.
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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. s2d Browsze ... |
RFDATA object: Iread[rfdata.data, ‘default.amp’)

Interpolation methad: ILinear ﬂ

o |

Caticel | Help | Aoply |

As shown in the preceding figure, the Data source parameter is set to
Data fileand the Data file parameter is set to default.s2d. These
values tell the blockset to import data from the file default.s2d. The block
uses this data, along with the other block parameters, in simulation.

3 Select the Visualization tab and set the General Amplifier block

parameters as follows:
¢ In the Plot type list, select Z Smith chart.
® In the Y Parameterl list, select S22.



Creating Plots

=] 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 infarmation. For a frequency-dependent noise, the Noise Data tab accepts a separate
N-glement 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 & 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.

Data interpalation is used during simulation.

Main Moise Data I Monlinearity Data Visualization | Operating Conditions I

Source of frequency data: IExtracted from data source j
Frequency data (Hz): I [1.0e9:1.0e8:2.5e9]
Source of input power data: IExt’acbed from data source ;I

Input power data (dBm): ID

Reference impedance {ohms): I 50

Flot type: IZ Smith chart j

' parameter 1: 522 ~| ' formatl: Ih
Y parameter2: Iﬁ Y format2: Iﬁ
X parameter: m ¥ format: Hz -

¥ scale: Im ¥ scale: Im

Flot |
OK I Cancel | Help | Apply |

4 Click Plot.

This action creates a Z Smith Chart of the S,, parameters using the
frequency data from the default.s2d file.
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-} untitled/General Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Desd&| h|a s 0E O

70 =50 +1.0

1.0

General Amplifier Frequency Response

Note To display data tips for a plotted line, select Tools > Data Cursor.
Click the data cursor on the plotted line to see the frequency and the
parameter value at that point. See “Data Cursor — Displaying Data Values
Interactively” in the MATLAB documentation for more information.
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Updating Plots

When you run a simulation, the blockset continues to display any open plots,
but does not update the plots to reflect new simulation results. You must
update the subsystem plots after the simulation to display the behavior of
the revised subsystem.

When you make changes to the parameters of blocks that represent individual
RF components, you need to update any open plots, because the blockset does
not automatically redraw the plots.

To update an existing plot:

1 Double-click the block to open the block dialog box, and select the
Visualization tab.

[=]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: 511 - Y format: IMagnitude [decibelz] vl
Y parameters: I vl Y formatz: I YI

* parameter; Freq -  format: Hz -

Y soale: Linear - K scale: ILinear VI
Plat |

ak. I Cancel | Help | Apply |

Example Block Dialog Box Showing Visualization Tab

2 Click Plot.
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Modifying Plots

You can modify an existing plot by changing the plot options. The outcome
depends on the parameter you change.

The following table summarizes the results of changing the plot options.

Block Parameter

Plot Change

Source of frequency
data

OR
Frequency data (Hz)

Redraws plot using the new frequency data.

Source of power data
OR

Input power data
(dBm)

Redraws plot using the new power data.

Plot type

Draws plot in a new figure using the new plot
type.

Note If the current plot options are valid for
the new plot type, they retain their values.
Otherwise, they revert to their default values.

Y Parameterl
OR

Y Parameter2

If the new parameter has the same independent
variable and format as the one on the plot, the
blockset adds the new parameter to the existing
plot. Otherwise, it redraws the plot for the new
parameter and independent variable.

Y Formatl
OR
Y Format2

Redraws plot using the new format.




Modifying Plots

Block Parameter Plot Change

X Parameter Redraws plot using the new independent
variable.

X Format Redraws plot using the new format.

X Scale Redraws plot using the new scale.

Y Scale Redraws plot using the new scale.

To modify a plot:

1 Double-click the block to open the block dialog box, and select the
Visualization tab.
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[Z1Block Parameters: General Amplifier x|

— General Amplifier

Monlinear amplifier dezcribed by a data source that consists of either an RFDATA
object or data from a file. Data interpalation is used during simulation,

“‘when there is no noize 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 zource containg operating condition infarmation, uze the Operating
Conditions tab to select operating condition settings for the: zimulation.

tain Moize Data I Monlinearity Data isualization Operating Conditions

Source of frequency data; IExtracted from data source ;I
Frequency data [Hz]: |[1 e 1ed:2 9:9]
Source of input power data: IExtracted from data source LI

Input power data [dEm): I[U:1 9]

Reference impedance [ohms): IED

Flot type: |><-Y plane LI
' parameter]: 511 - ' formatl: IW
't parameter?: lﬁ ' format2: Iﬁ
* parameter: m * format: m
' soale: m # soale: Im

Plat |

Ok I Cancel | Help | Apply |

Example Block Dialog Box Showing Plot Parameters

2 Change the plot options.

3 Click Plot.
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Example — Creating and Modifying Subsystem Plots

In this section...

“Plotting the Network Parameters of a Subsystem” on page 3-31
“Adding Data to an Existing Plot” on page 3-33

“Changing Data on an Existing Plot” on page 3-35

Plotting the Network Parameters of a Subsystem

In this part of the example, you open and run an RF Blockset demo that uses
file data to specify an amplifier in a physical subsystem. Then, you plot the
network parameters of the physical subsystem, which consists of the General
Amplifier, the Input Port, and the Output Port blocks.

1 Type sparam_amp at the MATLAB prompt to open the RF Blockset demo
called “AMP Data File for Amplifier”.

2 In the model window, select Simulation > Start to run the simulation.
Once the simulation has reached steady state, select Simulation > Stop
to stop the simulation.

3 Double-click the Output Port block to open the block dialog box.

4 Select the Visualization tab and set the Output Port block parameters as
follows:

¢ In the Source of frequency data list, select Derived from Input
Port parameters.

® In the Plot type list, select X-Y plane.
¢ In the Y Parameterl list, select S21.
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[ Block Parameters: Output Port x|

Output Port:

Connection block from RF Blockset physical blocks to Simulink.

After running a simulation, various parameters of the RF system that is delimited by an Input
Port black and this Output Port block can be wisualized.

Main Visualization I

Source of frequency data: IDerived from Input Port parameters LI

Frequency data (Hz): I 129 128:3e9

Reference impedance (ohms): I 50

Plot type: IXY plane LI
Y parameter1: Im ' format1: Im
'f parameter2: Iﬁ Y format2: Iﬁ
X parameter: m ¥ format: Ih
¥ scale: Im ¥ scale: Im

Plot |
oK I Cancel | Help | Apply |

5 Click Plot.

This action plots the magnitude of S,, (in decibels) as a function of
frequency on an X-Y plot.
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SIEl]
=

File Edit view Insert Tools Desktop Window Help
N ALK RO EL- 20D

Z0= 50

29

@ -~ ®

Magnitude {decibels)

o

2
185 1.9 1.95 2 205 241 215 22 225 23 235
Freg [GHz]

S,, versus Frequency for a Physical Subsystem

Adding Data to an Existing Plot

In this part of the example, you add data to the plot you created in “Plotting
the Network Parameters of a Subsystem” on page 3-31.

1 Double-click the Output Port block to open the block dialog box.

2 Select the Visualization tab and change the value of Y Parameterl to
S22.
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[ Block Parameters: Output Port x|

Output Port:

Connection block from RF Blockset physical blocks to Simulink.

After running a simulation, various parameters of the RF system that is delimited by an Input
Port black and this Output Port block can be wisualized.

Main Visualization I

Source of frequency data: IDerived from Input Port parameters LI

Frequency data (Hz): I 129 128:3e9

Reference impedance (ohms): I 50

Plot type: IXY plane LI
' parameter1: 522 - ' format1: Im
'f parameter2: Iﬁ Y format2: Iﬁ
X parameter: m ¥ format: Ih
¥ scale: Im ¥ scale: Im

Plot |

oK I Cancel | Help | Apply

3 Click Plot.

This action adds S,, to the plot.
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SIEl]
=

File Edit view Insert Tools Desktop Window Help
N ALK RO EL- 20D

Z0=150
25 T T T T T T T T T

Magnitude {decibels)
o
i

-13
185 1.9 1.95 2 205 241 215 22 225 23 235
Freg [GHz]

S,, and S,, versus Frequency for a Physical Subsystem

Changing Data on an Existing Plot

In this part of the example, you change the data on the plot you created in the
previous steps of the example by modifying the Plot type.

1 Double-click the Output Port block to open the block dialog box.

2 Select the Visualization tab and change the value of Plot type to Polar
plane, as shown in the following figure.

As the figure shows, the value of Y Parameterl remains as S,,, the last
parameter selected for the previous plot.
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[ Block Parameters: Output Port x|

Output Port:

Connection block from RF Blockset physical blocks to Simulink.

After running a simulation, various parameters of the RF system that is delimited by an Input
Port black and this Output Port block can be wisualized.

Main Visualization I

Source of frequency data: IDerived from Input Port parameters LI

Frequency data (Hz): I 129 128:3e9

Reference impedance (ohms): I 50
Plot type: IPoIar plane LI

Y parameter1: 522 b ' format1: Im
'f parameter2: Iﬁ Y format2: Iﬁ
X parameter: m ¥ format: Ih
¥ scale: Im ¥ scale: Im

Plot |
oK I Cancel | Help | Apply |

3 Click Plot.

This action creates a Polar plane plot of S,, as a function of frequency.
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) sparam_amp/Output Port =101
.

File Edit View Insert Tools Desktop Window Help

W PR A ED =

£0=150

S,, versus Frequency for a Physical Subsystem

4 In the Output Port block dialog box, change the Plot type to Composite
data to generate four plots in one figure. The parameters for the plots
are defined by the block, so the Y Parameterl, Y Parameter2, and X
Parameter fields becomes invisible.
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3 Plotting Model Data

[=]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: |S22 VI Y format: IMagnitude [decibelz] vl
Y parameters: I - l Y formatz: I > I
F =

* parameter; I Teq l  format: IHz VI
Y soale: ILinear l K scale: ILinear VI

Plat |

ak. I Cancel | Help | Apply |

5 Click Plot.

This action creates a composite plot.

i
Fie Edt View Insert Tools Deskinp Window Help -

jj“k'kf'\'\"'\:-@;;:;ﬁ-\ﬂ'[]_-ﬁ = o

x
=
3

X-Y Piot
Magnitude of =2 Polar Plot
$12 plua) 3 511 (blue)
521 (green) & 20 522 (green)
a Of-
z
5 20
XY Plot,
Phase of
512 [blue) Zq:':;n:‘:;‘f;;\ar.
{ ) 511 (olue
21 (green) 21 o),
]
g
<

Composite Plot for a Physical Subsystem
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Block Reference

Mathematical (p. 4-2) Model RF components in terms of
mathematical equations.

Physical (p. 4-3) Model RF components in terms of
physical properties or measured data



4 Biock Reference

4-2

Mathematical

Amplifier
Bandpass RF Filter
Bandstop RF Filter
Highpass RF Filter
Lowpass RF Filter

Mixer

Complex baseband model of
amplifier with noise

Standard bandpass RF filters in
baseband-equivalent complex form

Standard bandstop RF filters in
baseband-equivalent complex form

Standard highpass RF filters in
baseband-equivalent complex form

Standard lowpass RF filters in
baseband-equivalent complex form

Complex baseband model of mixer
and local oscillator with phase noise



Physical

Physical

Ladder Filters (p. 4-3)
Series/Shunt RLC (p. 4-3)
Transmission Lines (p. 4-4)
Black Box Elements (p. 4-4)
Amplifiers (p. 4-5)

Mixers (p. 4-5)
Input/Output Ports (p. 4-5)

Ladder Filters

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/Shunt RLC

Series C
Series L
Series R
Series RLC
Shunt C
Shunt L

Ladder filter blocks

Series and shunt RLC blocks
Transmission line blocks
Black box elements blocks
Amplifier blocks

Mixer blocks

Connector blocks

Model LL.C bandpass pi network
Model LLC bandpass tee network
Model L.C bandstop p1 network
Model L.C bandstop tee network
Model LC highpass pi network
Model L.C highpass tee network
Model L.C lowpass pi network
Model L.C lowpass tee network

Model series capacitor
Model series inductor
Model series resistor
Model series RLC network
Model shunt capacitor

Model shunt inductor
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4-4

Shunt R
Shunt RLC

Transmission Lines

Coaxial Transmission Line

Coplanar Waveguide Transmission
Line

Microstrip Transmission Line

Parallel-Plate Transmission Line

RLCG Transmission Line
Transmission Line

Two-Wire Transmission Line

Black Box Elements

General Circuit Element
General Passive Network
S-Parameters Passive Network
Y-Parameters Passive Network

Z-Parameters Passive Network

Model shunt resistor

Model shunt RLC network

Model coaxial transmission line

Model coplanar waveguide
transmission line

Model microstrip transmission line

Model parallel-plate transmission
line

Model RLCG transmission line
Model general transmission line

Model two-wire transmission line

Model two-port network described
by rfckt object

Model two-port passive network
described by rfdata object

Model passive network using
S-parameters

Model passive network using
Y-parameters

Model passive network using
Z-parameters



Physical

Amplifiers

General Amplifier
S-Parameters Amplifier
Y-Parameters Amplifier

Z-Parameters Amplifier

Mixers

General Mixer
S-Parameters Mixer
Y-Parameters Mixer

Z-Parameters Mixer

Input/Output Ports

Connection Port

Input Port

Output Port

Model nonlinear amplifier described

by rfdata object or file data

Model nonlinear amplifier using
S-parameters

Model nonlinear amplifier using
Y-parameters

Model nonlinear amplifier using
Z-parameters

Model mixer and local oscillator
described by rfdata object

Model mixer and local oscillator
using S-parameters

Model mixer and local oscillator
using Y-parameters

Model mixer and local oscillator
using Z-parameters

Connection port for RF subsystem

Connection block from Simulink

environment to RF physical blocks

Connection block from RF physical

blocks to Simulink environment



4 Biock Reference

4-6



Blocks — Alphabetical List




Amplifier

Purpose
Library

Description

{> ,

Complex baseband model of amplifier with noise
Mathematical
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.



Amplifier

AMPM

=
£ »‘ (1)
Ciut

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.



Amplifier

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

Saleh hodel

=
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— [=7]
=i g
206 5
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= g
= o
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Amplifier

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.

5-5
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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.



Amplifier

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:

F yaoane) = tanh (i)

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

alpha *u

Fan anle) = 5
1+ beta*u

where u is the magnitude of the scaled signal.



Amplifier

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

2
alpha *u

Fanpnlue) = 5
1+ beta*u

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,], are used to compute the amplitude
gain for an input signal using the following function
Ta
x4l
FAHA_H[ ) = —1 + Xy
1+xqu *

where u is the magnitude of the scaled signal.

The AM/PM parameters, [y, ¥, ¥; ¥4, are used to compute the phase
change for an input signal using the following function
.,
F ap pulte) = L il
1+yqu”
where u is the magnitude of the scaled signal.

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



Amplifier

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

i
Farsante) = (1 [ i ]zds]ws

]

sat

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

5-10

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),
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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 demo
Intermodulation: Mathematical Amplifier.
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E!math_amp
File Edit View Simulaton Format Tools Help

=10l]
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Intermodulation: Mathematical Amplifier

Multitone Input v v
FFT
Amplifier Cutput

Bassband-Eguivalent Slider Gain
Multitone Signal

The bassband-squivalent
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@ Input M

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

This demo 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.
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References

See Also

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

<) math_amp/0Output
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File #xes Chanmels ‘Window Help
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Bandpass RF Filter, Bandstop RF Filter, Highpass RF Filter, Lowpass
RF Filter, Mixer

5-15



Bandpass RF Filter

5-16

Purpose
Library

Description

TR
T e B
il

Standard bandpass RF filters in baseband-equivalent complex form
Mathematical
The Bandpass RF Filter block lets you design standard analog bandpass

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 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.

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.



Bandpass RF Filter

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, 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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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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Bandstop RF Filter

Purpose Standard bandstop RF filters in baseband-equivalent complex form
Librclry Mathematical
Description The Bandstop RF Filter block lets you design standard analog bandstop
filters, implemented in baseband-equivalent complex form. The
s following table describes the available design methods.
T e P
M q 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 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.

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.
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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.



Bandstop RF Filter

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. Both can be expressed in terms of the
resistance (R), inductance (L), conductance (G), and capacitance (C)
per unit length (meters) as follows:

z, = |B+J20L
G+ j2nfC

0

k =k +jk, = JIR+ j2nfL)(G + j2nfC)

where

G = 277(1);
In ()

a

c 2me

In these equations:

5-25



Coaxial Transmission Line

5-26

“cand 1s the conductivity in the conductor.
e U is the permeability of the dielectric.

® =1is the permittivity of the dielectric.

e ¢” is the imaginary part of &, € = €€, tan O, where:
= g,1s the permittivity of free space.
= &,1is the Relative permittivity constant parameter value.
= tand is the Loss tangent of dielectric parameter value.

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

as 1¢ “f.memd.

® 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 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=1Z,
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

A=1
B=zin
=10
D=1
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Dialog
Box
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Main Tab
x|

Coaxial Trar 1 Lin
’7Model a coaxial transmission line,

Main | \ﬁsualizaﬁonl

Outer 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 0

Conductivity of conductor (5,/m): Iinf

Transmission line length {m): IU.DI
Stub mode: INot a stub ;I
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 1.

Relative permittivity constant
Relative permittivity of the dielectric expressed as the ratio of the
permittivity of the dielectric to permittivity in free space =0.

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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References

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

[T1Block Parameters: Coaxial Transmission Line |

" Coasial Transmission Ling

Maodel a coasial transmiszion 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]: 521 | formatl: |Angle [degrees) -
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | format: lm
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

For information about plotting the transmission line parameters, see
Chapter 3, “Plotting Model Data”.

[1] Pozar, David M. Microwave Engineering, John Wiley & Sons, Inc.,
2005.
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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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Connection Port

Purpose Connection port for RF subsystem
Librclry Input/Output Ports sublibrary of the Physical library
Description The Connection Port block, placed inside a subsystem composed of RF

Blockset blocks, creates an RF Blockset open round physical modeling
connector port <* on the boundary of the subsystem. When it is
connected to a connection line, the port becomes solid .

S

Connection Port

You connect individual RF Blockset blocks and subsystems made of
RF Blockset blocks to one another with RF Blockset connection lines,
instead of normal Simulink signal lines. These blocks and subsystems
are anchored at the open, round physical modeling connector ports

3. Subsystems constructed out of RF Blockset blocks automatically
have such open round physical modeling connector ports. You can add
additional connector ports by adding Connection Port blocks to your

subsystem.
L]

Dialog x
Box —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 In Simulink, see Creating Subsystems.
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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/Z,
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.

o T o o T o
Zin Ze'n

[ 0 o 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=2Z
C=0
D-1
Dialog Main Tab
Box
X

Coplanar ' aveguide Transmission Lin
’7 Model a coplanar waveguide transmiszion line.

I\-"isualization |

Conductor width [m]: ID.Ee-3
Slat width (m]: J0.2e3
Substrate height (m]: |0535=-3
Strip thickness [m): |0.005e-3

Relative perittivity constant: IS.E

Conductivity in conductor (S /m]: Iinf

Lozs tangent in dielectric: ID

Transmigzion line length [m): ID.EI1

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

0K 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 =u.

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 the transmission line parameters, see
Chapter 3, “Plotting Model Data”.

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
Appendix A, “RF Blockset 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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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

P out *1="PiaB in + 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 class) 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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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, RF
Blockset 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 = So1(fp)—P,,;(fp)+ P, (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
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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 0, 0.5 0]),
which creates a data object.

e A MATLAB expression that generates such an object.
See the RF Toolbox documentation for more information about
data objects.

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).

5-49



General Amplifier

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 the amplifier parameters, see Chapter 3,
“Plotting Model Data”. 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

5-51



General Amplifier

5-52

Examples

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.

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.



General Amplifier

[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 a demonstration of how to use 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)
interp1 (MATLAB)
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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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Examples

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 circuit parameters, see Chapter 3,
“Plotting Model Data”.

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.

5-58



General Circuit Element

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 “Mapping Network
Parameters to Modeling Frequencies” on page A-5 for more details.

RF Blockset software computes the reflected wave at the mixer input

(b1) and at the mixer output (b9 ) from the interpolated S-parameters as

|:b1(fin):|:[sll 312}[0‘1(1%)]
bo(four)| [S21 Saz || ao(four)
where

e T an are the mixer input and output frequencies, respectively.
f, and f , areth put and output freq pectively

®* @; 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:

® Spot noise data in the data source.
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® Spot noise data in the block dialog box.

® Spot noise data (rfdata.noise class) 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,

P out *1=Piap 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 an RF Blockset 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 0, 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
class 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

out ?

mixer input frequency, fin , and the local oscillator frequency, f

lo>
aslout = JTc:l'r: _f!n. If you choose Upconverter, fﬂlﬂ!‘ = JTc:l'r: + f!n.

Note The mixer output frequency must be positive. This means
that if you choose a downconverting mixer, fin must be greater

than flo' 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
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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

[=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

] I Cancel | Help | Apply |

For information about plotting the mixer parameters, see Chapter 3,
“Plotting Model Data”. 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 “Mapping Network
Parameters to Modeling Frequencies” on page A-5 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 amplifier
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 0, 0.5 0]),
which creates a data object, or (3) a MATLAB expression that
generates such an object. See the RF Toolbox documentation for
more information about data objects.

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




General Passive Network

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 circuit parameters, see Chapter 3,
“Plotting Model Data”.

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

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 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.

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.
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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.




Highpass RF Filter

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)



Input Port

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 RF Blockset physical modeling
environment signals, see “Converting to and from Simulink Signals” on
page A-32. For more information about connecting mathematical and
physical parts of a model, see Chapter 2, “Modeling an RF System”.

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.
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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 “Converting to and
from Simulink Signals” on page A-32.

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” on page A-13.

Note The RF Blockset 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 about how the
software calculates the baseband-equivalent impulse response,
see “Calculating the Baseband-Equivalent Impulse Response”
on page A-16.
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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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Amplitude

Frequency-Domain WWindow
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Baszeband-Equivalent Frequency in Hz

See “Creating a Complex Baseband-Equivalent Model” on page
A-13 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 “Creating a Complex Baseband-Equivalent Model” on page
A-13 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.

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=7, 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.

L, Co Ly Cy

[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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Examples

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 -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 the filter parameters, see Chapter 3,
“Plotting Model Data”.

Using a Ladder Filter Block to Filter Gaussian Noise

This example provides complex random noise in Gaussian form as input
to an LLC Bandpass Pi block. A Signal Processing Blockset Spectrum
Scope block plots the filtered output.
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File Edit View Simulation Format Tools Help
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4

The Signal Processing Blockset 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].

5-97



LC Bandpass Pi

5-98

[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.



LC Bandpass Pi
|

J: Ichandpasspi2 /Spectrum Scope - |EI|1|
File Axes Channels ‘Window Help L
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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

5-100

=

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=7, 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.



LC Bandpass Tee

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

5-102

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 the filter parameters, see Chapter 3,

“Plotting Model Data”.

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, 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

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=7, 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 |

L

Source of frequency data: IUser-specified

Frequency data [Hz]: I[EDDBE:4eB: A00eE]

Reference impedance [ohms]:ISU

Flat type: IX-Y plane

Y parameter]: |S2‘I vl ¥ format]: IMagnitude [decibels] vl
Y parameter?: I vl ' formatz:

¥ parameter: Freq | Kformat |Hz hd

Y soale: ILinear vl # soale: ILinear 'l

Plat

;|I;

:

QK I Cancel | Help | Apply |

For information about plotting the filter parameters, see Chapter 3,
“Plotting Model Data”.

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, LC Bandpass Pi, LC Bandpass Tee, 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 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=7, 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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Examples

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 the filter parameters, see Chapter 3,

“Plotting Model Data”.

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 Bandpass Tee, LLC
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




LC Highpass Pi

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=7Z, 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 |

L

Source of frequency data: IUser-specified

Frequency data [Hz]: |[1 1ehdef]

Reference impedance [ohms]:ISU

Flat type: IX-Y plane

Y parameter]: |S2‘I vl ¥ format]: IMagnitude [decibels] vl
Y parameter?: I vl ' formatz:

¥ parameter: Freq | Kformat |Hz hd

Y soale: ILinear vl # soale: ILinear 'l

Plat

;|I;

:

QK I Cancel | Help | Apply |

For information about plotting the filter parameters, see Chapter 3,
“Plotting Model Data”.

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, LC Bandpass Pi, LC Bandpass Tee, LC
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
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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=7Z, 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.
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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 the filter parameters, see Chapter 3,

“Plotting Model Data”.

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 Bandpass Tee, LLC
Bandstop Pi, LC Bandstop Tee, LLC Highpass Pi, LC Lowpass Pi, LC
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=7Z, 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 Toolboxabcd2s
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 |

L

Source of frequency data: IUser-specified

Frequency data [Hz]: |[1 1.0e5:4e6]

Reference impedance [ohms]:ISU

Flat type: IX-Y plane

Y parameter]: |S2‘I vl ¥ format]: IMagnitude [decibels] vl
Y parameter?: I vl ' formatz:

¥ parameter: Freq | Kformat |Hz hd

Y soale: ILinear vl # soale: ILinear 'l

Plat

;|I;

:

QK I Cancel | Help | Apply |

For information about plotting the filter parameters, see Chapter 3,
“Plotting Model Data”.

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, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LC 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
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Purpose
Library

Description
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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=7Z, 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 L Ls

P -

— C4 N C2 — C3

[L,, Ly, L, ...] is the value of the 'L' property, and [C,, C,, C,, ...] is the
value of the 'C' property.



LC Lowpass Tee

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 the filter parameters, see Chapter 3,
“Plotting Model Data”.

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, LC Bandpass Pi, LC Bandpass Tee, LLC
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC
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
TR . B
T e

Standard lowpass RF filters in baseband-equivalent complex form
Mathematical
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.

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.
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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.
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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 ().

~ 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:
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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/Z,
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.

o T o o T o
Zin Ze'n

[ 0 o 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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Main Tab
x|

’—Microstrip Transmission Lint

Model a microstrip transmission line.

Main | \ﬁsualizaﬁonl

Strip width (m): |0.6e-3
Substrate height (m): |0.6352-3
Strip thickness (m): | 0.005e-3

Relative permittivity constant: IQ.S

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

QK 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 =u.



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 the transmission line parameters, see

Chapter 3, “Plotting Model Data”.
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References

See Also

5-130

[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

Purpose
Library

Description

i

Complex baseband model of mixer and local oscillator with phase noise
Mathematical

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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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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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 RF Blockset physical modeling environment signals to mathematical
Simulink signals, see “Converting to and from Simulink Signals” on
page A-32. For more information about connecting mathematical and
physical parts of a model, see Chapter 2, “Modeling an RF System”.

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
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of the cascaded physical blocks to calculate the baseband-equivalent
impulse response. Specifically, it

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

o= huin+ g P=LeN
where
frnin = fc = i
Calculates the passband transfer function for the frequency range as
H(p) =)
Vs()

where Vg and V, are the source and load voltages, and f represents
the modeling frequencies. More specifically,

So1 *(1+17)*(1-Ty)
2%(1- 899 *T7)(1-Ty, *Ty)

H(f)=

where
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Zl+Zo
1—~S — Zs _Zo
Zs+Z,

, I
Tin =S11 +(S12 *Sa1 xm)
—So

and
® Zgis the source impedance.
¢ Z, is the load impedance.

. Sij 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:
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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 Hif —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 Signal Processing Blockset 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.
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The nonlinearities of AM/AM and AM/PM conversions are extracted
from the power data of an amplifier or mixer by the equations

AMout = JRI ' P-:rut

PM_,; = Phase

AM, - R P_

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, and Phase 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
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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 Chapter 3, “Plotting Model Data”.

[=]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)
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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 z 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=¢ >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. Both can be expressed in terms of the
resistance (R), inductance (L), conductance (G), and capacitance (C)
per unit length (meters) as follows:

z, = |B+J20L
G+ j2nfC

0

k =k +jk, = JIR+ j2nfL)(G + j2nfC)

where
Re_ 2
wacondSCond
L=y a
w
G=ows"¥
d
c=:%
d

In these equations:

® Zcondis the conductivity in the conductor.
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e U is the permeability of the dielectric.

® =1is the permittivity of the dielectric.

e ¢” is the imaginary part of &, € = €€, tan O, where:
= g,1s the permittivity of free space.
= &,1is the Relative permittivity constant parameter value.
= tand is the Loss tangent of dielectric parameter value.

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

Ccon
as 1"" If!'lcgmd.

® 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.
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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=1Z,
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

A=1
B=zin
=10
D=1
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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 1.

Relative permittivity constant
Relative permittivity of the dielectric expressed as the ratio of the
permittivity of the dielectric to permittivity in free space =0.

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 the transmission line parameters, see
Chapter 3, “Plotting Model Data”.

References [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 ' = 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=¢ >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. Both can be expressed in terms of the
resistance (R), inductance (L), conductance (G), and capacitance (C)
per unit length (meters) as follows:

R+ j2nfL
ZO =al N e o~
G+ j2rnfC

k =k +jk, = JIR+ j2nfL)(G + j2nfC)

r

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/Z,
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.

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
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A=1
B=2Z
=10
D=1
Dialog Main Tab
Box
X

todel an RLCG transmission line.

’—H LCG Transmizsion Lin

I Yisualization |

Resistance per length [ohmsm): ID

Inductance per length [H/m]: ID

Capacitance per length [F./m]: ID

Conductance per length [S/m]: ID

Frequency [Hz): |1 el
Interpolation methad: I Lirear ;I
Tranzmigzion line length [m): ID.D1
Stub mode: I Mot a stub LI
Termination of gtub: I Open LI

ak 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 the transmission line parameters, see
Chapter 3, “Plotting Model Data”.
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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

5-156

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 . - —
PP £
S11 | Sie " S
T
Sa1 | See et
fa_ Frequendes
f fo

The S-Parameters Amplifier block interpolates the given S-parameters
to determine their values at the modeling frequencies. See Appendix
A, “RF Blockset 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

P out T1= P 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 = 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
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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 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 the amplifier parameters, see Chapter
3, “Plotting Model Data”.
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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 Appendix A, “RF Blockset
Algorithms”.

RF Blockset software computes the reflected wave at the mixer input

(b1) and at the mixer output (b9 ) 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 +GCyq = Psat,in +Gyy,

P out *1=Piap 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

5-174

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

out ?
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mixer input frequency, fin , and the local oscillator frequency, f

lo>
as fﬂlﬂ!‘ = Tin _f!n. If you choose Upconverter, fﬂlﬂ!‘ = J]Ir::l'r: T o

Note The mixer output frequency must be positive. This means
that if you choose a downconverting mixer, fin must be greater

than f|o. Otherwise, an error appears.
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Noise Data Tab

E! Block Parameters: S-Parameters Mixer x|

—S-Parameters Mixer

RF mixer described by frequency-dependent 5-Parameters, noise data, and nonlinearity
data.

Use the Main tab to specify a 2x2xM array of S-Parameters, an M-glement 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 mixer noise information. For a freguency-dependent noise,
the Noise 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 M-element vector of
the corresponding frequency values,

Data interpolation is used during simulation.

Main MNoise Data | Monlinearity Data I Visualization I

Phase noise frequency offset (Hz): I [0.11 10 100]*1e3
Phase noise level (dBc/Hz): I[-?D -120 -140 -150]
Moise type: INoise figure LI
Moise figure (dB): ID
Minimum noise figure {dB): ID
Optimal reflection coefficent: I 1400
Equivalent normalized noise resistance: I 1
Moise factor: I 1
Maise temperature (K): ID
Freguency (Hz): I 2.0e9

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: 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 |
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: 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 the amplifier parameters, see Chapter
3, “Plotting Model Data”.

5-182



S-Parameters Mixer

See Also General Mixer, Output Port, Y-Parameters Mixer, Z-Parameters Mixer
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Purpose
Library

Description
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wl

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 . - —
array ~\\ -.'._,-" _.-'"&11 __,.g"
- 12
PR
S11 | 512 22
-7 e
,a-"-'.. -
So1 | Ses .
fa_ Fequendes
fa
fi

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
Appendix A, “RF Blockset Algorithms” for more details.



S-Parameters Passive Network

L
Dialog Main Tab
Box
x|

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
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:

Frequency data (Hz):

Reference impedance {ohms):

Plot type:

Y parameter 1:
Y parameter2:
¥ parameter:

¥ scale:

ISame as the S-Parameters ;I
|[1.525:1.0e6:2.2e9]

|50

IX-’T’ plane LI

511 w| rformatt:  [Magnitude (decbels) <

I - l ¥ format2:
IFreq - l ¥ format:
ILinear - l ¥ scale:

I jv

Hz -

ILinear h l
Plot |

OK I Cancel |

Help | Apply |

For information about plotting circuit parameters, see Chapter 3,
“Plotting Model Data”.
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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-.231i;.03-.121;.03-.12i;-.96-.231i;...
-.96-.11i;.02-.211;.02-.211i;-.96-.111i],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

] I Cancel | Help I Aoply |

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

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

Frequency data [Hz]:

=

JI1.925:1 0e6:2 269]

Reference impedance [ohms]: IED

Flot type: |><-Y plane

‘' parameterl: S - 't farmatl:

¥ parameters:

I hd l ' format2:

¥ parameter: IFreq 'I * format:
' seale: Linear hd # soale

IMagnitude [decibels] 'l
Hz A

ILinear hd l
Plat |

Ok 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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Series C

Purpose
Library

Description

_|'_

Dialog
Box

Model series capacitor
Ladders Filters sublibrary of the Physical library

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.

Main Tab
%]

Series C
’7.& sefies 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: Series € |

Series C
’7.& series 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 the series capacitor parameters, see
Chapter 3, “Plotting Model Data”.

See Also General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LLC 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
Library

Description

—nnr—

Dialog
Box

Model series inductor
Ladders Filters sublibrary of the Physical library

The Series L block models the series inductor described in the block
dialog box, in terms of its frequency-dependent S-parameters.

The series L object is a two-port network, as shown in the following
circuit diagram.

L
Y

Main Tab
%]

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

5-194

Inductance (H)
Scalar value for the inductance. The value must be nonnegative.

Visualization Tab

x|
Series L
’7.& zeries inductive [L] element,
Main WVisualization |
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]: |S2‘I ;I *r format: IMagnitude [decibels] LI
' parameters: I LI  formatz: I LI
* parameter. IFleq ;I * farmat; IHz LI
Y zcale: ILinear LI  zcale: ILinear LI
Plat |
ak I Cancel | Help | Apply |

For information about plotting the series inductor parameters, see
Chapter 3, “Plotting Model Data”.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LLC 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
Library

Description

~ A

Dialog
Box

Model series

Ladders Filters sublibrary of the Physical library

resistor

The Series R block models the series resistor described in the block

dialog box, in terms of its frequency-dependent S-parameters.

The series R object is a two-port network, as shown in the following
circuit diagram.

R

— W

Main Tab

E! Block Parameters: Series R

Series B
’VA zenies resistive [R] element.

tain | Visualizationl

Resistance [ohms]: |1

o]

Cancel

Help

Apply
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See Also

5-196

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: IUser-specified LI
Frequency data [Hz]: |[1 1.0ef:4e6]

Rieference impedance [ohms]:ISD

Flat type: IX-Y plane LI
Y parameter]: IS 21 LI ' format: IM agnitude [decibels] ;I
' parameters: I LI  formatz: I LI
* parameter. IFleq ;I * farmat; IH z LI
Y zcale: ILinear LI  zcale: ILinear LI

Plat

:

ok I Cancel |

Help | Apply |

For information about plotting the series resistor parameters, see
Chapter 3, “Plotting Model Data”.

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



Series RLC
|

Purpose Model series RLC network
Librclry Ladders Filters sublibrary of the Physical library
Description The Series RLC block models the series RLC network described in the
block dialog box, in terms of its frequency-dependent S-parameters.
=TI ——
@ &

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=7Z, C=0, and D = 1, where

7 ~LCw”+ jRCu+1
JCw

andw = 2xf

The series RLC object is a two-port network as shown in the following
circuit diagram.

R L C

e
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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

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: |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 the filter parameters, see Chapter 3,

“Plotting Model Data”.

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
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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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See Also

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]: 521 | Y formatl: |Magnitude [decibels] =
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | xformat  |Hz -
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

For information about plotting the shunt capacitor parameters, see
Chapter 3, “Plotting Model Data”.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LLC 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 Model shunt inductor

I.ibrclry Ladders Filters sublibrary of the Physical library

Description 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.

L
Dialog Main Tab
Box
x

Shunt L
’7.& shunt 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: 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]: 521 | Y formatl: |Magnitude [decibels] =
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | xformat  |Hz -
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

For information about plotting the shunt inductor parameters, see
Chapter 3, “Plotting Model Data”.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LLC 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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Shunt R

Purpose Model shunt resistor

I.ibrclry Ladders Filters sublibrary of the Physical library

Description 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.

R
Dialog Main Tab
Box
x

Shunt B
’7.& shunt resistive [R] element.

Main | Visualizationl

Resistance [ohmsz]: |1

ak. I Cancel Help Apply
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Shunt R

See Also

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:
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 the shunt resistor parameters, see
Chapter 3, “Plotting Model Data”.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LC
Bandstop Pi, LC Bandstop Tee, LLC 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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Shunt RLC

Purpose
Library

Description

5-206

Model shunt RLC network
Ladders Filters sublibrary of the Physical library

The Shunt RLC block models the shunt 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=0, C=Y, and D = 1, where

_-LCu 4+ j(L/R)w+1

Y JLw

and w = 2wf.

The shunt RLC object is a two-port network as shown in the following
circuit diagram.




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

5-208

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]:ISD
Flot type: IX-Y plane ;I
' parameter: |S2‘I LI ' format: IMagnitude [decibels] LI
' parameter2: I ;I ' format2: I LI
* parameter: IFleq LI * farmat: IHz LI
Y goale: ILinear LI X goale: ILinear ;I
Flot |

QK I Cancel | Help | Apply |

For information about plotting the filter parameters, see Chapter 3,

“Plotting Model Data”.

General Passive Network, LLC Bandpass Pi,

RLC, Shunt C, Shunt L, Shunt R

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 R, Series




Transmission Line

Purpose
Library

Description

—
L= &
—_—
Transmission Ling

Model general transmission line
Transmission Lines sublibrary of the Physical library

The Transmission Line block models the transmission line described

in the block dialog box in terms of its physical parameters. The
transmission line, which can be lossy or lossless, is treated as a two-port
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=¢ >l<e
2% 7,
D:ekd+e—kd
2

Z,1s the specified characteristic impedance. k is a vector whose elements
correspond to the elements of f, a vector of modeling frequencies.
The block calculates k& from the specified parameters as k = o, +i[,
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Transmission Line

5-210

where &, is the attenuation coefficient and P is the wave number. The
attenuation coefficient &, is related to the specified loss, g, by

=
o = -Ini0 *

and the wave number [ is related to the specified phase velocity, Vj, by
_ 2xf
B = V
r

The phase velocity Vj 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



Transmission Line

A=1
B=0
c=1/zZ,
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.

a & a a 4 o
Z:'n | Z:'n |

o Ll o sl

Z,, is the input impedance of the series circuit. The ABCD-parameters

for the series stub are calculated as

A=1
B=2Z,
=10
D=1
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Dialog
Box

5-212

Main Tab
£

" Transmission Line

Model a transmission line.

Main | Visualizationl

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.

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

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



Transmission Line

References

See Also

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]: 521 | formatl: |Angle [degrees) -
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | format: lm
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

For information about plotting the transmission line parameters, see
Chapter 3, “Plotting Model Data”.

[1] Ludwig, Reinhold and Pavel Bretchko, RF Circuit Design: Theory
and Applications, Prentice-Hall, 2000.

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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Two-Wire Transmission Line

Purpose
Library

Description

Tuwo-Wlfire

5-214

Model two-wire transmission line
Transmission Lines sublibrary of the Physical library

The Two-Wire Transmission Line block models the two-wire
transmission line described in the block dialog box in terms of
its frequency-dependent S-parameters. A two-wire transmission
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. RF Blockset 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.



Two-Wire Transmission Line

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+ j2nfL
Zo= |~
G+ j2nfC

k =k +jk, = JIR+ j2nfL)(G + j2nfC)

where
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5-216

Ro_ 1
”agcondécond
L=£ a cosh (BJ
T 2a
Go nwe”
(2]
acosh| —
2a
C = LD
a cosh ()
2a

In these equations:

® T.andis the conductivity in the conductor.
e U is the permeability of the dielectric.

® =1is the permittivity of the dielectric.

e ¢” is the imaginary part of g, g = €€, tan O, where:
= &,1s the permittivity of free space.
= &,1is the Relative permittivity constant parameter value.
= tand is the Loss tangent of dielectric parameter value.

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

as 1¢ F‘If!'lccﬂnd-

® 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



Two-Wire Transmission Line

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/zZ,
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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Two-Wire Transmission Line

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
E

c
D

in
0
1

Dialog Main Tab
Box
5

’—TwoJWireT.m ission Lin

Model a two-wire transmission line.

Main | \ﬁsualizaﬁonl

Wire radius {m): ID.6?9—3

Wire separation (m): I 1.62e-3

Relative permeability constant: I 1

Relative permittivity constant: I 2.3

Loss tangent of dielectric: I i}

Conductivity of conductor (5/m): Iinf

Transmission line length (m): ID.DI
Stub mode: INot a stub LI
Termination of stub: IOpen ;I

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 H.

Relative permittivity constant
Relative permittivity of the dielectric expressed as the ratio of the
permittivity of the dielectric to permittivity in free space =u.

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: 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 the transmission line parameters, see
Chapter 3, “Plotting Model Data”.

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

General Passive Network, Transmission Line, Microstrip Transmission
Line, Parallel-Plate Transmission Line
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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 Appendix A, “RF Blockset Algorithms” for more details.

Nonlinearity

You can introduce nonlinearities into your model by specifying
parameters in the Nonlinearity Data tab of the Y-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

Fanrsanm(s)=cis+cg |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.

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

P out T1=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

5-224

® 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
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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 the amplifier parameters, see Chapter
3, “Plotting Model Data”.
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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, 0.08i; -.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.
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[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
1.8 1.9 2 2.1 2.2 2.3 2.4 2.8
Freq [GHz]
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 Appendix A, “RF Blockset Algorithms” for more details.

RF Blockset software computes the reflected wave at the mixer input

(b1) and at the mixer output (b9 ) from the interpolated S-parameters as

|:b1(fin):|:[sll 312}[%(}%)]
bo(four)| [S21 Sag || aa(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:

® Spot noise data in the Y-Parameters Mixer block dialog box.
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® 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
P out +1=PraBin + 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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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.

5-239



Y-Parameters Mixer

Y- pammeters -
array \\\ ..-"ﬂ" ..-"‘I‘r:1 ‘J‘.E-;Qr
L —
4"
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, RF

Blockset software computes the mixer output frequency, fout ,

from the mixer input frequency, f. , and the local oscillator

in?

frequency, | out = Fin—Flo, It you choose Upconverter,

nur nt Ia
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Note The mixer output frequency must be positive. This means
that if you choose a downconverting mixer, fin must be greater

than f|o. Otherwise, an error appears.

Noise Data Tab

] Block Parameters: ¥-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-element vector of the
corresponding frequency values.

Use the Moise 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 Monlinearity 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 offset (Hz): I['Il.l 110 100]*1e3
Phase noise level (dBc/Hz): I[-?IZI -120 -140 -150]
Moise type: Il‘-loise figure ;I
Moise figure (dB): IIII
Minimum noise figure (dB): IIII
Optimal reflection coefficient: I 1400
Equivalent normalized noise resistance: I 1
Moise factor: I i
Moise temperature {K): IIII
Freguency (Hz): I 2.0e%

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

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 the mixer parameters, see Chapter 3,
“Plotting Model Data”.
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See Also General Mixer, Output Port, S-Parameters Mixer, Z-Parameters Mixer
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Purpose
Library

Description
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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 Appendix A, “RF Blockset 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.

air IVisuaIization 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.

Method

Linear (default)

Description

Linear interpolation
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Method Description

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 circuit parameters, see Chapter 3,
“Plotting Model Data”.

Examples Plotting Parameters with the Y-Parameters Passive Network
Block

The following example specifies Y-parameters [.231, -.121; -.121, .231]
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,[.231i,-.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
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Z-Paamates
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 . _ —
array \\ ..-"H*F ..-"i-n “ZIQ
# . - L
Zyy | Zye 7o
IR s
Zoy | Zgg et
Fo_ Frequendies
fa
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 Appendix A, “RF Blockset Algorithms” for more details.

Nonlinearity

You can introduce nonlinearities into your model by specifying
parameters in the Nonlinearity Data tab of the Z-Parameters
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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 +GCyq = Psat,in +Gyy,

P out *1=Pigp 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 = 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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Dialog
Box

® 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.

.
Main Tab
[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.

I Moize D ata | Monlinearity Data | Wisualization

Z-Parameters: I[50,D;1 00.50]
Frequency [Hz): |2.De!3
Interpolation method:l Lirear LI

ak. I Cancel | Help | Apply |

Z-Parameters
Z-parameters for a nonlinear amplifier in a 2-by-2-by-M array. M
is the number of Z-parameters.
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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.

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: Z-Parameters Amplifier x|

— 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
corresponding frequency 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 interpolation 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: 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.

5-261



Z-Parameters Amplifier

5-262

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 the amplifier parameters, see Chapter
3, “Plotting Model Data”.
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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+3.84i],...
[15.12+3.55i, 4.14-0.92i; 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:

e 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€9:1.0e8:2.2¢e9].

¢ 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 x|

— Z-Parameters Amplifier

Monlinear amplifier dezcribed by frequency-dependent Z-Parameters, noige data, and
nonlinearnity data.

Uze the Main tab to specify a 242wk array of Z-Parameters and an M-element vectar of
the comesponding frequency values.

Use the Maize Data tab to specify amplifier noize information.
Usge the Monlinearity Data tab to specify amplifier nonlinearity information.

D ata interpolation iz used during simulation.

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: IMagnitude [decibels] VI
' parameterd: I - l Y format: I - l
¥ parameter: IFreq - l # format; Hz -

Y scals: Linear > | X scale Linear -

] 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
S‘I‘I
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

&
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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 Appendix A, “RF Blockset Algorithms” for more details.

RF Blockset software computes the reflected wave at the mixer input

(b1) and at the mixer output (b9 ) 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 a9 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:

® Spot noise data in the Z-Parameters Mixer block dialog box.
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® 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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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 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
PraBout +1=PaBin + 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 =G \/Psat,in +c3 (\/Psat,in ) ¢ ( Psat,in ) +e7 ( Psat,in )

JPuaBout =1\[Piagin + s (JPiapin )3 + 5 (JPrag 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

Z-Parameters: J[50.0:100,50]

Frequency [Hz): |2.De9

Interpolation method:l Linear LI
Mixer type: I Downconverter LI

L0 frequency [Hz): ID.QES

ak. I 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

out ?

mixer input frequency, f;., and the local oscillator frequency, f

lo?
as Fout = Fin—Tio, 1f you choose Upconverter, Fout = FintFio,
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Note The mixer output frequency must be positive. This means
that if you choose a downconverting mixer, fin must be greater

than f|o. Otherwise, an error appears.

Noise Data Tab

] Block Parameters: Z-Parameters Micer |

— Z-Parameters Mixer

RF mixer described by frequency-dependent Z-Parameters, noize 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 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 MNonlinearity Data I Visualization I

Phase noise frequency offset (Hz): I [0.11 10 100]*1e3
Phase noise level (dBc/Hz): I[-?IZI -120 -140 -150]
Moise type: Il‘-loise figure LI
Maise figure (dB): IIII
Minimum noise figure (dB): IIII
Optimal reflection coefficent: I 1400
Equivalent normalized noise resistance: I 1
Maise factor: I i
Moise temperature (K): IIII
Freguency (Hz): I 2.0e%

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 |

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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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: Irvlagnit'ude (decibels) 'l
Y parameter2: I hd l Y format2: I vl

X parameter: IFreq Vl ¥ format: Hz -

¥ scale: ILinear Vl % scale: ILinear 'l

Plot |

QK I Cancel | Help | Apply

For information about plotting the mixer parameters, see Chapter 3,

“Plotting Model Data”.
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See Also General Mixer, Output Port, S-Parameters Mixer, Y-Parameters Mixer
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Purpose
Library

Description

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 Appendix A, “RF Blockset 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.

Method

Description

Linear (default)

Linear interpolation
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Examples

Method Description

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 circuit parameters, see Chapter 3,

“Plotting Model Data”.

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, .13-5.931] and [0.27-2.861, -.09-5.411; -.09-5.411, .27-2.861] 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,.03-3.16i; 0.03-3.161,.13-5.931i],...
[0.27-2.861,-.09-5.411i; -.09-5.411i,.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.

CBlock Parameters: 2-Parameters Passive Network x|

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.

IVisuaIization |

Z-Parameters: Izparams
Frequency [Hz]: |[2.DES,2.1 ed]
Interpolation method:l Linear LI

QK I Cancel Help Apply

5-284



Z-Parameters Passive Network

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
[1.9€9:1.0e8:2.2e9].

¢ 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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<) 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 1.95 2 2.05 2.1 215 2.2 2.25
Freq [GHz]
See Also 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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¢ “Simulating an RF Model” on page A-2

¢ “Determining the Modeling Frequencies” on page A-3

e “Mapping Network Parameters to Modeling Frequencies” on page A-5
® “Modeling Noise in an RF System” on page A-7

¢ “Creating a Complex Baseband-Equivalent Model” on page A-13

® “Converting to and from Simulink Signals” on page A-32
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Simulating an RF Model

When you simulate a model that contains physical blocks, RF Blockset
software determines the modeling frequencies of the physical system

using the Input Port block parameters. The modeling frequencies are the
frequencies at which the blockset takes information from the blocks to
construct the baseband-equivalent model. Then, the software determines
the block parameter values at those frequencies and uses the information to
create a baseband-equivalent model for Simulink time-domain simulation.
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Determining the Modeling Frequencies

When you simulate an RF model, the Output Port block uses Input Port block
parameters to determine the modeling frequencies f for the physical system
that is bracketed between the Input Port block and the Output Port block. fis
an N-element vector, where N is the finite impulse response filter length. The
modeling frequencies are a function of the center frequency f, and the sample
time ¢,. The following figure shows the Input Port block parameters that
determine the modeling frequencies.

E! 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 technigue.
This technigue models a bandwidth of 1/(Sample time), centered at the specified
Center frequency parameter value. This frequency value corresponds to 0 Hzin
the baseband-equivalent model.

The block 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 incident power wave, the output of the RF system is the
transmitted power wave. If the input is the source voltage, the output

is the load voltage.

The block controls the modeling of RF Blockset physical blocks between this block
and the Output Port block using:

- FIR filters to model the frequency-dependent characteristics

- Look-up tables to model the nonlinear behaviors

Optional guard bands can be spedified 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 LI
Source impedance (ohms): I 50
Finite impulse response filter length: I 128 N

Fractional bandwidth of guard bands: ID

Modeling delay (samples): ID
Center frequency (Hz): I 2ed fe
Sample time (s): I le-7 ts
¥ add noise

Initial seed: |67987

oK I Cancel |

Apply
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f, is the nth element of the vector of modeling frequencies, f, and is given by

n-1
fn :fmin +tS_N n=l,...,N
where
1
fmln _fc_g
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Mapping Network Parameters to Modeling Frequencies

In a physical system, each block provides network parameters at

different frequencies. These frequencies are not necessarily the modeling
frequencies for the physical system in which the block resides. To create a
baseband-equivalent model, RF Blockset software must calculate the values
of the S-parameters at the modeling frequencies.

Individual physical blocks calculate the S-parameters at the modeling
frequencies determined by the Input Port block parameters. Each block
interpolates its S-parameters to determine the S-parameters at the modeling
frequencies. If the block contains network Y- or Z-parameters, it first converts
them to S-parameters.

Specifically, the block orders the S-parameters in the ascending order of their
frequencies, f,. Then, it interpolates the S-parameters using the MATLAB
interp1 function. For example, the curve in the following diagram illustrates
the result of interpolating the S, parameters at original frequencies f;
through f..

Interpolated S, parameter values

T ‘7 Original S, parameter values

f, f, fy fs f;<—— Frequencies in ascending
order of magnitude
min) (fmax)

The Interpolation method field in the individual block dialog boxes enables
you to specify the interpolation method as Cubic, Linear (default), or Spline.
For more information about these methods, see the interp1 reference page in
the MATLAB documentation.

As shown in the previous diagram, each block uses the parameter values
at f_. for all modeling frequencies smaller than f_. . The block uses the

min*®
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parameter values at f___ for all modeling frequencies greater than f, . In
both cases, the results may not be accurate, so you need to specify network
parameter values over a range of frequencies that is wide enough to account

for the block behavior.
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Modeling Noise in an RF System

The RF Blockset physical blocks can model noise. The Input Port block
parameters specify whether to include noise in a simulation. When you
include noise information in your model, the blockset simulates the noise

of the physical system by combining the noise contributions from each
individual block. This section explains how the blockset simulates noise from
user-specified information. For information on how to add noise to an RF
model, see “Modeling Noise” on page 2-26.

In this section...
“Output-Referred Noise in RF Models” on page A-7

“Calculating Noise Figure at Modeling Frequencies” on page A-10
“Calculating System Noise Figure” on page A-11
“Calculating Output Noise Power” on page A-12

Output-Referred Noise in RF Models

In general, you can specify output-referred noise in one of three ways:

® 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 the standard
reference noise temperature of 290 K. In terms of noise factor

Noise figure = 10log(Noise factor)

These three specifications are equivalent, because you can compute each
one from any of the others.

The blockset lets you simulate the noise associated with any physical block in
your RF model.
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The blockset automatically determines the noise properties of passive blocks
from their network parameters. The blockset gets these network parameters
either explicitly from the block dialog box or specified data files, or implicitly
by calculating them from the specified block parameters.

For active devices such as amplifiers and mixers, the noise properties can
not be inferred from network parameters. Therefore, for the amplifier and
mixer blocks, you must specify the noise information explicitly, either in the
dialog block or the associated data file.

For RF Blockset physical amplifier and mixer blocks, you can specify active
block noise in one of the following ways:

® Spot noise data

* Frequency-independent noise figure, noise factor, or noise temperature
values

* Frequency-dependent noise figure data (rfdata.nf) or spot noise data
(rfdata.noise) object

These noise specification options are described in “Amplifier and Mixer Noise
Specifications” on page 2-26.

When you run the simulation, the blockset first computes the noise figure
values for each individual block at the modeling frequencies. Then, it
computes the noise figure of the physical system from the individual noise
figure values and uses the system noise figure information to calculate the
output noise power. This process is shown in the following figure.



Modeling Noise in an RF System

Select this check box

to include noise data

in the simuliation ———— =

E!amp_qamIE_mudEI,.-"RF Rereiver

=] Block Parameters: RF In

T Lot Patt—m 0 —————— — —

Source impedance:

v Add noize

|nitial zeed:

e . - e,

|50

67387

Cancel |

Heb |

£pply |

=10l x|

File Edit “iew Simulation Aaormat Tools  Help
DsE&| /e |co 32z afes o ]| BHEESE
¥
Input S-Farameters S-Farameters S-Farameters S-Farameters Cutput
Port |©% amplifier Arnplifier Miser Amnplifier || Port
BE I Fr.;.m End Loy Np|ae Downcorverter Final Stage BE Out
Filter Amplifier Amplifier
Ready [100% | | [FixedstepDiscrete v
Y y y
Front-End Low-Noise | |Downconverter|| Final Stage
Filter Noise Amplifier Noise Noise Amplifier Noise

—

System Noise
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Calculating Noise Figure at Modeling Frequencies

To include noise information in a simulation, the blockset must compute the
noise figure values of each individual block at the modeling frequencies.

If you specify the frequency-independent noise figure value directly, or if
the blockset computes the noise figure value from the block resistance, the
blockset uses this value for the noise figure value at each of the modeling
frequencies.

If you specify the noise factor or noise temperature value, the blockset
computes the noise figure value from the specified value using the equations
in the preceding section and uses the computed value for the noise figure
value at each of the modeling frequencies.

If you specify frequency-dependent noise figure values using an rfdata.nf
object, the blockset interpolates the values using the Interpolation method
specified in the block dialog box to get the noise figure value at each of the
modeling frequencies.

If you specify spot noise data, the blockset computes frequency-dependent
noise figure information from this data. It takes the minimum noise figure,
NF ., equivalent noise resistance, I, and optimal source admittance,

min?®

Yopt, values in the file and interpolates to find the values at the modeling

frequencies. Then, the blockset uses the following equation to calculate the
noise correlation matrix, C,:

Rn NFm2in -1 - RnYopt*
Cy =2kT NF 1 )
— RnYopt Rn |Yopt|

2

where k is Boltzmann’s constant, and T is the noise temperature in Kelvin.

The blockset then calculates the noise factor, F, from the noise correlation
matrix as follows:
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N 27Cy2
2kTRe{Zg}

1
zZ =
Zg
In the two preceding equations, Z is the nominal impedance, which is 50
ohms, and z* is the Hermitian conjugation of z.

The blockset obtains the noise figure, NF, from the noise factor:

NF =10log(F)

Calculating System Noise Figure

The blockset uses a recursive process to calculate system noise figure. The
noise correlation matrices for the first two elements of the cascade are
combined into a single matrix, and the process is repeated.

The following figure shows a cascaded network consisting of two 2-port
networks, each represented by its ABCD-parameters.

R ] N <
c o c" o
ABCD-parameter matrices can be combined using matrix multiplication:
A B 3 A’ B7 A” B”
C D - c pDllc” D”

First, the blockset calculates noise correlation matrices C,”and C,”,
corresponding to the first two matrices in the cascade. Then, the blockset
combines C,”and C,”into a single correlation matrix C, using the equation
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A-12

, A’ B’ , A’ By
Cy=C C
A A +|:Ca D’} A|:C> D>:|

The first two ABCD-parameter matrices in the cascade combine according to
matrix multiplication:

A B ~ A’ B’ITA” B”
C D - c Dllc” D”

If there is another element in the cascade, the same calculations will be
performed using these ABCD-parameters as well as the ABCD-parameters
corresponding to the following element. The recursion will terminate with a
noise correlation matrix pertaining to the entire system. The blockset then
calculates the system noise figure from this matrix.

For more information about these calculation techniques, see the following
article:

Hillbrand, H. and P.H. Russer, “An Efficient Method for Computer Aided
Noise Analysis of Linear Amplifier Networks,” IEEE Transactions on Circuits
and Systems, Vol. CAS-23, Number 4, pp. 235-238, 1976.

Calculating Output Noise Power

The blockset uses noise power to determine the amplitude of the noise that
it adds to the physical system using a Gaussian distributed pseudorandom
number generator. It uses both the noise temperature and the modeling
bandwidth to calculate the noise power:

Noise power = kTB

where k is Boltzmann’s constant, which i1s 1.38e-23 J/K, T is the noise
temperature in kelvin, and B is the bandwidth in hertz.

The blockset computes noise temperature from the specified or calculated
noise figure values for the system, and it computes the modeling bandwidth
from the model’s sample time and center frequency.
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Creating a Complex Baseband-Equivalent Model

In this section...

“Baseband-Equivalent Modeling” on page A-13
“Simulation Efficiency of a Baseband-Equivalent Model” on page A-18

“Example — Selecting Parameter Values for a Baseband-Equivalent Model”
on page A-19

Baseband-Equivalent Modeling

RF Blockset software simulates the physical system in the time domain using
a complex baseband-equivalent model that it creates from the passband
frequency-domain parameters of the physical blocks. This type of modeling
1s also known as lowpass equivalent (LPE), complex envelope, or envelope
modeling.

To create a complex baseband-equivalent model in the time domain based
on the network parameters of the physical system, the blockset performs a
mathematical transformation that consists of the following three steps:

1 “Calculating the Passband Transfer Function” on page A-13
2 “Calculating the Baseband-Equivalent Transfer Function” on page A-16

3 “Calculating the Baseband-Equivalent Impulse Response” on page A-16

Calculating the Passband Transfer Function

The blockset calculates the passband transfer function from the physical
block parameters at the modeling frequencies by calculating the transfer
function of the physical subsystem and then applying the Tukey window to
obtain the passband transfer function.

Note To learn how the blockset uses the specified network parameters to
compute the network parameters at the modeling frequencies, see “Mapping
Network Parameters to Modeling Frequencies” on page A-5.
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A-14

The transfer function of the physical subsystem is defined as

V()
H(F =LY/
" Vs(f)

where Vg and V|, are the source and load voltages shown in the following
figure, and f represents the modeling frequencies.

Physical
Vs Vin | Subsystem g

More specifically,

Soq1 *(1+1)*(1-Ty)
2%(1=8g *I'y)(1 =Ty, *T)

H(f) =

where

ZZ+ZO
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® Zg1is the source impedance.
® Z, is the load impedance.

* S, are the S-parameters of a two-port network.

The blockset derives the transfer function of the physical subsystem from the
Input Port block parameters as shown in the following figure.

Passband Spectrum of a Modulated RF Carrier

N is the number of sub-bands

Input Port Block Parameters TTITTTTTTTTT T T T TTTT 71T

—— | [e—— Af = 1/(tg"N)
Finite impulse response filter length: [N

Fractional bandwidth of guard bands: IF Magnitude

Maodeling delay (samples): ID
Center frequency (Hz): Iﬁ:
Sample time (s); I ts

Source impedance (ohms): 50 \

| | Frequency
fmin fn fmax

Bandwidth = 1/ts

la
<

A\

The blockset then applies the Tukey window to obtain the passband transfer
function:

Hpassband(f) = H(f) * tukeywin(NV,F)

where tukeywin is the Signal Processing Toolbox tukeywin function.
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Calculating the Baseband-Equivalent Transfer Function

The blockset calculates the baseband transfer function, Hpysepana(f), by
translating the passband transfer function to its equivalent baseband transfer
function:

Hbaseband(f) = Hpassband (f + fc)

where f, is the specified center frequency.

The resulting baseband-equivalent spectrum is centered at zero, so the
blockset can simulate the system using a much larger time step than Simulink
can use for the same system. For information on why this translation allows
for a larger time step, see “Simulation Efficiency of a Baseband-Equivalent
Model” on page A-18.

The baseband transfer function is shown in the following figure.

Baseband-Equivalent Spectrum

Magnitude

Centered at zero

I/ Frequency

-1 /21S 0 1 /2tS

1 /tS

Calculating the Baseband-Equivalent Impulse Response

The blockset calculates the baseband-equivalent impulse response by
performing the following steps:
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1 Calculate 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. When
the finite impulse response 1s truncated to the length specified by the user,
the effect of the truncation is similar to windowing with a rectangular
window.

2 Apply the delay specified by the Modeling delay (samples) parameter
in the Input Port block dialog box. Selecting an appropriate value for this
delay ensures that the baseband-equivalent model has a causal response by
moving the time window such that the model energy is concentrated at the
center of the window, as shown in the following figure:
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Without delay:
Magnitude
»
®
T ¢« o o !
N-1
Sub-Band (Tap) Number
With a 4-sample delay:
Magnitude
6 o 1 T

Sub-Band (Tap) Number

Simulation Efficiency of a Baseband-Equivalent
Model

The baseband-equivalent modeling technique improves simulation speed by
allowing the simulator to take larger time steps. To simulate a system in the
time domain, Simulink would require a step size of:

1
X
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Using the baseband-equivalent model of the same system, whose spectrum
has been shifted down by £, allows for a much larger time step of:

1 1
t = =
step 2(fmax - fc) fmax - fmin

Example — Selecting Parameter Values for a
Baseband-Equivalent Model

® “Overview of Baseband-Equivalent Modeling Example” on page A-19
® “Creating the Model” on page A-19

® “Specifying Model Parameters” on page A-22

® “Running the Simulation and Analyzing the Results” on page A-28

¢ “Reducing Acausal Response in the Baseband-Equivalent Model” on page
A-29

¢ “Introducing Delay into the Baseband-Equivalent Model” on page A-30

Overview of Baseband-Equivalent Modeling Example

In this example, you model an RF transmission line stimulated by a pulse
and plot the baseband-equivalent model that the blockset uses to simulate
the transmission line in the time domain. You compare the effects of
using different parameter values for the baseband-equivalent model. This
example helps you understand how to use these parameters to best apply
the baseband-equivalent modeling paradigm of performing time-domain
simulation using a limited band of frequency data.

Creating the Model

In this part of the example, you perform the following tasks:

® “Selecting Blocks to Represent System Components” on page A-20
® “Building the Model” on page A-20
® “Specifying Model Variables” on page A-22
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Selecting Blocks to Represent System Components. In this part of the
example, you select the blocks to represent:

® The input signal

® The RF transmission line

® The baseband-equivalent model display

The following table lists the blocks that represent the system components and
a description of the role of each block.

Block Description

Discrete Impulse Generates a frame-based pulse input signal.

Real-Imag to Converts the real pulse signal into a complex pulse
Complex signal.
Input Port Establishes parameters that are common to all

blocks in the RF transmission line subsystem,
including the source impedance of the subsystem
that is used to convert Simulink signals to the RF
Blockset physical modeling environment.

Transmission Line | Models the signal attenuation caused by an RF
transmission line.

Output Port Establishes parameters that are common to all
blocks in the RF transmission line subsystem.
These parameters include the load impedance of the
subsystem, which is used to convert RF signals to
Simulink signals.

Complex to Converts the complex signal from the Output Port

Magnitude-Angle | block into magnitude-angle format.

Vector Scope Displays the time-domain baseband-equivalent
model.

Building the Model. In this part of the example, you create a Simulink
model, add blocks to the model, and connect the blocks.

1 Create a model.
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2 Add to the model the blocks shown in the following table. The Library Path
column of the table specifies the hierarchical path to each block.

Block Library Path Quantity

Discrete Signal Processing Blockset > Signal 1

Impulse Processing Sources

Real-Imag to Simulink > Math Operations 1

Complex

Input Port RF Blockset > Physical > Input/Output | 1
Ports

Transmission RF Blockset > Physical > RLCG 1

Line Transmission Line

Output Port RF Blockset > Physical > Input/Output |1
Ports

Complex to Simulink > Math Operations 1

Magnitude-Angle

Vector Scope Signal Processing Blockset > Signal 1
Processing Sinks

3 Connect the blocks as shown in the following figure.
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Now you are ready to specify model variables.

Specifying Model Variables. Type the following at the MATLAB prompt to
set up workspace variables for the model:

t s = 5e-10; % Sample time
f_c = 3e9; % Center frequency
taps = 64; % Filter length

Now you are ready to specify the block parameters.

Specifying Model Parameters

In this part of the example, you specify the following parameters to represent
the behavior of the system components:

¢ “Input Signal Parameters” on page A-22
¢ “Transmission Line Subsystem Parameters” on page A-24

e “Signal Display Parameters” on page A-27

Input Signal Parameters. You generate the frame-based complex pulse
source signal using two blocks:
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® The Discrete Impulse block to generate a real pulse signal.

¢ The Real-Imag to Complex block to convert the real signal to a complex
signal.

Note All signals in the RF model must be complex to match the signals in
the physical subsystem, so you create a complex input signal.

1 Set the Discrete Impulse block parameters as follows:
® Sample time = t_s

e Samples per frame = 2*taps

E! Source Block Parameters: Discrete Imp x|

Discrete Impulze [mask] [link]

Dutput a dizcrete wnit impulze. The impulze will be offset by the
number of zamples in the Delay parameter.

ET | D ata Typesl

Delay [zamples):
E

Sample time:
I I_=

Samplez per frame;
I 2taps

k. Cancel Help

2 Set the Real-Imag to Complex block Input parameter to Real. Changing
this parameter changes the number of block inputs from two to one, making

the block fully connected.
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A-24

E! Function Block Parameters: Real-Imag to Comple x|

— Real-lmag To Complex

Congtruct a comples output from real and/or imaginary input,

— Parameters

|t I Real j
Imag part:

jo

Sample time [-1 for inherited):

|1

0K I Cancel Help Apply

Transmission Line Subsystem Parameters. In this part of the example,
you configure the blocks that model the RF filter subsystem—the Input Port,
RLCG Transmission Line, and Output Port blocks.

1 Set the Input Port block parameters as follows:

¢ Treat input Simulink signal as = Incident power wave

This option tells the blockset to interpret the input signal as the incident
power wave to the RF subsystem, and not the source voltage of the RF
subsystem.

Note If you use the default value for this parameter, the software
interprets the input Simulink signal as the source voltage. As a result,
the source and the load that model the Input Port and Output Port
blocks, respectively, introduce 6 dB of loss into the physical system at all
frequencies. For more information on why this loss occurs, see the note
in “Converting to and from Simulink Signals” on page A-32.

¢ Finite impulse response filter length = taps
¢ Center frequency = f_c

¢ Sample time (s) = t_s
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This sample time is equivalent to a modeling bandwidth of 1/t_s seconds.

=] 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 technigue. 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 model.

The block 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 incident power wave, the output of the RF system is the transmitted power wave, If the
input is the source voltage, the output

is the load voltage.

The block controls the modeling of RF Blockset physical blocks between this block and the Output
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: IIncident DOWEr WavE :I
Source impedance (ohms): I 50

Finite impulse response filter length: Itaps
Fractional bandwidth of guard bands: ID

Modeling delay (samples): ID
Center frequency (Hz): If_c
Sample time (=): It_s
v add noise
Initial seed: |e7287

QK I Cancel Help Apply

2 Set the RLCG Transmission Line block parameters as follows:

* Frequency (Hz) =f_c

¢ Transmission line length (m) =0.5*t_s
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E! Block Parameters: RLCG Transmission Line x|

’rRLCG Transmission Line

Madel an RLCG transmission line.

Iain | Yisualization I

Resistance per length (ohmsim); ID

Inductance per length (Him’: ID

Capacitance per length (Fimd: ID

Conduckance per length {3/m): ID

Frequency (Hz): IF_n:

Interpolation method: ILinear ;I
Transmission line length {m): ID.S*I:_S

Skub mode: INDI: a3 stub ;I
Termination of stub: IOpen ;I

[al'4 I Cancel Help | Appliy

3 Accept the default parameters for the Output Port block to use a load
impedance of 50 ohms.

[]Block Parameters: Dutput Port x|

Cutput Port

Connection black fram BF Blockzet physical block s ta Simulink.

After running a simulation, various parameters of the RF sypstem that is delimited by an
Input Port block and this Qutput Port block, can be visualized.

M ain Yizualization I

Load impedance [ohms): |5EI

QK I Cancel Help Apply
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Signal Display Parameters. In this part of the example, you specify the
parameters that set up the baseband-equivalent model display. You use the
Complex to Magnitude-Angle block to convert the RF subsystem output to
magnitude format, and you use the Vector Scope block to display the output
signal.

For the Vector Scope, you specify that the signal is an amplitude as a function
of time, and you set the range of the x- and y-axes to make sure that the
entire signal is visible.

1 Set the Complex to Magnitude-Angle block Output parameter to
Magnitude. Changing this parameter changes the number of block outputs
from two to one, making the block fully connected.

E! Function Block Parameters: Complex ko Magnitud x|

— Complex to Magnitude-dngl

Compute magnitude and/or radian phase angle of the input.

— Parameters

Output: I b agnitude :I

Sample time [-1 far inherited):

|

ITI Eance| , ........... He|p .......... ‘| Apply

2 Set the Vector Scope block parameters as follows:
* Scope Properties tab, Input domain = User-defined

¢ Axis Properties tab, select the Inherit sample increment from
input check box.

* Axis Properties tab, X-axis title = Index

¢ Axis Properties tab, Minimum Y-limit = 0

¢ Axis Properties tab, Maximum Y-limit=1.3
¢ Axis Properties tab, Y-axis title = Amplitude

¢ Line Properties tab, Line markers = stem
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Running the Simulation and Analyzing the Results

Before you run the simulation, set the stop time by selecting
Simulation > Configuration Parameters in the model window and
entering 2*t_s*(taps-1) for the Stop time parameter.

To run the simulation, select Simulation > Start in the model window.

You can view the baseband-equivalent model in the Vector Scope window
while the model is running. This window appears automatically when you
start the simulation. The following plot shows the baseband-equivalent
model, which contains a significant amount of acausal energy because of
the limited bandwidth of the model.

Acausal response

049

0.8

0.7

0.6

0s

Amplitude

0.4

Frame: 2 Index

Baseband-Equivalent Model

The next part of the example shows you how to reduce this acausal response.
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Reducing Acausal Response in the Baseband-Equivalent Model

In this part of the example, you adjust the Fractional bandwidth of guard
bands parameter. This parameter controls the shaping of the filter that the
blockset applies to create the baseband-equivalent model.

1 Set the Input Port Fractional bandwidth of guard bands parameter to
0.2.

2 Rerun the simulation.

The following figure shows the Vector Scope plot. You can see that the acausal
response 1s lower than it was for the previous simulation, but there is still
some energy wrapping around the end of the model because it is periodic.

Reduced acausal response

0.9

0.a

0.7

0.6

0.5

Arnplitude

0.4

0.3

Baseband-Equivalent Model with Filter Shaping
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Note You can further reduce the acausal response in the baseband-equivalent
model by increasing the value of the Fractional bandwidth of guard
bands parameter above 0.2, but if you use a high value, you compromise the
fidelity of the gain of the transmission line.

The next section shows you how to shift the response to avoid this wrapping.

Introducing Delay into the Baseband-Equivalent Model

In this part of the example, you adjust the Modeling delay (samples)
parameter. This parameter controls the delay the blockset applies to create
the baseband-equivalent model.

1 Set the Input Port Modeling delay (samples) parameter to 12.

2 Rerun the simulation.

The following figure shows the Vector Scope plot. The response of the
baseband-equivalent model is concentrated in a small time window. This

model provides the most accurate time-domain simulation of the specified
band of frequency data.
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A-32

Converting to and from Simulink Signals

Signal Conversion Specifications

When you simulate an RF model, the blockset must convert the mathematical
Simulink signals to and from the RF Blockset physical modeling environment.
The following figure shows the signals involved in the conversion.

Input & | General Amplifier (S-S S_PErETFtEE & | General Amplifier (s OQutput =
Port Armplifier Port
Input Port Zeneral Amgplifier S5-Fara I'!'I-!E‘IZEIE- Zeneral Amplifier Output Port
Amplifier /
Sjmullink ¥y L | + Simullink
signa signa
RF System L ]
Sin - — Sout
Input Port Block Output Port Block
Where:

® Zyis the Source impedance (ohms) parameter of the Input Port block.

® Z,is the Load impedance (ohms) parameter of the Output Port block.

There are two options for interpreting the Simulink signal that enters the
Input Port block:



Converting to and from Simulink® Signals

e S, is the incident power wave. For more information about this option, see
“Interpreting the Simulink Signal as the Incident Power Wave” on page

A-33.

e S, is the source voltage. For more information about this option, see
“Interpreting the Simulink Signal as the Source Voltage” on page A-35.

Interpreting the Simulink Signal as the Incident
Power Wave

The blockset provides the option to interpret the input Simulink signal, S, , as
the incident power wave, a ;, at the first port of the RF system. The following
figure shows the model for this interpretation.

Input s | General Amplifier (a8 S—F'EITEII'!'H-EIEIE- General Amplifier (& Qutput =)
Port Amplifier Port
Input Port General Amplifier 5-Pars r!1|_5ter5 General Amplifier Output Port
Amplifier /
apl ap2=0
_ —

" Vs Is .
S]mulllnk + + S.ImU|III'Ik
signa signa

: RF System v
Sin - Sout

In the figure, bp2 is the transmitted power wave at the second port of the RF
system. This is the signal at the output of the Output Port block, S_,.
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A-34

For a 2-port RF system, the incident and transmitted power waves are
defined as:

where:

® Zg the Source impedance (ohms) parameter of the Input Port block, is
defined as:

Zy=Ry+ jXq

® Z,, the Load impedance (ohms) parameter of the Output Port block, is
defined as:

Z; =R, +iX]

Solving the power wave equations for S;, and S, gives the following
relationships:

Sjy = 8

in 9 ’_RS
JR

S =—LVL

out ZL

The implications of this interpretation are:

* IS, |2 is equal to the power available from the source, P .
* |Sou |2 is equal to the power delivered to the load, P, ..

For a linear RF system, P, = G;P,,; where G, is the transducer power gain.
As a result, the Simulink signals at the input and output of the RF system
have the following relationship:



Converting to and from Simulink® Signals

|Sout |2 = Gt |Sin |2

Note You can plot G, from the Output Port block’s Visualization tab.

Interpreting the Simulink Signal as the Source

Voltage

The blockset provides the option to interpret the input Simulink signal, S,

in’

as the source voltage, V, of the RF system. The following figure shows the
model for this interpretation.

Input & | General Amplifier |6 S_PErETFtEE' Zeneral Amplifier [&—& Cutput -
FPort Amplifier Port
Input Port Genaral Amplifisr S5-Para r!'u_sters- Zeneral Amplifier Output Port
Amplifier /
S,imullink by I I + SimuIIink
signa signa
RF System A v
Sin — Sout
Input Port Block Output Port Block

With this interpretation, the signal at the output of the Output Port block is

the load voltage,

V,.
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The blockset interpretation of the input Simulink signal as the source
voltage, Vg, produces different results than the interpretation where the
input Simulink signal is the incident power wave. When the source and load
impedances are the same and real, the former interpretation produces 6 dB of
loss compared to the latter.

Specifying Input Signal Conversions

To specify the way in which the blockset interprets the input Simulink signal,
you change the value of the Treat input Simulink signal as parameter in
the Input Port dialog box. The available parameter values are:

e Incident power wave — Interpret the input signal as the incident power
wave.

® Source voltage — Interpret the input signal as the source voltage.
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5] Block Parameters: Input Port

—Input Paort
Connection block from Simulink to RF Blockset physical blocks,

The RF Blockset physical blacks use a baseband-equivalent modeling technique.
This technigue models a bandwidth of 1f{Sample tme), centered at the specified
Center frequency parameter value. This frequency value corresponds to 0 Hz in
the baseband-equivalent model.

The block 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 incident power wave, the output of the RF system is the
transmitted power wave. If the input is the source voltage, the output

is the load voltage.

The block controls the modeling of RF Elockset 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.

Change this parameter value
to change the way the blockset

—Parameters
Treat input Simulink signal as: ISDurce voltage LI
Source impedance {(ohms): I 50

interprets the input signal.

Finite impulse response filter length: I 128

Fractional bandwidth of guard bands: ID

Modeling delay (samples): IU
Center frequency (Hz): I 2e8
Sample time (s): I 1e-7
V¥ Add noise
Initial seed: |67987

“Help. Apply

OK I Cancel |
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Modeling Mixers

e “2.Port Mixer Blocks” on page B-2
¢ “Modeling a Mixer Chain” on page B-4

® “Quadrature Mixers” on page B-6
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2-Port Mixer Blocks

Typically, the block diagram of a mixer has three ports, as shown in the
following representation of a downconversion mixer.

RF IF

L0

The RF Blockset mathematical and physical mixer blocks model both a mixer
and a local oscillator, so they have only two ports.

RF IF

hlger

The following figure shows the icons of the RF Blockset mixer blocks. The
icons of all the mixer blocks show the internal local oscillator.

B-2



2-Port Mixer Blocks

=] untitled * O] x|

File Edit Wiew Simulation Format Tools  Help

DS EHES| + BB 42 8o

Mathematical Physical
Mixer - & &) Mixer
Block Blocks

Genaral Mixer

hlizer
L i i i L i
éé s éé b éé z
S-Parameters r-Parameters Z-Parameters
hlizer hizer hlizer
Ready |100% | | |ode4s i

For the physical blocks, you can use the LO frequency (Hz) parameter to
specify the local oscillator’s frequency.

For more information, see the individual block reference pages.
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Modeling a Mixer Chain

B-4

RF Blockset software uses a baseband equivalent model to simulate RF
components in the time domain, as described in Appendix A, “RF Blockset
Algorithms”. The blockset only models a band of frequencies around the
carrier frequency of each component; the frequency band is determined by the
following parameters of the corresponding Input Port block:

® Reciprocal of the Sample time (s)
¢ Center frequency (Hz)
When a mixer is present in a physical subsystem, it shifts the carrier

frequency of the signal. This shift affects the frequencies that are used to
create baseband equivalent model.

To illustrate how the mixer works, consider a typical RF mixer chain that
consists of the following components:

¢ Direct Quadrature Upconverter

e High-Power Amplifier

¢ Channel

® Low-Noise Amplifier

® Downconverting Mixer

e [F Filter

¢ Direct Quadrature Downconverter

The following diagram shows these components and the band of frequencies
that are simulated for each component. The signals at the input and output of
the cascade are baseband complex. For the cascade, the diagram shows the
real passband frequencies that are used to create the baseband-equivalent

model, which is centered at zero. For a detailed explanation of how to use the
blockset to model quadrature mixers, see “Quadrature Mixers” on page B-6.



Modeling a Mixer Chain

tS = Input Port Sample Time
Frequency
A
fop + 1/(2tg)
fRF
fop- 112ty
fie* 2y
fe- 1/2tg)
+ 12ty
0 | | | L | |
[ [ [ [ [ [ [
- 1/(2*ts) High'POWer Channel LOW'N.Oise Mixer IF Filter
Direct Quadrature  Amplifier Amplifier Direct Quadrature
Upconverter Downconverter
— I PCTTTTTT TN
| 1 ! 1
: Inpt . @i@ General s Ot pt Rt Inpt . General . s @i@ e Ctput :
| | Port 1 | Amplifier Part LB Part Amplifier 1 Part }|
! Mixer | TR Miser2 _ | Mier |
: Input 1 HPA Dutput Channel Input LHA IF Filter Cutput 1
| Bt ! Part Port 1 : Part 1 :
1 1
t-1----1--"' SetLO Frequency - ---- !
parameter to 0 Hz Set Frequency
Set Center Frequency Set Center Frequenc parameter of first Set Frequency
parameter to f, - amator to f quency receiver LO to parameter of second
P RF fop-fiF reciever LO to 0 Hz
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Quadrature Mixers

B-6

In this section...

“Using RF Blockset Software to Model Quadrature Mixers” on page B-6
“Modeling Upconversion I/Q Mixers” on page B-6
“Modeling Downconversion I/Q Mixers” on page B-7

“Simulating I/Q Mixers” on page B-8

Using RF Blockset Software to Model Quadrature
Mixers

RF Blockset software lets you model upconversion and downconversion
quadrature mixers using Physical blocks. These mixers convert a complex
baseband signal up to and down from the desired carrier frequency by mixing
the real and imaginary parts of the signal with a cosine and sine of the same
frequency.

Modeling Upconversion 1/Q Mixers

You use the Input Port block to model the upconversion of in-phase/quadrature
baseband signals to modulated signals at a finite real carrier frequency.

The real component of the block input represents the in-phase signal. The
imaginary component of the block input represents the quadrature signal.

To model a perfect quadrature upconversion mixer, use the Input Port block
with the Center frequency (Hz) parameter set to the carrier frequency.

To model an imperfect quadrature upconversion mixer, use the Input
Port block with the Center frequency (Hz) parameter set to the carrier
frequency. Follow this block immediately by a mixer block with the LO
frequency (Hz) parameter set to 0. Specify imperfections as follows:

e S.-parameters — Use S-parameters to specify imperfections such as
frequency response. For a mixer, S,; describes the conversion gain, as
explained in the Network Parameters section of the reference page for
each mixer block. Use purely real and purely imaginary S,, parameters to
represent multiplying the input signal by a pure cosine and a pure sine,



Quadrature Mixers

respectively. Use a complex S,, parameter to represent multiplying the
input signal by a combination of sine and cosine.

® Thermal noise — Use thermal noise to specify temperature-dependent
random noise.

® Phase noise — Use the phase noise to specify noise to add to the angle
component of the input signal.

¢ Nonlinearity — Use nonlinearity (specified as output power and phase as
a function of input power and frequency in an AMP file or as third-order
intercept point) to specify nonlinear mixer behavior as a function of input
power.

Note If you specify a nonzero value for the local oscillator frequency of the
mixer and set the Type parameter to Upconverter, the blockset converts the
signal to a frequency above the center frequency. The final IF value is the sum
of the Input Port center frequency and the mixer local oscillator frequency.

Modeling Downconversion I/Q Mixers

You use the Output Port block to model the downconversion of
in-phase/quadrature modulated carrier signals to baseband signals. The real
component of the block output represents the in-phase signal. The imaginary
component of the block output represents the quadrature signal.

The finite real carrier frequency is set automatically as the sum of the center
frequency of the Input Port block and the LO frequencies in any mixer blocks
in the cascade.

Note In the cascade, upconversion mixers increase the carrier frequency and
downconversion mixers decrease the carrier frequency.

The Output Port block models a perfect quadrature downconversion mixer.
To model an imperfect quadrature downconversion mixer, precede the Output
Port block immediately by a mixer block with the LO frequency (Hz)
parameter set to 0. Specify imperfections as follows:
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e S.-parameters — Use S-parameters to specify imperfections such as
frequency response. For a mixer, S,; describes the conversion gain, as
explained in the Network Parameters section of the reference page for
each mixer block. Use purely real and purely imaginary S,, parameters to
represent multiplying the input signal by a pure cosine and a pure sine,
respectively. Use a complex S,, parameter to represent multiplying the
input signal by a combination of sine and cosine.

® Thermal noise — Use thermal noise to specify temperature-dependent
random noise.

® Phase noise — Use the phase noise to specify noise to add to the angle
component of the input signal.

® Nonlinearity — Use nonlinearity (specified as output power and phase as
a function of input power and frequency in an AMP file or as third-order
intercept point) to specify nonlinear mixer behavior as a function of input
power.

Simulating 1/Q Mixers

When you model an I/Q mixer in the blockset, the center frequency you
specify in the Input Port block dialog is only used to build a complex-baseband
equivalent model of the cascade that represents the mixer. The blockset
simulates this model using a fixed time step equal to the sample time that
you specify in the Input Port block dialog box.

To examine the model in the Simulink window:

1 Select Edit > Update Diagram to update the model diagram.

2 Right-click the Output Port block and select Look Under Mask.

For more information on baseband-equivalent modeling, see Appendix A, “RF
Blockset Algorithms”.



Examples

Use this list to find examples in the documentation.
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Examples

“Example — Modeling an LC Bandpass Filter” on page 1-13

“Example — Importing a Touchstone Data File into an RF Model” on page
2-10

“Example — Importing a Bandstop Filter into an RF Model” on page 2-14
“Example — Plotting Component Data on a Z Smith Chart” on page 3-22
“Example — Creating and Modifying Subsystem Plots” on page 3-31
“Example — Selecting Parameter Values for a Baseband-Equivalent
Model” on page A-19
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