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1 Getting Started

What Is the RF Blockset?

The RF Blockset extends Simulink® 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
“Building a Model” in the Simulink User’s Guide.

You use blocks from the RF Blockset 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, all blocks are
modeled using a time-domain, complex-baseband representation. This way
of modeling results in fast simulation and enables compatibility with other
Simulink blocks.

The RF 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.



Required and Related Products

Required and Related Products

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

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

e 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 the Signal Processing
Blockset and Communications Blockset.

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

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 N
*leaw o 5|
Search for: I LI G°| TitIe:IRF Dermos LI

Contents' Indexl Search Results  Demos I

- @ Getting Started with Demos

Help Mavigator

ok MATLAB
i1k Toolboxes
M Sirmulink The RF Blockset extends Simulink with a library of blocks to model the
Elﬁ Blocksets behavior of radio frequency (RF) filters, transmission lines, amplifiers,
- Aerospace and mixers. You validate your working madel in Simulink, and then use

the model as an executable specification for RF circuit design. The RF
Blockset helps you implerment commercial and defense wireless
communication systems and their semiconductors.

ﬁ Comrunications

- ¥ Gauges

-5 5E

-1 Signal Processing

- Video and Image Processing

Product page at mathworks corm

Linear Filtering

Touchstone Data File for 2-Port Passive
Metwork () Model

i Multiple Realizations of Cascaded Filters  [F&] Model

vl{

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.

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

1-6

The RF Blockset 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
MathWorks blocksets, such as those described in “Required and Related
Products” on page 1-3.

This section contains the following topics:

¢ “Opening RF Blockset Libraries” on page 1-6
e “Physical Library” on page 1-7
e “Mathematical Library” on page 1-9

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

rflib

The window is shown in the following figure. Each yellow icon in the window
represents a library. Double-click an icon to open the corresponding library.

ClLibrary: rflibs1 =10l ]

File Edit Wew Format Help

= @ B o

Mathermatical Physical Demos Info

RF Blockset Library 1.3.1
Copyright 2003-2006 The MathWarks, Inc.

The Physical and Mathematical libraries are discussed in the following
sections.



RF Blockset Libraries

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!Library: rfphysmodels1 : - | EI| il

File Edit Wiew Format Help

A J[%—L Sy 8y
— — —" Sn Sm
E—J
Ladder Transrission Black Box
Filters Lines Elements
Amplifiers Mixers Input/Output
Ports

The following table describes the sublibraries and how they can be used.

Sublibrary Description

Amplifiers RF amplifiers, specified using S-, Y-,
or Z-parameters, noise figure, and
IP3, or a data file containing these
parameters.
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Sublibrary

Description

Ladder Filters

RF filters, specified using RLC
parameters. The network
parameters of the blocks are
calculated from the topology of the
filter and the RLC values.

Mixers

RF mixers that contain local
oscillators, specified using S-, Y-,
or Z-parameters and phase noise,
or a data file containing these
parameters.

Transmission Lines

RF filters, specified using
physical dimensions and electrical
characteristics.

Black Box

Passive RF components, specified
using S-, Y-, or Z-parameters,

or a data file containing these
parameters.

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 2-6.



RF Blockset Libraries

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.

Note Mathematical blocks assume perfect impedance matching and a
nominal impedance of 1 ohm. In contrast, the physical blocks do not assume
perfect matching—these blocks model the reflections that occur between
blocks, and you can specify the source and load impedances using the Input
Port and Output Port blocks.

The mathematical library is shown in the following figure.

[Zluibrary: rfmathmodel 101 x|

File Edit View Format Help

Mathematical

Amplifier hdizer

gy A
i .
T i

Bandpass RF Filter  Bandstop RF Filter

TR i
o .
[ TR -

Lowwpass RF Filter Highpas= RF Filter
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RF Blockset Workflow

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

1 Create a Simulink model of 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, or the MATLAB workspace

The RF Blockset lets you access component data in Touchstone SnP,
YnP, ZnP, and HnP 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 2-6.

3 Add thermal noise to the system.
For more information, see “Modeling Thermal Noise” on page 2-22.

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.
5 Run the simulation.

For more information on how the RF Blockset 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.
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For more information, see “Creating Plots” on page 3-2.

The following plots and charts are available in the RF Blockset:

Rectangular plots

Polar plots
Smith charts

Composite plots

Budget plots

1-11
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Example — Modeling an LC Bandpass Filter

1-12

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.
This example illustrates how to perform the following tasks:

e “Selecting Blocks to Represent System Components” on page 1-12

e “Building the Model” on page 1-13

® “Specifying Model Parameters” on page 1-15

e “Validating Filter Components and Running the Simulation” on page 1-22

® “Analyzing the Simulation Results” on page 1-24

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 LC Bandpass Pi block, and the
Input Port and Output Port blocks. The function of the Input Port and Output
Port blocks is to bridge the physical and mathematical parts of the model.

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

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

1-13
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1-14

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 > 1
Physical > Input/Output Ports

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

Output Port RF Blockset > 1

Physical > Input/Output Ports
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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 2-2.

=lolx]

File Edit “iew Simulation Format Tools Help

DISES| 28 &2 |r sfin e - H@bSs RAES

¥

IJ—LIDSF'
w| Column i Input Output -
LI_I'l Tl sum Port Port =
FFT

Sine 'Wiave M atriz i
Sum Input Part LC Bandpass Fi

™

FFT

Output Port Spectrum
Scoped

Spectrum
Scope

Ready [1002% [ |ode4s Y

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 1-15

e “Filter Subsystem Parameters” on page 1-18

e “Signal Display Parameters” on page 1-21

Input Signal Parameters

You generate the three-tone source signal using two blocks. You use the Sine
Wave block to build a complex three-channel signal, where each channel
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1-16

corresponds to a different frequency. Then, you use the Matrix Sum block to
combine the channels into a single three-tone source signal.

The algorithm used by the RF Blockset requires you to shift the frequencies
of the input signal. The RF Blockset simulates the filter subsystem using a
complex-baseband modeling technique, which shifts the filter response so it
is centered 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-10.

Note The RF Blockset requires that all signals in the RF model be complex
to match the signals in the physical subsystem, so you create a complex
input signal.

The center frequency of the LC 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 Set the Sine Wave block parameters as follows:

e Amplitude = 1¢e-6

* Frequency (Hz) = [-100 0 200]*1e6

¢ Output complexity = Complex

* Sample time = 1/500e6



Example — Modeling an LC Bandpass Filter

* Samples per frame = 128

E! Source Block Parameters: Sine Wave 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

Lel Lef |«

Sample time:
|1/500e5

Samples per frame;
126

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

Cancel | Help |

1-17



1 Getting Started

2 Set the Matrix Sum block Sum along parameter to Rows.

) Function Block Parameters: Matriz Sum |

b atriv Sum
Sum of matrix elements along the row or column dimenzion, Mote that 1-00 input
zignals produce a single scalar output equal to the sum of the individual elements.

I Fixed-paint |

Parameters
’7 Sum along:l Rows LI

ok 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:
¢ Center frequency = 700e6

e Sample time(s) = 1/500e6

1-18
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® (Clear the Add noise check box so the RF Blockset will not include
thermal noise in the simulation. To learn how to model thermal noise,
see “Modeling Thermal Noise” on page 2-22.

E Block Parameters: Input Pork x|

—Input Port [maszk)] (link)

Connection block fram Simulink. to RF Blockset physical blocks.

The RF Blockzet physical blocks uze a bazeband-eguivalent modeling technigue. The
bandwidth modeled iz 145 ample time], centered on the specified Center frequency,
The Center freguency cormesponds to 0 Hz in the bazeband-equivalent model. Finite
impulze rezponze [FIR] filters are uzed to model the frequency dependent
characteniztics and look-up tables are uzed to model the nonlinear behaviors of RF
Blockset phpgical blocks betveen thiz block and the Output Port block,

—Parameters

Firite impulze responge filker length:
126

Center frequency [Hz):
| 7006

Sample time [z]:
|1/500e5

Source impedance:;
|50
[~ Add noise

Cancel | Help | Apply |

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.
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2 Accept default parameters for inductance and capacitance in the L.C
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|

—LC Bandpaszz Pi (masgk] [link]
todel an LC bandpass pi netwark.

—Parameters

Inductance [H):
|[1.444Ee-9 4.3949e-8 1.4446e-9)

Capacitance [F]:
|[3.5?'85&-11 1.1762e12 3.5785e-11]
[~ Plot the zelected parameters of this block

Source of frequency data:l |Jzer-specified LI
Frequency data [Hz):

[500e6: 4e6:900e5]

Pliak lype:l ¥ plane LI
F'arameter:l 521 LI
Formal:l M agnitude [decibelz] LI

ok I Cancel

Apply |
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3 Accept the default parameters for the Output Port block to use a load
impedance of 50 ohms.

[]Block Parameters: Dutput Port |
— Output Part [mazk] [link]

Connection block, from RF Blockszet physical blocks to Simulink,

After running a simulation, various parameters of the RF spstem that iz delimited by an
Input Port block, and this Output Port block can be wizualized,

—Parameters

Load impedance:;
1]

ak I Cancel

Apply

Signal Display Parameters

In this part of the example, you specify the parameters of the Spectrum Scope
block to display the source signal, and 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 Set the Spectrum Scope block parameters as follows:

¢ Axis Properties pane, Frequency range = [ -Fs/2...Fs/2]

¢ Axis Properties pane, Minimum Y-limit = -160

¢ Axis Properties pane, Maximum Y-limit = - 100

Display Properties pane, Scope position =
get (0, 'defaultfigureposition').*[.15 1 1 1]
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2 Set the Spectrum Scopel block parameters as follows:
¢ Axis Properties pane, Frequency range = [ -Fs/2...Fs/2]
* Axis Properties pane, Minimum Y-limit = - 160
* Axis Properties pane, Maximum Y-limit = - 105

¢ Display Properties pane, Scope position =
get (0, 'defaultfigureposition').*[1.85 1 1 1]

Note If you do not specify the Display Properties of the scopes, 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 network parameters 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 1-15.

1 Double-click the LC Bandpass Pi block to open the block dialog box.
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2 Select the Plot the selected parameters of this block check box. Click
Apply to plot the frequency response of the filter. This plots the magnitude
of S21 as a function of frequency, which represents the gain of the filter.

<) doc_physfilter/LC Bandpass Pi i
File Edit Wiew Insert Tools Desktop ‘Window Help a
DEESES h|RAO® ¥ 0DE| O

=50

o T

Magnitude (decibels)
i

e R A R N R
450 500 550 BOO  BSO 700 750 800 850 500 950
Freg [MHz]

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 that is centered at 700 MHz, defined by the Input Port block.
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3 In the Simulink 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:
® “Comparing the Input and Output Signals of the RF Filter” on page 1-24
¢ “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.

1-24



Example — Modeling an LC Bandpass Filter

The following plot shows the RF filter input signal you specified in the Sine
Wave block.

/— Display block name

) doc_physfilter /Spectrum Scope _|D|ﬂ
File Axes Channels ‘Window Help u

=100

N——— 101 dB

-1
o {20
-
o
s
=
@ 130
a0
=)
=
‘=
&
= -140

-1&0

-160

-0.2 S04 -0 -0.05 0] 005 | (AR nz 025
Frame: 2211 Frequency (GHz)

Input to RF Filter
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The next plot shows the filtered signal. Notice that the amplitude of the peaks
is attenuated as a result of the RF filter.

) doc_physfilter /Spectrum Scopel - |I:I|5|

File Axes Channels ‘Window Help LY

=105
N\——— 107 dB
-110
-115
=120
125
=130

-13h

Magnitude-squared, dB

-1

-1445

-150

-155

-0.2 015 -0 -0.05 0 0.05 01 0145 0z 0.25
Frame: 2211 Frequency (GHz)

Attenuated Output of RF Filter

Together, the Input Port and Output Port blocks introduce a 6-dB attenuation
into the physical system at all frequencies. You can see this loss in the plots
by comparing the input and output signals at the center frequency of the
filter. The magnitude of the input signal at the center frequency approaches
-101 dB in the Spectrum Scope window. The magnitude of the output signal
at the center frequency approaches -107 dB in the Spectrum Scopel window.
However, as shown in the plot in the previous section, Filter Gain on page
1-23, the filter does not attenuate the signal at the center frequency. The

6 dB of loss is caused by the source and the load in the model. For more
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information on why this loss occurs, see the note in “Converting to and from
Simulink Signals” on page A-15.

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 Plot the model parameters of this block check box, and
click Apply.

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, S21, in decibels.

* An X-Y plane plot of the phase of the filter gain, S21, in degrees.

¢ A Z Smith chart showing the real and imaginary parts of the filter
reflection coefficient, S11.

¢ A Polar plane plot showing the magnitude and phase of the filter reflection
coefficient, S11.
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) doc_physfilter /Dutput Port 10| x|
File Edit ‘iew Insert Tools Deskiop  Window Help o
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Modeling RF Components (p. 2-2)

Specifying or Importing Component
Data (p. 2-6)

Modeling Thermal Noise (p. 2-22)

Describes how to add and connect
blocks in a Simulink model to
represent RF components

Describes how to define block
behavior by entering parameter
values and importing file and
workspace data

Explains how to model thermal noise
in a physical system
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Modeling RF Components

2-2

The RF Blockset lets you model an RF system using Simulink. This section
describes how to build a system model that incorporates RF components and
contains the following topics:

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

Adding RF Blocks to a Simulink 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.

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
Simulink blocks, see “Connecting the Blocks” 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



Modeling RF Components

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 2-3
® “Connecting Physical Blocks” on page 2-4
* “Bridging Physical and Mathematical Blocks” on page 2-4

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
. ——— 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, 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 Simulink
blocks, see “Connecting the Blocks” in the Simulink documentation.
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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 modelinF
@ & —— connector ports represent only
Microchin physical connections.

The lines you draw between the RF Blockset 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.

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 RF 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 . . Output
— 4 heq [? Physical Modeling Ports B o P
Input Fort Output Fort

The Input Port and Output Port blocks must bound a physical subsystem to
connect it to the mathematical part of a model.
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For example, a simple RF model of a coaxial transmission line might resemble

the following figure.

o | Input

White Mo

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
pass its output to a Spectrum Scope block. The Random Source and Spectrum

Fort

Input Portl

Cutput

M |

Mic ostrip

Port

Mic ostrip
Transmiesion Line

Ciutput Port

Center Freguency: 6500MHz

—

]

B-FFT

Scope blocks are from Signal Processing Blockset library.

For information on how the RF Blockset converts mathematical signals to
and from the physical modeling environment, see “Converting to and from

Simulink Signals” on page A-15.
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Specifying or Importing Component Data

You can specify RF Blockset blocks by entering the RF component parameter
values. The RF Blockset also lets you import

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.

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.

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 the RF Toolbox rfckt
reference page.

This section contains the following topics:

“Specifying Parameter Values” on page 2-6
“Importing Data Files into RF Blocks” on page 2-7

“Example — Importing a Touchstone Data File into an RF Model” on page
2-8

“Importing Circuits from the MATLAB Workspace” on page 2-14
“Example — Importing a Bandstop Filter into an RF Model” on page 2-15

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.


http://www.vhdl.org/pub/ibis/connector/touchstone_spec11.pdf
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¢ 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.

Importing Data Files into RF Blocks

The RF Blockset lets you import industry-standard data files and MathWorks
AMP files into specific blocks to simulate the behavior of measured
components in Simulink.

This section contains the following topics:
¢ “Blocks Used to Import Data” on page 2-7

* “How to Import Data Files” on page 2-7

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
General Mixer Generic mixer Touchstone, AMP
General Passive Generic passive Touchstone

Network component

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 2-7.

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.
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4 In the block dialog box, enter a value of read(rfdata.data,

'filename')

for the RFCKT object parameter, where filename is the name of your

data file.

This value specifies that the RF Toolbox read function reads data from
filename into an RF Toolbox data object. The RF Blockset uses this data
object to simulate the data. For more information on RF Toolbox data

objects, see the rfdata reference page.

[Z1Block Parameters: General Amplifier

— General Amplifier [maszk] [link)

Monlinear amplifier dezcribed by an RFDATA object, Scalar IIF3/0IP3 iz needed if
there iz no nonlinear data in the RFDATA object. Scalar noize figure iz needed i
there iz no noize data in the RFDATA object.

Drata interpolation iz uzed during zimulation,

—Parameters
RFDATA object:
Iread[rfdata.data, ‘default. armp’)
Interpaolation method:l Linear :I
[w Plot the zelected parameters of this block
Source of frequency data:l Ewtracted from RFDATA object j
Plot t_l,lpe:l Z Smith chart j
F'alameter:l 522 j
Format:l More j

0k I Cancel Help |

RFDATA object
parameter value

This procedure is illustrated by example in the following section.

Example — Importing a Touchstone Data File into

an RF Model

In this example, you simulate the frequency response of a passive component

using data from a Touchstone file, passive.s2p.
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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 2-9
e “Validating the Passive Component” on page 2-11
® “Running the Simulation and Analyzing the Results” on page 2-13

Importing Data into a General Passive Network Block

In this part of the example, you inspect the passive.s2p file and import data
into the RF model using the General Passive Network block.

1 Type the following at the MATLAB prompt to open the passive.s2p file:

edit passive.s2p

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

‘B Editor - D:\Work',RF Blockset',passive.s2p =101 =]
File Edit Text el Tools Debug Deskiop  Window Help u | Ao
DS E| L R o (S| f[= - /@]
Option ling —_

—=— # Hz 5 DB R 50 il

2 ! S-Parameters data

3 ! FREQ db311 ang311 db3zZ1 ang3zZ1 db31

4 315074.664 -32.010394 S1.245546 -0.025574

5 330906.514 -31.591401 S1.414291 -0.030716

& 347534.511 -31.1725839 &1.595851 -0.034711

7 364997.732 -30.7e0176 S1.8529922 -0.029644

3 383338.459 -30.32767V4  52.0091z24 -0.029974

9 402 600,755 -29.907735 S2.225833 -0.035568

10 422831.0258 -29.485195 &2.366016 -0.036152

11 444077.5814 -29.064399 &52.415274 -0.036146 -

4 | o

| plain text file Ln 18 Col 1 [OWR 4
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The option line

# Hz S DB R 50

specifies the following information about the contents of the data file:
® Hz — Frequency units.
® S — Network parameters are S-parameters.

* DB — Network parameters are specified as magnitude in dB and phase
in degrees.

® 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.

2 At the MATLAB prompt, type

sparam_filter

This opens the RF Blockset demo called “Touchstone Data File for 2-Port
Passive Networks.”

S1sparam_filker =10l ]

File Edit WYiew Simulation Format Tools Help

Touchstone Data File for 2-Port Passive Network

L IN  Compute

Transfer TF . M
» Input General Output ouT  Function q P Freq

¥

Part P aszive Network Part
n “ectorscope
\ithite Noise o Transfer Function P
Input Part P assive Netmork Output Port
Center Frequency: 1GHz
Info
Ready [1o02 [ |FixedstepDiscrate v
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Specifying or Importing Component Data

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

The RFDATA object parameter specifies the data file to import.

The RFDATA object parameter is set to read(rfdata.data,
'passive.s2p'). This setting reads the data from the file passive.s2p
into an rfdata.data object. 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.

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 2-9.

1 Open the General Passive Network block dialog box, and perform the
following actions:
a Select the Plot the selected parameters of this block check box.

b Set the Parameter parameter to S11.

¢ Click Apply.

2-11
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These dialog box selections create a plot of S11 as a function of frequency.

.} sparam_filter/General Passive Network = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help N

Ded& hRaMm®|(E| 0B =0

1) F— A A S S S -

Magnitude (decibels)

7] I S S S -

A0 SR S S S S -

L=l

Mo -

o A e U SR R
.

o

fa]

a5 |

Freq [GHz]

S$11 versus Frequency for the Imported Data

2 Open the General Passive Network block dialog box, set the Parameter
parameter to S21, and click Apply.
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The block adds the S21 data to the plot.

<) sparam_filter/General Passive Network = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help N

Ded& hRaMm®|(E| 0B =0

Magnitude (decibels)

7] I S S S -

A0 SR S S S S -

L=l

Mo -

) Uy U U SRRy USRS f SRR
.

o

fa]

a5 |
Freq [GHz]

S$11 and S21 versus Frequency for the Imported Data

Running the Simulation and Analyzing the Results

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

Start the simulation by selecting Simulation > Start in the Simulink model
window. This action opens the Vector scope plot, which displays the amplitude
of the transfer function of the system in decibels as a function of frequency, as
shown in the following figure:
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+) sparam_filter /¥ector scope o [ 4|
File Axes Chanmels Window Help L
Freq Resp
-10
=
g 5
=
£
g
-20
-25

0.5 1] 0.5 1
Frame: 865 Frequency (GHz)

Transfer Function of General Passive Network Subsystem

Note The transfer function differs from S21. The differences arise from
the following factors:

® The 6 dB of loss introduced by the source and the load in the sparam_filter
model. This loss is described in the note in “Converting to and from
Simulink Signals” on page A-15.

¢ The numerical error introduced by the calculation of the transfer function.

Importing Circuits from the MATLAB Workspace

You can only connect the RF Blockset Physical blocks in cascade. However, the
RF Blockset works with the RF Toolbox 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:
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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 rfckt
reference page.

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.

cki? i3
L3 3 L5 L]
50
o —— AL Y L
L2 14
O =%
i — L1 L1 — L
ki chitd

Bandstop Filter Diagram
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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:

o “Creating Circuit Objects in the MATLAB Workspace” on page 2-16
¢ “Building the Model” on page 2-17

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

® “Running the Simulation and Plotting the Results” on page 2-20

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 RF Toolbox functions to create RF circuit
objects that model the filter components.

1 Type the following at the MATLAB prompt to define the filter’s resistance,
capacitance, and inductance values in the MATLAB workspace:

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;
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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:

ckt1l =
rfckt.series('Ckts',{rfckt.shuntrlc('C',C1),rfckt.shuntrlc('L’
,L1,'C",C62)});

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 functions used in this
example, see the rfckt.series, rfckt.parallel, rfckt.shuntrlc,
and rfckt.seriesrlc function 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 Simulink 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.

Block Library Quantity
Random Source Signal Processing 1
Blockset > Signal Processing
Sources
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Block Library Quantity

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.

Z]untitled * 10| x|

File Edit Wiew Simulakion Format  Tools  Help

Dlﬁﬂ@h‘ﬂ:ﬁlfﬁfﬂb II1D.EI INDrma| j|@lﬁl|n@?®

Input Genzml Genzml Geneml Geneml Cutput M
- E— E— — — E— -
™ Pon Gimuit Element Gimuit Elerment Cimuit Elment Cimuit Element Faort bl
FFT
Randamm
Genamal Genaral Genar=l Genaml Spectrum

Soume Input Fort Gimuit Element? Gimuit Element Ginuit Elements Ginuit Elmentd  CUPUERO T e

Ready [100% |odeds 4

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.
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1 Set the Random Source block parameters as follows:
® Source type = Gaussian
® Sample time = 1/(100e6)
e Samples per frame = 256
* Complexity = Complex

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

2 Set the Input Port block parameters as follows:

¢ Finite impulse response filter length = 256

Center frequency (Hz) = 400e6

Sample time = 1/(100€6)
* Source impedance = 50

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 ckt1.

¢ 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.

Selecting these settings imports the circuit objects that model the filter
components into the Simulink model.

4 Type 50 in the Load impedance field of the Output Port block to represent
an impedance of 50 ohms.
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5 Set the Spectrum Scope block parameters as follows:

¢ On the Scope Properties pane, 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.

* On the Axis Properties pane, set the Frequency range parameter to
[-Fs/2 ... Fs/2],the Minimum Y-limit parameter to -35, and the
Maximum Y-limit parameter to 3.6.

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.

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 Simulink model window to start the
simulation.
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The Spectrum Scope window appears automatically and displays the following
plot, which shows the frequency response of the filter.

) untitled /Spectrum Scope - |El|l|
File Axes Channels Window Help ]

-20

Magnitude-sguared, dB

-25

-30

-35
50 -40 =30 20 -10 0 10 20 30 40 50
Frame: 173 Frequency (MHz)

Frequency Response of Bandstop Filter
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Modeling Thermal Noise

The RF Blockset lets you include the thermal noise generated by any physical
block in your RF model. 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 RF Blockset calculates the noise automatically
based on the resistor values.

This section contains the following topics:

¢ “Amplifier and Mixer Noise Specifications” on page 2-22
* “Adding Noise to Your System” on page 2-23
¢ “Plotting Noise” on page 2-24

Amplifier and Mixer Noise Specifications

You specify noise for the physical amplifier and mixer blocks as spot noise
data or as noise figure values. The following table summarizes the noise
specification options for each type of physical amplifier and mixer block.

Block Noise Specification

General Amplifier Spot noise data (using a Touchstone
or AMP data file) or noise figure
values

S-Parameters Amplifier Noise figure values

Y-Parameters Amplifier Noise figure values

Z-Parameters Amplifier Noise figure values

General Mixer Spot noise data (using a Touchstone
or AMP data file) or noise figure
values

S-Parameters Mixer Noise figure values

Y-Parameters Mixer Noise figure values

Z-Parameters Mixer Noise figure values

2-22



Modeling Thermal Noise

Adding Noise to Your System

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

® “Specifying or Importing Noise Data” on page 2-23
® “Adding Noise to the Simulation” on page 2-24

Specifying or Importing Noise Data

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

Noise Specification Instructions

Noise figure Enter the noise figure value in the
Noise figure (dB) parameter in the
block dialog box.

Spot noise data Import file data that includes noise
information into the 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 RF Blockset adds the Noise figure
(dB) parameter to the block dialog box . This parameter lets you specify
noise manually.
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2 Modeling an RF System

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.

[Z1Block Parameters: Input Port x|

—Input Fart [mask] [link]

Connection block. from Simulink to RF Blockset phpsical blocks,

The RF Blockset phwsical blocks use a bageband-equivalent modeling technique.
The bandwidth modeled is 1[5 ample time), centered on the specified Center
frequency. The Center frequency cormesponds to 0 Hz in the bazeband-equivalent
model. Finite impulze regponze (FIR] filkers are uged to model the frequency
dependent charactenzstics and look-up tables are uzed to model the nonlinear
behaviors of RF Blockset phpsical blocks between thiz block and the Qutput Port
block.

—Parameters

Firite impulze responze filker length:

ES

Center frequency [Hz]:

|2e3

Sample time [z]:

[1e7

Source impedance:

|50 Select this check box to

¥ Add roise take the noise data in

Initial seed: the physical blocks into

[67987 account. This check box
is selected by default.

Apply |

For information on how the RF Blockset simulates thermal noise, see
“Modeling Noise in an RF System” on page A-7.

Plotting Noise

The RF Blockset models communications systems. The noise in these systems
has a very small amplitude, typically from le-6 to 1le-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
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Modeling Thermal Noise

simulation is large, making it difficult to view the noise the RF Blockset adds
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.

E!noise_amplitude_ex ;Iglll

File Edit VYiew Simulation Format Tools Help

ODeldE BB 45 II1D.D INormaI '”@ mEREE®
Center freguency: 2. 1GHz
The baseband-equivalent
two-tone frequencies:
-20MHz and 20mHz
nﬂl’“l“"“"‘l’“\‘ Input . Output I@
" . -
Multitane 4’[@ ™ Fort @enzral Amplifizr Fort L
FFT
Baseband-Equivalent Gain L) I Amplifi
ase aln - qL!nra BN Input Part eneral Amplifier Output Port Output-
Multitone Signal Frequency Domain
L M . Time
= FFT Complexto
Real-lmag1 Real Part
Input - of Output-
Frequency Domain Time Damain
IEI
Time
Complexto
Real-lmag Real Fart
of Input -
Time Domain
Ready 100% |ode4s Y
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2 Modeling an RF System

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
4]
-50
o
=
o
=l
=
=
(=23
@
= 100
-150
-0.15 -0.1 -0.05 4] 0.05 01 015
Frequency (GHz)

Input Signal Spectrum
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The Real Part of Input - Time Domain window displays the real part of the
complex-valued input signal in the time domain.

<) noise_amplitude_ex/Real Part of Input - - |EI|1|
File Axes Channels Window Help u
01
0.05
@
=l
= 0
=8
£
<
-0.05
-0.1
-0.15
4] 01 0.2 0.3 0.4 0.5 0.6 07
Frame: 436 Time (us)

Real Part of Input Signal
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2 Modeling an RF System

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.

-} noise_amplitude_ex/Output - Frequency Do - |EI|1|
File Axes Channels Window Help u

L=l

20

~40

-G0

Magnitude, dB

-20

-100

-120

140

-015 -0 -0.08 4] 0.08 o 018
Frequency (GHz)

Ovutput Signal Spectrum
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Modeling Thermal Noise

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.

<) noise_amplitude_ex/Real Part of Dutput - |EI|1|
k|

File Axes Channels Window Help

0.6

0.4

0.2

1}

Amplitude

-0.2

-0.4

-0.6

4] o 02 0.3 0.4 05 0.8 07
Frame: 436 Time (us)

Real Part of Output Signal
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2 Modeling an RF System

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.

) noise_amplitude_ex,/Output - Freg 10| =l
File #Axes Channels Window Help a
0]
-20
|
= 40
o
E =60
S 20
= -100
-120
-140
016 01 005 0 00s 01 015
Frequency (GHz)

Ovutput Signal Spectrum for Attenuated Input
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Modeling Thermal Noise

You can now view the noise the RF Blockset adds to your signal in the Real
Part of Output - Time Domain window.

<) noise_amplitude_ex/Real Part of Output - Time Domail - |EI|1|
File Axes Channels Window Help u
% 16°
i
0.5
@
=l
=
= 0
£
<
-0.5
-1
4] 01 0.2 0.3 0.4 0.5 0.6 0.7
Frame: 2626 Time (us)

Real Part of Output Signal Showing Noise
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Plotting Model Data

Creating Plots (p. 3-2)

Updating Plots (p. 3-19)

Modifying Plots (p. 3-20)

Example — Creating and Modifying
Subsystem Plots (p. 3-22)

Describes the available plots and
explains how to plot data for
components and subsystems

Describes how to update existing
plots after changing model
parameters

Describes how to add data to a plot
and how to change the plot type,
format, and frequency range

Shows how to plot RF subsystem
data, add data to the plot, and
change the plot type



3 Plotting Model Data

Creating Plots

3-2

The RF Blockset lets you validate the behavior of individual RF components
and physical subsystems in your model by plotting the following data:

e S-parameters

Noise figure

Output third-order intercept point

Power data

¢ Phase noise

® Voltage standing-wave ratio

The following topics describe the RF Blockset plotting options, explain the
procedure for creating a plot, and illustrate this procedure with an example:
e “Validating Individual Blocks and Subsystems” on page 3-2

e “Types of Plots” on page 3-3

¢ “Plot Formats” on page 3-4

e “How to Create a Plot” on page 3-9

¢ “Example — Plotting Component Data on a Z Smith Chart” on page 3-15

Validating 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 gain insight
into 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 3-22. To



Creating Plots

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 3-9.

Types of Plots

The RF Blockset 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.

Plot Type Plot Contents
X-Y Plane Parameters as a function of frequency, such as
(Rectangular) Plot

e S-parameters

® Noise figure (NF)

¢ Voltage standing-wave ratio (VSWR)

¢ QOutput third-order intercept point (OIP3)

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
3-7.

Polar Plane Plot

Magnitude and phase of S-parameters as a function
of frequency.

Smith Chart

Real and imaginary parts of S-parameters as
a function of frequency, 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 3-9.
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Plot Formats

When you create a plot from a block dialog box, you must specify the plot
Format.

[ iFlot the selected parameters of this block

Source of frequency dala:l Dernived from Input Port parameters

Plat l_l,lpe:l 7 plane

Farameter: I 521

Fu:nrmat:l Angle [degrees) Plot format

0k I Cancel Help | Apply |

Ll Le) L] Lo

This plot option defines how the RF Blockset 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 format determines
whether the RF 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 RF
Blockset to compute and plot the real part of the selected parameter.

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

* “Composite Data” on page 3-5

e “X-Y Plane” on page 3-7

¢ “Link Budget” on page 3-7

e “Polar Plane Plots and Smith Charts” on page 3-9
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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.

<) sparam_amp;Output Port = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help N

IR

______________________________

Magnitude (decibels)
(o]

. ] SR SO
-40 :
1.8 2 22 2.4 26
Freg [GHz]

s 2 22 24 2B
Freg [GHz]

Example — Composite Data Plot

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




3 Plotting Model Data

3-6

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.

Block Specified Data | Plot Contents

General Network X-Y plot, magnitude of S12 and S21

Amplifier or parameters in decibels

ezl bl OR X-Y plot, phase of S12 and S21 in
Network dezzes

parameters and
noise

Z Smith chart, real and imaginary
parts of S11 and S22

Polar plot, magnitude and phase of
S11 and S22

Network
parameters and
power

OR

Network
parameters,
noise, and power

X-Y plot, magnitude of S12 and S21
in decibels

X-Y plot, output power (P_ ,) in dBm
(decibels referenced to one milliwatt)

Z Smith chart, real and imaginary
parts of S11 and S22

Polar plot, magnitude and phase of
S11 and S22

Other Physical
block

Network
parameters

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

X-Y plot, magnitude of S12 and S21
in decibels

X-Y plot, phase of S12 and S21 in
degrees

Z Smith chart, real and imaginary
parts of S11 and S22

Polar plot, magnitude and phase of
S11 and S22
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X-Y Plane

You can plot any parameters that are relevant to your block on an X-Y plane
plot. The following table summarizes the parameters and formats for this

type of plot.

Parameter

Format

S11, S12, 521, S22

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

Real

Imaginary

VSWRIn, VSWROut

Magnitude
Magnitude

(decibels)
(linear)

0IP3 (Output Port block only)

dBm
W
mw

NF (Output Port block only)

(decibels)
(linear)

Magnitude
Magnitude

Pout (General Amplifier block with
power data only)

dBm
aBw
W
mwW

Phase (General Amplifier block with
power data only)

Angle (degrees)
Angle (radians)

AM/AM (General Amplifier block with
power data only)

Magnitude (decibels)
Magnitude (linear)

AM/PM (General Amplifier block with
power data only)

Angle (degrees)
Angle (radians)

PhaseNoise (Mixer blocks only)

dBc/Hz

Link Budget

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



3 Plotting Model Data

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 .o Component

Input Port | — (ndex=1) [ (index=2) (ndex=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.

) cascaded_system,/Output Port3 =10l x|
-

File Edit Wiew Insert Tools Desktop ‘Window Help
DeEE K &a s @ 08 00
20 =50

il
Contributions fo S21
from components
1,2 and 3

2. T

Confributions fo S21
from components
Tand2

821 [Magnitude (decibels)]

Contributions fo S21
from component 1

Freq [GHz] : Index of the circuit

Example — Link Budget Plot

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

S11, S12, S21, S22 Magnitude (decibels)
Magnitude (linear)
Angle (degrees)

Real

Imaginary

VSWRIn, VSWROut Magnitude (decibels)
Magnitude (linear)

0IP3 dBm
w
mw

NF Magnitude (decibels)
Magnitude (linear)

Polar Plane Plots and Smith Charts

You can use the RF Blockset to generate Polar plots and Smith charts. When
you select these plot types, you do not need to specify the plot format—it

is set automatically.

The following table describes the Polar plot and Smith chart options, as well
as the available parameters.

Plot Type Parameter
Polar plane S11, §12, S21, S22
Z Smith chart S11, S22

Y Smith chart S11, S22

ZY Smith chart S11, S22

How to Create a Plot

1 Double-click the block to open the block dialog box. The following figure
shows the area of the dialog box where you specify plotting options.
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3-10

[~ Plot the selected parameters of thiz block

Source of frequency data: | Derived from [nput Fort parameters

Flat t_l.Jpe:l == plane

F'arameter:l 521

Falmat:l Angle [degrees|

0k I Cancel

2 Select the Plot the selected parameters of this block check box to

display the plot options.

[~ Plot the selected parameters of this block

Source of frequency data:l Drerived from [nput Paort parameters

Flat t}lpe:l =7 plane

Palameter:l 521

Format:l Angle [degreesz)

KANENNEIREY

Ok I Cancel

Apply

3 Select the Source of frequency data.

[w i Plot the selected parameters of this block

Source of frequency I:Iata:l Derived from Input Port parameters

Plot t_l,lpe:l # plane

Parameter; I 521

Fu:urmat:l Angle [degrees)

Lol Le) L] Lo

0K I Cancel Help |

Apply

Select this check hox
to display the plot
options

Select the source
of frequencies
at which fo plot
block data
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This 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.

Source of frequency | Description Blocks
data
Derived from Input | Modeling frequencies | All physical blocks

Port parameters
(Available after
running a simulation
or clicking the Update

Diagram button & )

derived from the Input
Port block parameters.
For information on
how the RF Blockset
computes the modeling
frequencies, see
“Determining the
Modeling Frequencies”
on page A-3.

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].

All physical blocks
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Source of frequency
data

Description

Blocks

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 not displayed.

You use the Phase
noise frequency
offset (Hz) block
parameter to specify
the frequency values
at which to plot block
data.

Same as the
Frequency parameter

Frequency values
specified in the
Frequency block
parameter.

S-Parameters
Passive Network,
Y-Parameters
Passive Network,
Z-Parameters
Passive Network,
S-Parameters
Amplifier,
Y-Parameters
Amplifier,
Z-Parameters
Amplifier,
S-Parameters Mixer,
Y-Parameters Mixer,
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Source of frequency
data

Description

Blocks

and Z-Parameters
Mixer

Extracted from
RFDATA object

Frequency values
imported into the
RFDATA object
block parameter. For
information about
rfdata objects, see the
RF Toolbox rfdata
reference page.

General Passive
Network, General
Amplifier, and General
Mixer

4 Select the Plot type.

[v i Plot the selected parameters of this block

Source of frequency data:l Derived from Input Part parameters

Flat t_l,lpe:l =7 plane

Select the plot type

Farameter: | 521

Fu:urmat:l Angle [dearees)

Lol Led L] Lo

o

Cancel Help

Apply |

This is the type of plot. For a description of the options, see “T'ypes of Plots”

on page 3-3.
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5 Select the Parameter.

[v iPlot the selected parameters of this block

Source of frequency I:Iata:l Denved from Input Port parameters

Plat t_l,lpe:l Hr plane

Parameter: I 521

Ll Lo L] Lo

Format:l Angle [dearees)

Select the plot parameter

0K I Cancel Help | Apply

This is 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 3-4.

6 Choose the Format.

[v i Plot the selected parameters of this block

Source of frequency data:l Derived from Input Part parameters

Flat t_l,lpe:l =7 plane

Farameter: | 521

Lel Led L] Lo

Fu:urmat:l Angle [dearees)

o |

Cancel Help | Apply

Select the plot format

This is the format 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 3-4.

7 Click Apply.
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Note By default, the RF Blockset does not add a legend to some plots. To
display the plot legend, type 1legend 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.amp AMP 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”.

E!sparam_amp 18l =]

File Edit ‘iew Simulakion Format Tools Help

AMP Data File for Amplifier

Input

Output Cutput - IM
L

Input

&——& | General Amplifier

»

Input "1 Port Port 1 B-FFT
f f Spectrum
hite Hoise -
Input Fart Cemerl Smpliier Qutput Port
Center Frequency: 2. 1GHz

Infa

Ready |100% |FixedStepDiscrete 4
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3 Plotting Model Data

2 Double-click the General Amplifier block to display its parameters.

[C1Block Parameters: General Amplifier |

—General Amplifier [magk] (link]
Maonlinear amplifier described by an RFDATA object. Scalar [IP3/01P3 is needed if

there iz na nonlinear data in the RFDATA object. Secalar noize figure iz needed if
there iz no noise data in the RFDATA object.

D ata interpolation iz uged during simulation.

—Parameters
RFDATA object:
Iread[rfdata.data, ‘default. amp']
Interpolation method:l Linear j
[w Plot the selected parameters of this block
Source of freguency data:l Exstracted from RFDATA object j
Flat type:l Z Smith chart LI
Palameter:l S22 j
Format:l MHone j

] I Cancel | Help |

Notice that the RFDATA object parameter is set to read(rfdata.data,
'default.amp'). This value uses the RF Toolbox read function to import
data from the file default.amp into an rfdata.data object. The block uses
this data, along with the other block parameters, in simulation.

Note The General Amplifier block models the nonlinear amplifier
described by an rfdata.data object. See the RF Toolbox rfdata reference
page for information about rfdata objects.

See “AMP File Format” in the RF Toolbox documentation for information
about .amp files.
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3 Set the General Amplifier block parameters as follows:
¢ Select the Plot the selected parameters of this block check box.
¢ In the Plot type list, select Z Smith chart.

¢ In the Parameter list, select S22.

[C1Block Parameters: General Amplifier |

—General Amplifier [magk] (link]

Maonlinear amplifier described by an RFDATA object. Scalar [IP3/01P3 is needed if
there iz na nonlinear data in the RFDATA object. Secalar noize figure iz needed if
there iz no noise data in the RFDATA object.

D ata interpolation iz uged during simulation.

—Parameters

RFDATA object:
Iread[rfdata.data, ‘default. amp']

Interpolation method:l Linear j
[# Plot the selected parameters of this block

Source of freguency data:l Exstracted from RFDATA object

Palameter:l S22

=l
Flat type:l Z Smith chart LI
=l
I

Format: I MHone

] I Cancel Help | Aippl |

4 Click Apply.
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This action creates a Z Smith® chart of the S22 parameters using the
frequency data from the default.amp file.

) sparam_amp,/General Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help N

DEE& hRAO® || 0E 00

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 RF 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.

Note You do not need to update the plots that represent individual RF
components, because the RF Blockset redraws these plots when you make
changes to the block parameters.

To update an existing subsystem plot:

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

[Z1Block Parameters: Dutput Pork x|
—Output Part [mask] [link]

Connection block from RF Blockset physical blocks to Simulink.

After running a simulation, warious parameters of the RF spstem that iz delimited by an
Input Port block and thiz Dutput Port block can be visualized.

—Parameters

Load impedance:
|50

[ Plot the selected parameters of the RF spstem

Source of freguency data: | Derived from Input Port parameters

Parameter: I 511

=
Flat type:l Composite data j
=
=

Format: I MHaone

2 Clear and select the Plot the selected parameters of this block check
box.

3 Click Apply.
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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 range

Redraws plot using the new frequency data.

Plot type

Redraws figure in the new plot type, with the
following considerations:

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

¢ If you change the Plot type to or from
Composite data, the RF Blockset draws the
new plot in a new figure and does not update
the existing figure.

Parameter

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

Format

Redraws plot using the new format.
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To modify a plot:
1 Double-click the block to open the block dialog box.

[C1Block Parameters: General Amplifier |

—General Amplifier [mazk] (link]

Monlinear amplifier deseribed by an RFDATA object. Scalar [IP3/01P3 is needed if
there iz o nohlinear data in the RFDATA object. Scalar noize figure iz needed if
there iz no noize data in the RFDATA object.

D ata interpalation iz uzed during simulation.

—Parameters
RFDATA ohject:
Iread[rfdata.data, ‘default. amp’)
Interpolation method:l Linear j
[# Plot the selected parameters of this block
Source of frequency data:l User-zpecified j
Frequency data [Hz]:
J[1e3:128:2.9¢9]
Flat type:l Hr plane LI
Parameter:l M ;I
Format:l M agnitude [decibels] j

oK I Cancel

Applp |

Example Block Dialog Box Showing Plot Parameters
2 Change the plot options.

3 Click Apply.
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Example — Creating and Modifying Subsystem Plots

In this example, you perform the following tasks:

* “Plotting the Network Parameters of a Subsystem” on page 3-22
® “Adding Data to an Existing Plot” on page 3-24
¢ “Changing Data on an Existing Plot” on page 3-26

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 Simulink model window, select Simulation > Start to run the
simulation.

3 Double-click the Output Port block to open the block dialog box.
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4 Set the Output Port block parameters as follows:
¢ Select the Plot the selected parameters of this block check box.
® In the Plot type list, select X-Y plane.

¢ In the Parameter list, select S21.

[Z1Block Parameters: Output Port |
—Output Port [mask] [link]

Connection block fram RF Blackset physical blocks ta Simulink.

After running a simulation, warious parameters of the BF spstem that is delimited by an
Input Part block and this Dutput Part block can be visualized.

—Parameters

Load impedance:

E

[+ Flat the selected parameters of the RF system

Source of frequency data: | Derived from Input Port parameters LI

Flat type:l ¥ plane ;I

Palameter:l s j

Format:l Magnitude [decibels] j
Ok I Cancel Apply |

5 Click Apply.
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This action plots the magnitude of S21 (in decibels) as a function of
frequency on an X-Y plot.

~) sparam_amp;Output Port =10l x|
File Edit view Insert Tools Deskkop Window Help £

DEE&E h|RaM® |« 0B 2D

0 =50

Magnitude (decibels)

; H H
185 18 195 2 2058 21 215 22 225 23 235
Freg [GHz]

$21 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 3-22.

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

2 Change the value of Parameter to S22.
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[Z1Block Parameters: Output Port |
—Output Port [mask] [link]

Connection block fram RF Blackset physical blocks ta Simulink.

After running a simulation, warious parameters of the BF spstem that is delimited by an
Input Part block and this Dutput Part block can be visualized.

—Parameters

Load impedance:
E

[+ Flat the selected parameters of the RF system

Source of frequency data: | Derived from Input Port parameters

Flat type:l ¥ plane

=l
=l
Parameter:| 522 =
=l

Format:l Magnitude [decibels]

Ok I Cancel Apply |
3 Click Apply.
This action adds S22 to the plot.
T — R ——— =10l x|
File Edit vwiew Insert Tools Deskkop Window Help £
Deda h|aan € 0B 80
0 =50
25

Magnitude [decibels)
m

188 18 195 2 2068 21 218 22 228 23 235
Freg [GHz]

$21 and S22 versus Frequency for a Physical Subsystem

3-25



3 Plotting Model Data

3-26

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 Change the value of Plot type to Polar plane, as shown in the following
figure.

Notice that the value of Parameter remains as S22, the last parameter
selected for the previous plot.

[Z1Block Parameters: Output Port |
—Output Port [mask] [link]

Connection block fram RF Blackset physical blocks ta Simulink.

After running a simulation, warious parameters of the BF spstem that is delimited by an
Input Part block and this Dutput Part block can be visualized.

—Parameters

Load impedance:
E

[+ Flat the selected parameters of the RF system

Source of frequency data: | Derived from Input Port parameters LI
Plat type:l Puolar plare ;I
Palameter:l S22 j
Format:l Mane =l
Ok I Cancel Apply |

3 Click Apply.
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This action creates a Polar plane plot of S22 as a function of frequency.

) sparam_amp/Output Port =101 x|
File Edit View Insert Tools Desktop ‘Window Help LY

Deda k|jaams @ 0B "0
0 =50
a0

i

$22 versus Frequency for a Physical Subsystem
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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 Parameter field becomes invisible.

[Z1Block Parameters: Output Port |
—Output Port [mask] [link]

Connection block fram RF Blackset physical blocks ta Simulink.

After running a simulation, warious parameters of the BF spstem that is delimited by an
Input Part block and this Dutput Part block can be visualized.

—Parameters

Load impedance:

E

[+ Flat the selected parameters of the RF system

Source of frequency data: | Derived from Input Port parameters LI

Flat type:l Composite data ;I

Palameter:l S22 j

Format:l MHone j
Ok I Cancel Apply |
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The RF Blockset creates the plot in a new figure.

XY Plot,
Magnitude of
$12 (blue)
$21 (green)

X-Y Plot
Phase of
512 (blue)

$21 (green)

-} sparam_amp,/Output Port
File Edit View Insert Tools

Deskiop  Window Help

=1o0lx]|

DEHEE| k Qaan® €08 =0

Magnitude (decibels)

Angle (degress)

=
[=]

]
(=]

o

%]
(=]

.
o

22 2.4
Freqg [GHz]

=]
(8]

=
[=]

s 2 22 24

Freg [GHz]

2B

Polar Plot
S11 (blue)
$22 (green)

1 Smith Chart
S11 (blue)

522 (green)

Composite Plot for a Physical Subsystem
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Blocks — By Category

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 piocks — By Category

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
with phase noise



Physical

Physical

Ladder Filters (p. 4-3)
Transmission Lines (p. 4-3)
Black Box Elements (p. 4-4)
Amplifiers (p. 4-4)

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 RLC
Shunt RLC

Transmission Lines

Coaxial Transmission Line

Coplanar Waveguide Transmission
Line

Microstrip Transmission Line

Ladder filter blocks
Transmission line blocks
Black box elements blocks
Amplifier blocks

Mixer blocks

Connector blocks

Model LC bandpass pi network
Model LC bandpass tee network
Model LC bandstop pi network
Model LC bandstop tee network
Model LC highpass pi network
Model LC highpass tee network
Model LC lowpass pi network
Model LC lowpass tee network
Model series RLC network
Model shunt RLC network

Model coaxial transmission line

Model coplanar waveguide
transmission line

Model microstrip transmission line
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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

Amplifiers

General Amplifier
S-Parameters Amplifier
Y-Parameters Amplifier

Z-Parameters Amplifier

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 its
S-parameters

Model passive network using its
Y-parameters

Model passive network using its
Z-parameters

Model nonlinear amplifier described
by rfdata object

Model nonlinear amplifier using its
S-parameters

Model nonlinear amplifier using its
Y-parameters

Model nonlinear amplifier using its
Z-parameters



Physical

Mixers
General Mixer Model mixer described by rfdata
object
S-Parameters Mixer Model mixer using its S-parameters
Y-Parameters Mixer Model mixer using its Y-parameters
Z-Parameters Mixer Model mixer using its Z-parameters
Input/Output Ports
Input Port Connection block from Simulink

environment to RF physical blocks

Output Port Connection block from RF physical
blocks to Simulink environment
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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

Specify the method of your choice using this parameter in the block
dialog box. 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 figure
below.



Amplifier

AMPM

=
£ »‘ (1)
Ciut

Application of Nonlinearity

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

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

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

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

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

¢ Qutput voltage against input voltage for the AM/AM conversion
¢ Qutput phase against input voltage for the AM/PM conversion

Saleh hodel

[¥5)
=

Output WValtage (AMAAM)
Output Phase Change (AWM

[y}

S T T S N

|
1] 02 04 0B 08 1 12 1.4 16 1.8 2
Input Yaltage
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Effects of the Amplifier Block

You can see the effect of the Amplifier block in the demo

Intermodulation: Mathematical Amplifier.

E!math_amp

File Edit ‘iew Simulation Format Tools Help

=lolx]

AR

hultitone

Baseband-Equivalent Slider Gain

tdultitone Signal

Info

Ready

Intermodulation: Mathematical Amplifier

Output

ol

¥

Input

=

Amplifier

The baseband-equivalent
to-tone frequencies:
-30MHz and 20kHz

Input

FFT

COutput

o{

FFT

Input

[1002% [

[FixedStepDiscrets

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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) math_amp/Input _ O] x|
File #Axes Channels Window Help ~u
-50
um]
s
=
s
=
S, -100
[
=
-150

015 -01 005 0 005 01 015
Frequency (GHz)

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,/0Outpuk o |I:I|5|
File #Axes Channels ‘window Help N

°

-20
-40
B0

Magnitude, dB

-80
-100
-120

015 -01 -005 0O 005 01 015
Frequency (GHz)
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Parameters for Nonlinear Methods

The following sections discuss parameters specific to the following
models:

¢ “Cubic Polynomial Model” on page 5-7

e “Hyperbolic Tangent Model” on page 5-8

® “Saleh Model” on page 5-8

® “Ghorbani Model” on page 5-9

e “Rapp Model” on page 5-10

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

Cubic Polynomial Model

The third-order input intercept point ITP3 (dBm) parameter is used
to compute a scaling factor, which is then applied to the input signal.
The scaling factor is equal to 3 divided by the IIP3 parameter value,
converted from decibels to linear units.

The scaled input is then limited to a maximum value of 1 and the
amplitude gain is applied according to the following function

Faprram@) = u-%

where u is the magnitude of the scaled signal.

The AM/PM conversion (degrees per dB) parameter specifies the
linear phase change. This is applied 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

5-7
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(AM/PM conversion) - (upper input power limit — lower input power limit)
respectively. ’
The Linear gain (dB) parameter scales the output signal.

Hyperbolic Tangent Model

The third-order input intercept point ITP3 (dBm) parameter is used
to compute a scaling factor, which is then applied to the input signal.
The scaling factor is equal to 3 divided by the IIP3 parameter value,
converted from decibels to linear units.

The amplitude gain is then applied to the scaled input according to
the following function

F yapoane) = tanhiu)

where u is the magnitude of the scaled signal.

The AM/PM conversion (degrees per dB) parameter specifies the
linear phase change. This is applied 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

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



Amplifier

alpha*u

Fan anlu) = 3
1+ beta*u

where u is the magnitude of the scaled signal.

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

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

The AM/AM parameters, [x, X, X; X,], are used to compute the amplitude
gain for an input signal using the following function
Xa
A0
FAHA_H[ ) = —1 + Xy
1+xqu :

where u is the magnitude of the scaled signal.

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

Wa
Yl
Fanopae) = — e T Y4l
1+ yqu
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where u is the magnitude of the scaled signal.
The Output scaling (dB) parameter scales the output signal similarly.
Rapp Model

The Smoothness factor and Output saturation level parameters
are used to compute the amplitude gain for an input signal by the
following function

_ i
F g anite) = u +2dS VIS
(+(o=))

)

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)



Amplifier

Dialog
Box

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.

[Z]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.

ITP3 (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 betal
Vector specifying the AM/AM parameters. This field becomes
visible if you select Saleh model as the Method parameter.
Tunable.

AM/PM parameters [alpha betal
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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References

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 0 dB
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.

[1] Ghorbani, A. and M. Sheikhan, “The Effect of Solid State Power
Amplifiers (SSPAs) Nonlinearities on MPSK and M-QAM Signal
Transmission,” Sixth Int’l Conference on Digital Processing of Signals in
Comm., 1991, pp. 193-197.

[2] Rapp, C., “Effects of HPA-Nonlinearity on a 4-DPSK/OFDM-Signal
for a Digital Sound Broadcasting System,” in Proceedings of the Second
European Conference on Satellite Communications, Liege, Belgium, Oct.
22-24, 1991, pp. 179-184.
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[3] Saleh, A.A. M., “Frequency-independent and frequency-dependent
nonlinear models of TWT amplifiers,” IEEE Trans. Communications,
vol. COM-29, pp.1715-1720, November 1981.

See Also Bandpass RF Filter, Bandstop RF Filter, Highpass RF Filter, Lowpass
RF Filter, Mixer
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Purpose
Library

Description

TR
T e B
il
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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.
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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 Bandpass RF Filter block designs the filters using the Signal
Processing Toolbox filter design functions buttap, chebiap, cheb2ap,
ellipap, and besselap.

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

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

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

—Parameters

Design method: | Buttenmarth LI

Filker order:
E

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

Upper pazzband edge frequency [Hz):
|2.00023

Finite impulze response filter length:
|32

Center frequency [Hz):

|2=9

Sample time [s):

[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.
TR 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.
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Select the design of the filter from the Design method list in the dialog
box. For each design method, the block enables you to specify the filter
design parameters shown in the following table.

Design Method Filter Design Parameters

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

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

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

Elliptic Order, lower passband edge frequency,

upper passband edge frequency, passband
ripple, stopband attenuation

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

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

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

E! Function Block Parameters: Bandstop RF Filter x|

—Bandstop RF Filter [mask] [link)]

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

—Parameters

Deszign methad: | Buttenaarth LI
Filter ardar:

|3

Lower passband edge frequency [Hz):

|1.3998=4

Upper passband edge frequency [Hz):
200028

Finite impulze response filter length:
32

Center frequency [Hz):

J2ea

Sample time [z]:

[1=6

Cancel | Help | Apply |

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

You can change tunable parameters while the model is running.

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

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

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

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

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

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

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

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

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

Center frequency (Hz)
Center of the modeling frequencies.

Sample time (s)
Time interval between consecutive samples of the input signal.
Amplifier, Bandpass RF Filter, Highpass RF Filter, Lowpass RF Filter,

Mixer

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

Description

——

Coaxial

Model coaxial transmission line
Transmission Lines sublibrary of the Physical library

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

Inner canductar
Dielectric

Outer 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 calculates the frequency-dependent
S-parameters using the physical length of the transmission line, D, and
the complex propagation constant, %.

S, =0
Sy = P
Soq = P
S, =0



Coaxial Transmission Line

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

k =k +jk; = JIR+ j2afL)(G + j2nfC)

where
1 1 1

R ="

L
G _ E.I[Gdiel

Inid A a)

_ e
Inid A a)

In these equations, “cend is the conductivity in the conductor and “diel is
the conductivity in the dielectric. " is the permeability of the dielectric,

£ is its permittivity, and skin depth & is calculated as 1/ .,-"ff HCond. fis a
vector of modeling frequencies determined by the Output Port block.

The Coaxial Transmission Line block normalizes the resulting
S-parameters to a reference impedance of 50 ohms.

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.
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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 in Ze'rz

[ 0 [ 0

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

o B T > =
1] 1]
(B T 5

L
DICI Iog [C1Block Parameters: Coaxial Transmission Line |
— ) o o
Box Coawial Transmizzion Line [maszk] (link]

Model a coaxial transmission line.

—Parameters

Outer radiug [m]:
|257e-3

Ititer radius [m]:

|0.725e-3

Relative permeability constant:
1
Relative permittivity constant:

|23

Conductivity in conductor [S/m]:
fin

Conductivity in dielectric [S /m):

jo

Transmission line length [m]:

jom

Stub mode:l Mat a stub ;I

I~ Plat the selected parameters of thiz block

Source of frequency data:l Uzer-specified ;I

Frequency data [Hz):
|81, 0e6:3e8]

Flat type:l # plane j
F'alameter:l 521 LI
Format:l Angle [degrees] ;I

ak. I Cancel | ;

Apply |

Outer radius (m)
Radius of the outer conductor of the coaxial transmission line.

5-27



Coaxial Transmission Line

5-28

References

See Also

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 Hu.

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

Conductivity in dielectric (S/m)
Conductivity of the dielectric 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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

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

Coplanar Waveguide Transmission Line, General Passive Network,
Transmission Line, Microstrip Transmission Line, Parallel-Plate
Transmission Line, Two-Wire Transmission Line
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Purpose
Library
Description

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 here in cross-section. Its
physical characteristics include the conductor width (w), the conductor
thickness (¢), the slot width (s), the substrate height (d), and the relative
permittivity constant (=).

=
“J' .
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 calculates the
frequency-dependent S-parameters using the physical length of the
transmission line, D, and the complex propagation constant, .

S, =0
S]Q _ e—kD
—-kD
521 = g
S5 =0
k=o,+ ’;B, where % is the attenuation coefficient and P is the wave

number. The attenuation coefficient ®« is related to the loss, @, by
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=
o = -Ini0 *

where o is the reduction in signal strength, in dB, per unit length.
combines both conductor loss and dielectric loss and is derived from the
physical parameters specified in the Coplanar Waveguide Transmission
Line block dialog box.

The wave number P is related to the phase velocity, V,, by

Vp=c/feer , where Zeff is the frequency-dependent effective dielectric
constant. fis a vector of modeling frequencies determined by the
Output Port block. The phase velocity V, is also known as the wave
propagation velocity.

The Coplanar Waveguide Transmission Line block normalizes the
resulting S-parameters to a reference impedance of 50 ohms.

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.

5-30



Coplanar Waveguide 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
Z in Ze'rz

[ 0 [ 0

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

in

o B T > =
1] 1]
(B T 5

E! Block Parameters: Coplanar Waveguide Transm:

—Coplanar W aveguide Transmission Line [mask] [link)

Model a coplanar waveguide transmizsion line.

—Parameters

Conductor width [m]:

|06e3
Slot width [m):

|02e-3
Substrate height [m]:

06353
Strip thickness [m]:

|0.005e-3

Relative permittivity constant:

|ag

Conductivity in conductar [S/m):

Jin

Loss tangent in dielectric:

jo

Tranzmission line length [m]):

joo

Stub mode:l Mot a stub
I~ Plat the selected parameters of this block

Source of frequency data:l Uzer-specified

Frequency data [Hz):

|81, 0e6:3e8]

Plat t_l,lpe:l =4 plane

F'alameter:l 521

Format:l Angle [degreez]

0K I Cancel Help |




Coplanar Waveguide Transmission Line

References

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.

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

Loss tangent in 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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

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

®| Geneal Ampliier |2

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

The General Amplifier block models the nonlinear amplifier described
by an RF Toolbox data (rfdata.data) object.

Network Parameters

If network parameter data and their corresponding frequencies exist as
S-parameters in the rfdata.data object, the General Amplifier 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 Appendix A, “RF Blockset
Algorithms” for more details.

Nonlinearity

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

If the rfdata.data object contains no power data, then you can enter
either the OIP3 or ITP3 as a scalar value for nonlinearity in the General
Amplifier block dialog box.

Active Noise

If active spot noise data exists in the rfdata.data object, the block
uses the data to calculate the 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.

If the rfdata.data object contains no noise data, then you can enter a
value for the noise figure in the General Amplifier block dialog box.

Data Consistency

If you create the rfdata.data object by reading data from a MathWorks
AMP file that contains both network parameter data and power data,
the RF Blockset checks the data for consistency and reconciles it as
necessary.
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The RF 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 RF Blockset adds
AP to the output power values at each specified input power value to
resolve the discrepancy for simulation. This discrepancy is shown in
the following graph.

--- Small Signal Network Data
s+ Specified Power Data
xxx Reconciled Power Data
X x X
X
X
Poyt (dBm)
AP *
1
o by (dBm)
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L]
Dla Iog [C1Block Parameters: General Amplifier x|

Box —General Amplifier [magk] (link]
Maonlinear amplifier described by an RFDATA object. Scalar [IP3/01P3 is needed if

there iz na nonlinear data in the RFDATA object. Secalar noize figure iz needed if
there iz no noise data in the RFDATA object.

D ata interpolation iz uged during simulation.

—Parameters

RFDATA object:
Iread[rfdata.data, ‘default. amp']

Interpolation method:l Linear j
[ Plot the selected parameters of this block

Source of freguency data:l Extracted from RFDATA object j
Flat type:l #r plane LI
Palameter:l 511 j
Format:l M agnitude [decibels] j

’TI Cancel | o Help | Apply |

RFDATA object
An RF Toolbox data (rfdata.data) object. You can specify the
object as (1) the handle of a data object previously created using
the RF Toolbox, (2) an RF Toolbox command such as rfdata.data,
which creates a default data object, or (3) a MATLAB expression
that generates such an object. See the RF Toolbox documentation
for more information about data objects.

Interpolation method
For network data, the method used to interpolate the parameters
contained in the rfdata.data object. Interpolation can be Cubic,
Linear (default), or Spline.

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
becomes visible only if the rfdata.data object contains no power
data.
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ITP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select IIP3 as the IP3 type. This parameter becomes
visible only if the rfdata.data object contains no power data.

OIP3 (dBm)
Output power intercept point as a scalar value. This field becomes
visible if you select 0IP3 as the IP3 type. This parameter becomes
visible only if the rfdata.data object contains no power data.

Noise figure (dB)
Scalar ratio 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 becomes visible only if the
rfdata.data object contains no noise data.

Note 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.

Examples Creating a General Amplifier Block from File Data

This example uses the RF Toolbox read function to create an
rfdata.data object that describes the nonlinear amplifier in the

file default.amp. The file, which is read into an RF Toolbox data
(rfdata.data) object, 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. The General Amplifier block uses linear
interpolation to model the network described in the object.

Note See “AMP File Format” in the RF Toolbox documentation for
information about .amp files.
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E! Block Parameters: General Amplifier x|

—General Amplifier [mazk] [link]

Monlinear amplifier described by an RFDATA object Scalar IP3/01P3 iz needed if
there iz no nonlinear data in the RFDATA object. Scalar noize figure is needed if
there iz no noise data in the RFDATA object.

[Diata interpolation is used during simulation.

P, |

RFDATA object:

Ilead[lfdata.data, ‘default. amp’)

Interpolation method:l Linear LI

¥ Flot the selected parameters of this block

Source of friequency data:l Estracted from RFDATA object LI

Plat type:l Z Smith chart LI

F‘arameter:l 522 LI

Format:l Hone =l
QK I Cancel | Aipply |

The plot parameters in the dialog box request a Z Smith chart of the
S22 parameters using the frequencies taken from the RFDATA object
parameter.

5-39



General Amplifier

.} untitled/General Amplifier ;lﬂlll
u

File Edit Yiew Insert Tools Desktop ‘Window Help

DeEaES heaam® €08 O

Z0= &0 +1.0

See Also Output Port, S-Parameters Amplifier, Y-Parameters Amplifier,
Z-Parameters Amplifier

rfdata, 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.

[CIBlock Parametets: General Circuit Element x|

—General Circuit Element [mask] [link]

Two-part network. described by an RFCKT object.

—Parameters

RFCET object:
Iread[rfckt.amplifier, ‘default.amp')

I~ Flat the selected parameters of thiz block

Source of frequency data:l User-specified j

Frequency range [Hz):
JI1. 551 025:2 2e8]

Plat type:l ¥ plane ;I
Palameter:l S j
Format:l M agnitude [decibels] j

Ok I Cancel |

RFCKT object

An RF Toolbox circuit (rfckt) object. You can specify the object
as (1) the handle of a circuit object previously created using the
RF Toolbox, (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 the RF Toolbox documentation for
more information about circuit objects.
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Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Examples Creating a General Circuit Element from an RF Toolbox Object

This example uses the rfckt.txline object, which describes a
transmission line.

[Z1Block Parameters: General Circuit Element |

—General Circuit Element [mask] [link]
Two-part network. described by an RFCKT object.

—Parameters

RFCET object:
Irfckt.tline

¥ Flat the selected parameters of thiz block

Source of frequency data:l User-specified j

Frequency range [Hz):
1. 9251 025:2 2e8]

Plat type:l ¥ plane ;I
Palameter:l 512 j
Format:l Magnitude [decibels] j

Ok I Cancel

The plot parameters in the dialog box request an X-Y plane plot of the
S12 parameters in the frequency range 1.9 to 2.2 GHz.
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<) untitled/General Circuit Element _|EI|1|
File Edit Wew Insert Tools Desktop ‘Window Help u

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

rfckt (RF Toolbox)
interp1 (MATLAB)
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Purpose
Library

Description

&| Genemal Mxer |

Model mixer 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 their 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.

The RF Blockset computes the normalized reflected amplitude at the

mixer input ( E.; ) and at the mixer output ( E,5 ) from the interpolated
S-parameters as

Ep1(Fin) = S11Fin) Eit (fin) + S12(Fin ) Eio (fout)
ErZ(fout) = SZl (ﬂn )Ezl(fzn) + SZZ(ﬁn)EiZ(fout)

where

e f. and f,, arethe mixer input and output frequencies, respectively.

* E;; and E;; are the normalized incident amplitudes at the mixer
input and output, respectively.

The interpolated S21 parameter values describe the conversion gain as
a function of frequency, referred to the mixer input frequency.
Active Noise

If active spot noise data exists in the rfdata.data object, the block uses
the data to calculate the noise figure. It first interpolates the noise



General Mixer

data for the modeling frequencies, using the specified Interpolation
method. It then calculates the noise figure using the resulting values.

If the rfdata.data object contains no noise data, the General Mixer
block dialog lets you enter a value for the noise figure.

Phase Noise

The General Mixer block applies phase noise to a complex baseband
signal. The block first applies generates additive white Gaussian noise
(AWGN) and filters it with a digital filter. It then adds the resulting
noise to the angle component of the input signal.

5-45



General Mixer

L
DIO |Og [Z]Block Parameters: General Mixer |

Box —General Miser [mask] [link]

2-port mixer described by an RFDATA object and Phase noise. Scalar IIP3/0IF3 iz
heeded if there is ho nhonlinear data in the RFDATA object. Scalar noise figure is
needed if there is ho noige data in the RFDATA object.

D ata interpalation is used during simulation,

—Parameters

RFDATA object:
Iread[rfdata.data, ‘default.s2p")

Interpolation method:l Linear

Le] L4l

Type: I Dawnconwverter
LO frequency [Hz]:
J03e9

IP3 type: | DIP3 =l

0IP3 [dBim):
Jin

FPhase noize frequency offzet [Hz):
101110 100]1e3

Phase noise level [dBc/Hz):

|[-?D -120-140 -150]

[~ Plot the selected parameters of this block

Sowrce of frequency data:l Estracted from RFDAT A object

Palameter:l 521

[
Flat type:l ®-7 plane LI
I~
I

Format:l M agnitude [decibels]

RFDATA object
An RF Toolbox data object (rfdata.data) that describes a mixer.
You can specify the object as (1) the handle of a data object
previously created using the RF Toolbox, (2) an RF Toolbox
command such as rfdata.data that creates a default data object,
or (3) a MATLAB expression that generates such an object. See
the RF Toolbox documentation for more information about data
objects.
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Interpolation method
For network data, the method used to interpolate the parameters
contained in the rfdata.data object. Interpolation can be Cubic,
Linear (default), or Spline.

Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

LO frequency (Hz)
Local oscillator frequency. If you choose Downconverter, the RF

Blockset computes the mixer output frequency, fout, from the

mixer input frequency, fm , and the local oscillator frequency, f|0,

as fout = Fin—To, If you choose Upconverter, Fout = FintFio,

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

than f,. Otherwise, an error appears.

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
becomes visible only if the rfdata.data object contains no power
data.

ITP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select IIP3 as the IP3 type. This parameter becomes
visible if the rfdata.data object contains no power data and you
select TIP3 as the IP3 type.

OIP3 (dBm)
Output power intercept point as a scalar value. This field becomes
visible if you select 0IP3 as the IP3 type. This parameter becomes
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visible if the rfdata.data object contains no power data and you
select 0IP3 as the IP3 type.

Noise figure (dB)
Scalar ratio 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 becomes visible only if the
rfdata.data object contains no noise data.

Phase noise frequency offset (Hz)
Vector specifying the frequency offset.

Phase noise level (dBc/Hz)
Vector specifying the phase noise level.

Note For information about plotting the mixer parameters, see
Chapter 3, “Plotting Model Data”. Use RF Tool or the RF Toolbox
plotting functions to plot other data.

See Also Output Port, S-Parameters Mixer, Y-Parameters Mixer, Z-Parameters
Mixer

rfdata, rfdata.data (RF Toolbox)
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Purpose Model two-port passive network described by rfdata object
Libra ry Black Box Elements sublibrary of the Physical library
Description The General Passive Network block models the two-port passive

network described by an RF Toolbox data (rfdata.data) object.

General

*| Passive Network |* 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.

M -
DIO |Og E! Block Parameters: General Passive Network |
— " i 1
Box General Passive Metwork [mazk] [link]

Twio-port pazsive network described by an RFDATA object.

[ ata interpolation is used during simulation,

—Parameters

RFDATA Object:
Iread[rfdata.data, ‘passive.s2p’]

Interpolation method:l Linear j

I~ Plat the selected parameters of this block

Source of frequency data:l Eutracted from RFDATA abject ;I

Flat type:l =4 plane j

Palameter:l 521 j

Format:l M agnitude [decibels] j
ok | Aoty |

RFDATA object
An RF Toolbox data (rfdata.data) object. You can specify the
object as (1) the handle of a data object previously created using
the RF Toolbox, (2) an RF Toolbox command such as rfdata.data
that creates a default data object, or (3) a MATLAB expression
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that generates such an object. See the RF Toolbox documentation
for more information about data objects.

Interpolation method
Method used to interpolate the parameters contained in the
rfdata object. Interpolation can be Linear (default), Spline, or
Cubic.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Examples Creating a General Passive Network Block from File Data

This example uses the RF Toolbox read function to create an
rfdata.data object that describes the two-port passive network 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.

E! Block Parameters: General Passive Network x|

—General Pazsive Netwark [mazk] [link]

Two-port pazsive network described by an RFDATA object.

D ata interpolation i uzed during simulation.

—Parameters

RFDATA Object:
Iread[rfdata.data, ‘passive.z2p]

Interpolation method: I Linear LI

¥ Flat the selected parameters of thiz block

Sowrce of frequency data:l Extracted from RFDATA object

Parameter: I 511

=
Flat type:l Z Smith chart LI
=l
=

Faormat: I MHane

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

The plot parameters in the dialog box request a Z Smith chart of the

S11 parameters using the frequencies taken from the RFDATA object
parameter.

) untitled/General Passive Network - |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= 50 +1.0

General Circuit Element, Output Port, S-Parameters Passive Network,
Y-Parameters Passive Network, Z-Parameters Passive Network

rfdata, rfdata.data (RF Toolbox)
interp1 (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 11
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 lets you specify the filter design
parameters shown in the following table.



Highpass RF Filter

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, cheb1ap, 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.

5-53



Highpass RF Filter

5-54

Dialog
Box

Z]Function Block Parameters: Highpass RF Filter x|

—Highpasz RF Filter [mazk] [link]

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

—Parameter

Design method: | Buttenaorth LI
Filker order:

]

Pazzband edge frequency [Hz):

1.99985

Finite impulze rezponze filter length:
J32

Center frequency:

J2ea

Sample time [=):
[1=6

Cancel | Help | Apply |

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

You can change tunable parameters while the model is running.

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

Filter order
Order of the filter.

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

Stopband edge frequency (Hz)
Stopband edge frequency for Chebyshev II designs. Tunable.
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See Also

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

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

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

Center frequency (Hz)
Center of the modeling frequencies.

Sample time
Time interval between consecutive samples of the input signal.
Amplifier, Bandpass RF Filter, Bandstop RF Filter, Lowpass RF Filter,

Mixer

buttap, cheblap, cheb2ap, ellipap, besselap (Signal Processing
Toolbox)
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Purpose Connection block from Simulink environment to RF physical blocks
Libra ry Input/Output Ports sublibrary of the Physical library
Description The Input Port block serves as a connecting port from the Simulink, or

mathematical, part of the model to an RF physical part of the model.
Input The Input Port block lets you provide the parameter data needed
Port to calculate the modeling frequencies and the baseband-equivalent
impulse response for the physical subsystem.

El

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-15. 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 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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Dialog
Box

Z1Block Parameters: Input Port

—Input Port [maszk] (link]

Connection block fram Simulink ta BF Black et physical block .

The RF Blockset physical blocks uze a bazeband-equivalent modeling technigue. The
bandwidth modeled is 1/(Sample time], centered on the specified Center frequency.
The Center frequency coresponds o 0 Hz in the bazeband-equivalent model. Finite
impulze rezponze [FIR] filters are uzed to model the frequency dependent
characteristics and look-up tables are uzed ta model the nonlinear behaviors of RF
Blockzet physical blocks between this block and the Output Port block.

—Parameter

Firite impulze response filter length:

Center frequency [Hz]:
|2ea

Sample time [=]:

f1=7

Source impedance;
|50
v Add noise

Initial seed:

|67387

0K I Cancel | Help | Aipply

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 approximatel

y equal to 1/ (finite

impulse response filter length*sample time). For a graphical
representation of this parameter, see “Baseband-Equivalent

Modeling” on page A-10.
Center frequency (Hz)

Center of the modeling frequencies. See the Output Port block
reference page for information about calculating the modeling

frequencies.
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Sample time (s)
Time interval between consecutive samples of the input signal.

Source impedance
Source impedance of the RF network described in the physical
model to which it connects.

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
is taken into consideration. If you do not select this block, noise
data is 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 L.C Bandpass Pi block models the L.C 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
paib 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 circuit diagram below.

(L, L,, 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
Box

5-60

E! Block Parameters: LC Bandpass Pi |
—LC Bandpass Fi [mask] [link]
Model an LC bandpass pi netwark.

—Parameters

Inductance [H]:

|[1.444Ee-9 439498 1.4446-9]
Capacitance [F):

|[3. 5785e-11 1.1762e-12 3.5785:-11]

I~ Plat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data [Hz):

|1500e6: 4e6: 300=6]

Flat type:l #r plane LI
Palameter:l 521 j
Format:l M agnitude [decibels] j

] I Cancel |

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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.




LC Bandpass Pi

Examples

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 Spectrum Scope block (Signal Processing

Blockset) plots the filtered

output.

E!chandpass_euample £

File Edit View Simulation Format Tools Help

=1o1x]

D& $ Bl uliom e RE

Input
Fort

h 4

ik

Random
Soumre Input Port

LZ Bandpass Pi

Cutput

o s

Fort

Cutput Port

FFT

Spectrum
Scope

Ready [100% [

Jodeds

4

The Random Source block (Signal Processing Blockset) 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.
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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.

[Z1Block Parameters: Input Pork x|

—Input Port [mazk] (link]

Connection black from Simulink to RF Blockset physical blacks.

The RF Blockset physical blocks uze a bazeband-equivalent modeling technique. The
bandwidth modeled is 1/(Sample time), centered on the specified Center frequency.
The Center frequency corresponds to 0 Hz in the bazeband-equivalent madel. Finite
impulze rezponge [FIR] filters are uzed to model the frequency dependent
characteristics and look-up tables are used to model the nonlinear behaviors of BF
Blockset physical blocks between this block and the Output Port block.

—Parameter

Finite impulze responze filter length:
256

Center frequency [Hz]:
{7006

Sample time [s);

|1e3

Source impedance:
E
[~ Add noize

oK | Cancel |

Apply |

The LC Bandpass Pi block provides the inductances for three inductors,
in order from source to load, [1.4446e-9, 4.3949¢e-8, 1.4446e-9].
Similarly, it provides the capacitances for three capacitors [3.5785e-11,
1.1762e-12, 3.5785e-11].

5-62



LC Bandpass Pi

E! Block Parameters: LC Bandpass Pi |
—LC Bandpass Fi [mask] [link]
Model an LC bandpass pi netwark.

—Parameters

Inductance [H]:

|[1.444Ee-9 439498 1.4446-9]
Capacitance [F):

|[3. 5785e-11 1.1762e-12 3.5785:-11]

I~ Plat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data [Hz):

|1500e6: 4e6: 300=6]

Flat type:l #r plane LI
Palameter:l 521 j
Format:l M agnitude [decibels] j

] I Cancel |

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.
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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.

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

1]

-10

20

-30

-40

50

Magnitude, dE

&0

-80

=0

04 03 02 -01 1] 0.1 0.z 03 0.4 0.5
Frame: 1174 Frequency [(GHz)

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

[2] Zverev, Anatol 1., Handbook of Filter Synthesis, John Wiley & Sons,
1967.

See Also General Passive Network, LLC Bandpass Tee, LLC Bandstop Pi, L.C
Bandstop Tee, LC Highpass Pi, L.C Highpass Tee, LC Lowpass Pi, L.C
Lowpass Tee, Series RLC, Shunt RLC
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Purpose
Library

Description

—ng—
® &

Model L.C bandpass tee network
Ladder Filters sublibrary of the Physical library

The LC Bandpass Tee block models the LC 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
paib A=1,B=0,C=Y,and D = 1, where Y is the admittance of the
shunt pair.

The LC 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 circuit diagram below.

[L,, Ly, Ly, L, ...] is the value of the 'L' property, and [C,, C,, C;, C,, ...]
is the value of the 'C' property.
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L]
Dla Iog [E1Block Parameters: LC Bandpass Tee |
Box —LC Bandpass Tee [mask] [link]
Model an LC bandpass tee network.
—Parameters
Inductance [H]:

|[2.?B123-8 30139 2.7812e8]

Capacitance [F):
|[1.858?e-12 1.7157e-11 1.8587e12]

I~ Plat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data [Hz):

|1500e6: 4e6: 300=6]

Flat type:l #r plane LI
Palameter:l 521 j
Format:l M agnitude [decibels] j

ok | cameat |

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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Examples See the LC Bandpass Pi block for an example of an LC filter.
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References

See Also

[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, L.LC Bandpass Pi, LC Bandstop Pi, L.C
Bandstop Tee, LC Highpass Pi, L.C Highpass Tee, LC Lowpass Pi, L.C
Lowpass Tee, Series RLC, Shunt RLC
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Purpose Model LC bandstop pi network
Libra ry Ladder Filters sublibrary of the Physical library

Description The L.C Bandstop Pi block models the L.C bandstop pi network
described in the block dialog box, in terms of its frequency-dependent

o fﬁf o S-parameters.

—r 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
pairb 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 circuit diagram below.

Lo Ly
C, Cy "~
| | | |

L, | Ly |

Cy Cs

1 L

(L, L,, 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
Box

Examples

E! Block Parameters: LC Bandstop Pi |
—LC Bandstop Pi [mask] [link]
Model an LC bandstop pi network.

—Parameters
Inductance [H]:
|[2. 8091e-8 2.2603=-9 2.8051e-8]
Capacitance [F):
|[1.84039-12 2.287e-11 1.8403212]

I~ Plat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data [Hz):

|1500e6: 4e6: 300=6]

Flat type:l #r plane LI
Palameter:l 521 j
Format:l M agnitude [decibels] j

ok | cameat |

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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

See the LC Bandpass Pi block for an example of an LC filter.
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References

See Also
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[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, L.C
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Purpose

Description

e

T

Model L.C bandstop tee network
Ladder Filters sublibrary of the Physical library

The LC Bandstop Tee block models the LC bandstop 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
paib A=1,B=0,C=Y,and D = 1, where Y is the admittance of the
shunt pair.

The LC 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 circuit diagram below.

L, Ly
— ¢ c,
|| ||
| L, | L,

Co

-

[L,, Ly, Ly, L, ...] is the value of the 'L' property, and [C,, C,, C;, C,, ...]
is the value of the 'C' property.
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L]
DIO |Og [C1Block Parameters: LC Bandstop Tee |
— ik 1 -
Box LC Eandstop Tee [mazk] [link] |2l
Madel an LC bandstop tee netwark.
—Parameters
Inductance [H]:

|[2.?908e-9 4.9321e-8 27908e-9]

Capacitance [F:
|[1.85233-11 1.0481e12 1.8523e-11]

[ Plot the selected parameters of this block

Source of frequency data:l Lzer-zpecified ;I
Frequency data [Hz):

|[500e6: 4=6: S00=E6]

Flot type: I -1 plane ﬂ
F'arameter:l 521 LI
Format:l Magnitude [decibelz] ;I

ok | canea |

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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Examples See the LC Bandpass Pi block for an example of an LC filter.
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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 Pi, LC Bandpass Tee, L.C
Bandstop Pi, LC Highpass Pi, LC Highpass Tee, L.C Lowpass Pi, LC
Lowpass Tee, Series RLC, Shunt RLC
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Purpose
Library

Description

@ﬂ.ﬁ

Model LC highpass pi network
Ladder Filters sublibrary of the Physical library

The LC Highpass Pi block models the LC highpass pi 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=7,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 L.C 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 circuit diagram below.

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

Examples

E! Block Parameters: LC Highpass Pi

—LC Highpass Pi [mask] [link]
Maodel an LC highpass pi netwark.

—Parameters

Inductance [H]:

|[1.1881 ef 1188 eE]

Capacitance [F):

|22363e-9

I~ Plat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I

Frequency data [Hz):

JI1:1=5:4=6]

Flat type:l #r plane LI

Palameter:l 521 j

Format:l M agnitude [decibels] j
] I Cancel | Aippl

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.

Note For information about plotting, see Chapter 3, “Plotting Model

Data”.

See the LC Bandpass Pi block for an example of an LC filter.
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References

See Also
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Purpose
Library

Description

T
& &

Model LC highpass tee network
Ladder Filters sublibrary of the Physical library

The LC Highpass Tee block models the LC 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=7,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 circuit diagram below.

(L, L,, Ly, ...] is the value of the 'L' property, and [C,, C,, Cj, ...] is the
value of the 'C' property.
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E! Block Parameters: LC Highpass Tee |

—LC Highpass Tee [mask] [link]
Maodel an LC highpass tee network.

—Parameters

Inductance [H]:
|5.5907e 6

Capacitance [F):

|[4. 7524210 4.7524e-10]

I~ Plat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data [Hz):

JI1:1.0e5:4=6]

Flat type:l #r plane LI
Palameter:l 521 j
Format:l M agnitude [decibels] j

ok | cameat |

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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

See the LC Bandpass Pi block for an example of an LC filter.
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Purpose Model LC lowpass pi network
Libra ry Ladder Filters sublibrary of the Physical library

Description The LC Lowpass Pi block models the LC lowpass pi network described in
the block dialog box, in terms of its frequency-dependent S-parameters.

® TWL—EI 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=7,C =0, and
D =1, where Z is the impedance of the series circuit. For each shunt,
A=1,B=0,C=Y,and D = 1, where Y is the admittance of the shunt
circuit.

The LC Lowpass Pi block then cascades the ABCD-parameters for each
circuit element at each of the modeling frequencies, and converts the
cascaded parameters to S-parameters using the RF Toolbox abcd2s
function.

See the Output Port block reference page for information about
determining the modeling frequencies.

The LC lowpass pi network object is a two-port network as shown in
the circuit diagram below.

Ly L,

T ——--

S C1 — 7 —C5

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

] is the

g5 ee-
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L]
Dla Iog [C1Block Parameters: LC Lowpass Pi |
— i i 1
Box LC Lowpass Pi [mask] [link]
Model an LC lowpass pi network.
—Parameters
Inductance [H]:
|28310e6

Capacitance [F):
|[5. 3296e-9 5.3296e-9]

I~ Plat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data [Hz):

JI1:1.0e5:4=6]

Flat type:l w1 plane LI
Palameter:l 521 j
Format:l M agnitude [decibels] j

’TI Cancel | o 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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Examples See the LC Bandpass Pi block for an example of an LC filter.
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Purpose
Library

Description

T

@M@

Model LC lowpass tee network
Ladders Filters sublibrary of the Physical library

The LC Lowpass Tee block models the LC 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=7,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 circuit diagram below.

Ly L, Ls

P T —— T

S C1 N C2 S C3

[L,, L,, L, ...] is the value of the 'L' property, and [C,, C,, Cj, ...] is the
value of the 'C' property.
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E! Block Parameters: LC Lowpass Tee |

—LC Lowpaszs Tee [mask] [link)]

Model an LC lowpass tee network.

—Parameters

Inductance [H]:
|[1 332485 1.33248]

Capacitance [F):

[1.1327e9

I~ Plat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data (Hz):

JI1:1.0e5:4=6]

Flat type:l #r plane LI
Palameter:l 521 j
Format:l M agnitude [decibels] j

ok | cameat |

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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

See the LC Bandpass Pi block for an example of an LC filter.



LC Lowpass Tee

References

See Also

[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, L.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, L.C Highpass Tee, L.C
Lowpass Pi, Series RLC, Shunt RLC

5-85



Lowpass RF Filter

5-86

Purpose Standard lowpass RF filters in baseband-equivalent complex form
Librclry Mathematical
Description The Lowpass RF Filter block lets you design standard analog lowpass
filters, implemented in baseband-equivalent complex form. The
Rans following table describes the available design methods.
T B
-"_“\_H_‘,

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.




Lowpass RF Filter

Select the design of the filter from the Design method list in the dialog
box. For each design method, the block enables you to specify the filter
design parameters shown in the following table.

Design Method

Filter Design Parameters

Butterworth

Order, 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, chebiap, cheb2ap,
ellipap, and besselap.

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

—Lowpass RF Filter [mask] [link]

Design one of several standard lowpass filters, implemented in bazeband equivalent
complex form.

—Parameter

Design method: | Buttenaorth LI
Filker order:

]

Pazzband edge frequency [Hz):

1.99985

Finite impulze rezponze filter length:

J32

Center frequency [Hz):

J2ea

Sample time [=):
[1=6

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

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)

5-89



Microstrip Transmission Line

5-90

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 here in cross-section. Its physical characteristics include the
microstrip width (w), the microstrip thickness (¢), the substrate height
(d), and the relative permittivity constant ().

“ 4
3 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 calculates the frequency-dependent
S-parameters using the physical length of the transmission line, D, and
the complex propagation constant, .

§,=0
Sjg _ E—IED
kD
.5‘21 =g
859 =0

k = o, +iP where ®ais the attenuation coefficient and P is the wave
number. The attenuation coefficient ®« is related to the loss, o, by



Microstrip Transmission Line

=
o = -Ini0 *

where o is the reduction in signal strength, in dB, per unit length.
combines both conductor loss and dielectric loss and is derived from the
physical parameters specified in the Microstrip Transmission Line block
dialog box. The wave number P is related to the phase velocity, V,, by

2nf
P=5
r
where Vp = o et , and Zeff is the frequency dependent effective

dielectric constant. fis the vector of modeling frequencies determined
by the Output Port block. The phase velocity V, is also known as the
wave propagation velocity.

The Microstrip Transmission Line block normalizes the resulting
S-parameters to a reference impedance of 50 ohms.

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.
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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'rz

[ 0 [ 0

Z., is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as
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o B T > =

in

Il
[ o T o

L
DICI Iog E! Block Parameters: Microstrip Transmission Line

Box —Microstrip Transmiszion Line [mask] [link]

Maodel a microstip transmission line.

—Parameters

Strip width [m]:

|06e-3
Substrate height [m]:

|0535e-3
Stip thickness [m]:

|0.005e-3

Relative permittivity constant:

jag

Conductivity in conductor [S/m]:

fin

Loss tangent in dielectric:

jo

Transmission line length [m]:

jom

Stub mode:l Mat a stub
I~ Plat the selected parameters of thiz block

Source of frequency data:l Uzer-specified

Frequency data [Hz):

|81, 0e6:3e8]

Flat type:l # plane

F'alameter:l 521

Format:l Angle [degrees]

ak. I Cancel | ;

Strip width (m)
Width of the microstrip transmission line.
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References

See Also

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.

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

Loss tangent in 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.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

[1] Gupta, K.C., G. Ramesh, 1. 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 with phase noise
Mathematical

The Mixer block generates a complex baseband model of a mixer, with
phase noise whose spectrum is characterized by a 1/f slope. The level
of the spectrum is specified by the noise power contained in one hertz
bandwidth offset from the carrier by a certain 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 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. This
displays the following figure.

Check »

Input Signal
In

DF2T

¥

- MNoiss Souwe

Magnitude-Angle
o Complex

Moise Soume Digital Filter

You can view the construction of the Noise Source subsystem by
double-clicking it.
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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.

.
Dialog 20|
BOX —Miser (mazk] [link)

Complex bazeband model of mixer with phaze noize.

The phaze noise of thiz block characterized by a 1/f glope. The level of the spectum
iz zpecified by the noize power contained in a one hertz bandwidth offzet from the
carrier by a certain frequency.

—Parameter i:@
Conversion lozz [dB]:

jo

FPhaze noize level [dBc/Hz):

|-120

Frequency offzet [Hz]:

j100

Initial zeed:

|2137

Ok I LCancel | Help | Apply |

You can change parameters that are marked as tunable while the model
is running.

Conversion loss (dB)
Scalar specifying the conversion loss for the mixer. Tunable.

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

References [1] Kasdin, N.dJ., “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.

See Also Amplifier, Bandpass RF Filter, Bandstop RF Filter, Highpass RF Filter,
Lowpass RF Filter
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Pu rpose Connection block from RF physical blocks to Simulink environment
Libra ry 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
Port 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-15. 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

5-98



Output Port

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

1 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,, is given by

n-1
fn fmin+tSN n=1.,N
where
1
fmin:fc_g

S
2 Calculates the passband transfer function for the frequency range as

Vi.(f)

H =
" Vs(f)

where Vg and V; are the source and load voltages, and f represents

the modeling frequencies. More specifically,

Sgp *(1+T7)*(1-Ty)
2%(1- 899 *I7y)(1-Ty, *T)

H(f)=
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where
Zl +Zo
Fs — Zs _Zo
Z.+7Z

y Tr
Tin =S11 +[S12 *Sa1 *—(1_5,2; *rl)]

and

® Zis the source impedance.
e Z, is the load impedance.

* S, are the S-parameters of a two-port network.
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The passband transfer function is shown in the following figure.

Passhand Spectrum of o Modulated RF Carrier Specify these parameters in the Input Port dialog box:

Finite impulse response filter length = N
(enter frequency = fc
Sample time = ts

—>| fe— )

Magnitude

Index =n
i I Frequency
fmin fc fn fmax
| nl
[< >|
Index =1 1/t Index = N

3 Translates the passband transfer function to baseband as H(f - f ),
where f, is the specified center frequency.
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The baseband transfer function is shown in the following figure.

Baseband-Equivalent Spectrum

Magnitude

T

Centered at zero

Frequency

1/ I/Qts

1/t

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 figure below.
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_lul AlVAM
(1) =
In

AMFM

S

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

out

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.
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The following figure shows the original power data of an amplifier.

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

P,, [dBm]
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|

This figure shows the extracted AM/AM nonlinear conversion.

J untitled/General Amplifier 0] x|
File Edit View Insert Tools Desktop Window  Help L

heds &k «aama(E| 0 | a0

AM of Input

Dialog 2l

Box —Output Part [mask] (link)

Connection block from RF Blockset phyzical blocks to Simulink.

Alfter runhing a simulation, warious parameters of the RF sypsten that iz delimited by an
Input Port block and this Output Port block can be visualized.

—Parameter

Load impedance:

50

ok I LCancel Help Apply

Load impedance
Load impedance of the RF network described in the physical
model to which it connects.

5-105



Output Port

Plot the selected parameters of the RF system
This parameter and the associated plotting parameters shown
below become visible if you display the Output Port mask after
you run the model. For more information about plotting, see
Chapter 3, “Plotting Model Data”.

[=1Block Parameters: Output Pork x|
— Output Port [mask] [link]
Connection black from RF Blockset physical blocks to Simulink.

After running a simulation, warious parameters of the BF system that is delimited By an
Input Part block and this Output Paort block can be visualized.

— Parameter

Load impedance:
|E

¥ Flot the selected parameters of the RF spstem

Source of frequency data:l Derived from Input Port parameters LI
Flat type:l Compasite data LI
F‘arameter:l 511 LI
Format: I Mone LI
ok I Cancel Apply |

See Also Input Port
s2y (RF Toolbox)
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Purpose Model parallel-plate transmission line
Librclry Transmission Lines sublibrary of the Physical library
Description The Parallel-Plate Transmission Line block models the parallel-plate
transmission line described in the block dialog box in terms of its
® o frequency-dependent S-parameters. A parallel-plate transmission line
Farallel-Flate is shown here in cross-section. Its physical characteristics include the

plate width . and the plate separation 4.

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 calculates the
frequency-dependent S-parameters using the physical length of the
transmission line, D, and the complex propagation constant, k.

S, =0

S]Q _ e—kD
—kD

Sq, = ¢

k can be expressed in terms of the resistance (R), inductance (L),
conductance (G), and capacitance (C) per unit length (meters) as
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where
2
B =
wccmdﬁ
L= !.LG—T
o
£
G = Cgiag
C = EE

In these equations, “cend is the conductivity in the conductor and “diel is

the conductivity in the dielectric. " is the permeability of the dielectric,

£ is its permittivity, and skin depth & is calculated as 1/ fmfue ang, fis

the vector of modeling frequencies for the specified parameters. See the
Output Port block reference page for information about determining
the modeling frequencies.

The Parallel-Plate Transmission Line block normalizes the resulting
S-parameters to a reference impedance of 50 ohms.

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=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 in Ze'rz

[ 0 [ 0

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

o B T > =
1] 1]
(B T 5

L
DICI Iog [C1Block Parametets: Parallel-Plate Transmission Li |
— " o o
Box Parallel-Plate Tranzmizzion Line [maszk] [link]

Maodel a parallel-plate transmizsion line.

—Parameters
Flate width [m]:
|5e-3
Plate zeparation [m]:
[1e-3
Relative permeability constant:
1
Relative permittivity constant:

|23

Conductivity in conductor [S/m]:
fin

Conductivity in dielectric [S /m):

jo

Transmission line length [m]:

jom

Stub mode:l Mat a stub ;I

I~ Plat the selected parameters of thiz block

Source of frequency data:l Uzer-specified ;I

Frequency data [Hz):
|81, 0e6:3e8]

Flat type:l # plane j
F'alameter:l 521 LI
Format:l Angle [degrees] ;I

ak. I Cancel |

Apply |

Plate width (m)
Physical width of the parallel-plate transmission line.
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References

See Also

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 Hu.

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

Conductivity in dielectric (S/m)
Conductivity of the dielectric 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.

Note For information about plotting, 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, Transmission Line, Microstrip Transmission
Line, Two-Wire Transmission Line
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Purpose
Library
Description

RLCG
RLCG
Transmissian Line

5-112

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')

AN

<
Ns

N ———o— S »
N

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 a RLCG transmission line as a stubless line, the
RLCG Transmission Line block calculates the frequency-dependent

S-parameters using the physical length of the transmission line, D, and
the complex propagation constant, %.



RLCG Transmission Line

8, =0

512 _ e—kD
—-kD

Sy = e

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

E=Fk +jk; = JIR+ j2xfL)(G + j2rnfC)

The RLCG Transmission Line block normalizes the resulting
S-parameters to a reference impedance of 50 ohms.

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.

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

o T o o T o
Z:'n z:'n

[ 0 o 0

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

[C]Block Parameters: RLCG Transmission Line

—RLCG Tranzmiszion Line [mask] [link]

Model a RLCGI transmission line.

—Parameters

Resistance per length [ohms/m]:

jo
Inductance per length [H/m]::

jo
Capacitance per length [F/m:

jo

Conductance per length [S/m):

jo
Frequency [Hz]:

ES]

Interpolation method:l Linear

Tranzmission line length [m]):

joo

Stub mode:l Mot 3 stub
[ Plot the selected parameters of this block

Source of frequency data:l User-zpecified

Frequency data [Hz]:

J1ed:1.0e6:3e3]

Flat type:l #-1 plane

Palameter:l 521

Format:l Angle [degrees]

Ok I Cancel |

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.
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References

See Also
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Frequency (Hz)
Vector of frequency values at which the resistance, inductance,
capacitance, and conductance values are known.

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.

Note For information about plotting, 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, Parallel-Plate Transmission Line,
Transmission Line, Microstrip Transmission Line, Two-Wire
Transmission Line



S-Parameters Amplifier

Purpose
Library

Description

S-Paramaters
Amplifier

Model nonlinear amplifier using its 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, their frequencies, and the reference impedance of the
S-parameters. The block also takes into account the IP3 value and the
noise figure.

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-pammeters . _ —
array .\\ "__,—' ,..-'E:1 .—g'
- 12
PR
S11 | 512 22
-7 e
,a-"-'.. -
So1 | Ses .
fa_ Frequendes
fa
f

The S-Parameters Amplifier 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.

5-117



S-Parameters Amplifier

Dialog
Box
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C1Block Parameters: 5-Parameters Amplifier |

—S-Parameters Amplifier [maszk] (link]

Monlinear amplifier described by the frequency-dependent S-Parameters (224
array], the Frequency [vector of length M), and the Reference impedance [scalar or
vector of length k), g well az scalars IIP3/0IFP3 and noige figure. M iz the number of
frequencies.

D ata interpalation iz uzed during simulation.

—Parameters

S-Paramneters:
jro.:1.0
Frequency [Hz]:
|2.0ed

Reference impedance:
E

Interpolation method:l Linear

L] L

IF3 type: | DIP3

0IP3 [dEim):
fin

Moize figure [dB]:
jo
[~ Plot the selected parameters of this block

Source of frequency data:| Same as the Frequency parameter

Flat type:l #r plane

Parameter:l 521

Ll L L] L

Format:l M agnitude [decibels]

Ok I Cancel

Apply |

S-Parameters

S-parameters for a nonlinear amplifier 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.
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Examples

Reference impedance
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, that value is applied to all frequencies.

Interpolation method
Method used to interpolate the given S-parameters over the range
of frequencies. Interpolation can be Cubic, Linear (default), or
Spline.

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point).

ITP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select IIP3 as the IP3 type.

OIP3 (dBm)
Output power intercept point as a scalar value. This field becomes
visible if you select 0IP3 as the IP3 type.

Noise figure (dB)
Scalar ratio of the available signal-to-noise power ratio at the
input to the available signal-to-noise power ratio at the output,
((S,/N)I(S,/N,)).

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Plotting Parameters with the S-Parameters Amplifier Block

The following example specifies S-parameters [-.33+.71i, -.03i; 8.12-.02i,
-.37-.37i] and [0.16+.20i, -.03-.041; 7.71-8.04i, -.70-.12i] at frequencies
2.0 GHz and 2.1 GHz respectively, with a reference impedance of 50
ohms. It uses the MATLAB cat function to create the 2-by-2-by-2
S-parameters array.
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cat(3,[-.33+0.711, -.03i; 8.12-.02i, -.37-.37i],...
[ .16+0.20i, -.03-.04i; 7.71-8.04i, -.70-.12i])

[Z1Block Parameters: 5-Parameters Amplifier x|

—S-Parameters Amplifier [mask] [link]

Monlinear amplifier described by the frequency-dependent S-Parameters [2x2xhd array),
the Frequency [wector of length M), and the R eference impedance [zcalar or vector of
length M), as well a5 scalars IP3A01P3 and noise figure. M iz the number of frequencies.

D ata interpolation iz used during simulation.

—Parameters

S-Paramneters:
|cat[3,[-.33+D.?1 i, - 03 8.12-02, - 37- 370 16+0.200, - 03-.04i; 7.71-8.04i, - 70-121])

Frequency [Hz]:
l2.0e8, 2.19]

Reference impedance:
50

Interpolation method:l Linear

L] 1«

IF3 type: | OIP3

OIP3 [dEm):

Jin

Moize figure [dB]:

jo

¥ Plot the selected parameters of this block

Source of frequency data:l User-specified LI

Frequency data [Hz]:
J11.325:1.068:2.39]

Flot type: I -1 plane

=l
Parameter: I 511 ;I
=

Format: I Magnitude [decibels)

oK I Cancel

The plot parameters in the dialog box request an X-Y Plane plot of the
S11 parameters in the frequency range 1.8 to 2.3 GHz.
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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
g
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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S-Parameters
Mizer

Model mixer using its 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,
their frequencies, and the reference impedance of the S-parameters.
The block also takes phase noise into account.

The S21 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 modeling
frequencies are determined by the Output Port block. See Appendix A,
“RF Blockset Algorithms” for more details.

The RF Blockset computes the normalized reflected amplitude at the

mixer input ( E.; ) and at the mixer output ( E,5 ) from the interpolated
S-parameters as

Ep1(Fin) = S11Fin) Eit (fin) + S12(Fin ) Eio (fout)
ErZ(fout) = SZl (ﬂn )Ezl(fzn) + SZZ(ﬁn)EiZ(fout)

where

e f. and f,, arethe mixer input and output frequencies, respectively.

* E;; and E;; are the normalized incident amplitudes at the mixer
input and output, respectively.

The interpolated S21 parameter values describe the conversion gain as
a function of frequency, referred to the mixer input frequency.



S-Parameters Mixer

Dialog
Box

[Z1Block Parameters: 5-Parameters Mixer

number of frequencies.

—S-Parameters Mixer [mask] [link)

D ata interpolation i uged during simulation.

2-port mixer dezcribed by the frequency-dependent 5-Parameters (2424 array)]. the
Frequency [vectar of length M), and the Reference impedance (scalar or wectar of
length M), as well as scalars IIP3/01P3, Noise figure and Phase noise. M iz the

—Parameters

S-Parameters:

jin.oo
Frequency [Hz]:

2028

Reference impedance:

50

Interpolation method:l Linear

Type: I Downconverter

L0 frequency [Hz):

|0.5e9

IP3 type: | DIP3
0IP3 [dBm):

fin
Moize figure [dB]:

jo

Phase noise frequency offzet [Hz]:

101110 100]1e3

Phase noize level [dBc/Hz):

I[-?D -120-140 -160]

I~ Flat the selected parameters of thiz block

Source of frequency data:l Same as the Frequency parameter

Flat type:l #-1 plane

Palameter:l 521

Format:l M agnitude [decibels]

KA RN RI RN

o |

Cancel

Apply

S-Parameters

S-parameters for a nonlinear mixer in a 2-by-2-by-M array. M is
the number of S-parameters.
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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.

S-pamameters . _ —
array ..--"*' ..-"'F&:-i -"5'
. 12
e -
" S
S11 | S =2
I
!"" - L]
Sa1 | Sog i _—
_ Frequendes
2

f1

Reference impedance
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, that value is applied to all frequencies.

Interpolation method
Method used to interpolate the given S-parameters over the range
of frequencies. Interpolation can be Linear (default), Spline, or
Cubic.

Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

LO frequency (Hz)
Local oscillator frequency. If you choose Downconverter, the RF

Blockset computes the mixer output frequency, fout, from the

mixer input frequency, fin , and the local oscillator frequency, f|0,

as fnur = JTc:l'J': ~ 1. If you choose Upconverter, fnnr = JTc:l'r: + f!n.
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See Also

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

than f,. Otherwise, an error appears.

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point).

ITP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select IIP3 as the IP3 type.

OIP3 (dBm)
Output power intercept point as a scalar value. This field becomes
visible if you select 0IP3 as the IP3 type.

Noise figure (dB)
Scalar ratio of the available signal-to-noise power ratio at the
input to the available signal-to-noise power ratio at the output
(S;/NH/IS,/N,).

Phase noise frequency offset (Hz)
Vector specifying the frequency offset.

Phase noise level (dBc/Hz)
Vector specifying the phase noise level.

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

General Mixer, Output Port, Y-Parameters Mixer, Z-Parameters Mixer

5-125



S-Parameters Passive Network

Purpose
Library

Description
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Model passive network using its 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,
their frequencies, and the 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_ Frequendes
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.
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L
DIO |Og E! Block Parameters: S-Parameters Passive Neb LI
— 5 I if 1
Box 5-Parameters Passive Network [mask] [link)

Twio-port pazsive network described by the frequency-dependent S-Paraneters
[2x2ubd array). the Frequency [vectaor of length k], and the Reference impedance
[zcalar or vectar of length M), M is the number of frequencies.

D ata interpolation i uged during simulation.

—Parameters

S-Parameters:
jin.o.o
Frequency [Hz]:
|2.0e9

Reference impedance:
|50

Interpolation method:l Linear LI
I~ Flat the selected parameters of thiz block

Sowrce of frequency data:l Same as the Frequency parameter

Flat type:l #r plane

I~
I~
Palameter:l 521 ;I
I~

Format:l Magritude [decibelz]

] I Cancel | B

Apply |

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
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, that value is applied to all frequencies.
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Interpolation method
Method used to interpolate the given S-parameters over the range
of frequencies. Interpolation can be Cubic, Linear (default), or
Spline.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Plotting Parameters with the S-Parameters Passive Network
Block

The following example specifies S-parameters [-.96-.231, .03-.12i;
.03-.12i1, -.96-.23i] and [-.96-.11i, .02-.21i; .02-.21i, -.96-.11i] at
frequencies 2.0 GHz and 2.1 GHz respectively. It 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
statement produces the same result as the one shown above.

reshape([-.96-.23i;.03-.121;.03-.12i;-.96-.231;...
-.96-.111i;.02-.21i;.02-.21i;-.96-.111],2,2,2)
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E! Block Parameters: S-Parameters Passive Nebw |

—S-Parameters Passive Network [mask] [link]

Two-port passive network described by the frequency-dependent S-Parameters
[2u2uM array). the Frequency [vectar of length M), and the Reference impedance
[zcalar or vector of length k). b ig the number of frequencies.

D ata interpalation is used during simulation,

—Parameters

S-Paramneters:

|cat[3,[-. 96-.23, .02-12i; 02120, - 96- 23 [ 96-110, . 02-. 210 .02-. 210, - 96-11i])
Frequency [Hz]:

f[20e9, 2.19]

Reference impedance:
E

Interpolation methad: I Linear j

[# Plot the selected parameters of this block

Source of frequency data:l User-zpecified j

Frequency data [Hz]:
[1.9231.025:2.2¢9]

Plot type:l %7 plane ;I
Palameter:l 52 j
Format:l Magnitude [decibels] j

Ok I Cancel |

The plot parameters in the dialog box request an X-Y Plane plot of the
S21 S-parameter magnitudes, 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

Z0= 50
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16,5 | | | | | |
1.9 1.95 2 2.05 2.1 215 2.2 2.25
Freq [GHz]
See Also General Circuit Element, General Passive Network, Output Port,

Y-Parameters Passive Network, Z-Parameters Passive Network

interp1 (MATLAB)
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Purpose
Library

Description

=TI

Model series RLC network
Ladders Filters sublibrary of the Physical library

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

For the given resistance, inductance, and capacitance, the block first
calculates the ABCD-parameters at each frequency contained in the
vector of modeling frequencies, and then converts the ABCD-parameters
to S-parameters using the RF Toolbox abcd2s function. See the
Output Port block reference page for information about determining
the modeling frequencies.

For this circuit, A=1,B=7,C =0, and D = 1, where

_ —LCu +jRCuw+1

4 JCw

and @ = 2nf

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

R L C

e
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Dialog
Box
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E! Block Parameters: Series RLC |
—Senes BLC [mask] [link]

& senies combination of resistive (R), inductive (L), and capacitive [C] elements.

Thiz block can model & combination of any, all, or none of these three elements.
Elements will be included or excluded depending upon the specified parameter
walues.

Toexclude the resistive element, set the resistance value to 0 Ohme.
To exclude the inductive element, set the inductance value to 0 Herries.
To exclude the capacitive element, set the capacitance value to Inf Farads.

If all three elements are excluded. which is the default setting, the block will become
a direct connection from input to output and have no effect on the zignal.

—Parameters

Resistance [ohmz]:
jo
Inductance [H]:
jo
Capacitance [F):
Jinf
I~ Flat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data [Hz):

J[1:1.0e5:4=6]

Flat type:l # plane j
Parameter:l 52 ;I
Format:l Magnitude [decibels] j

Ok I Cancel |

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

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, L.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC
Lowpass Pi, LC Lowpass Tee, Shunt RLC
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Purpose
Library

Description
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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 + j(L/R)w+1

Y JLw

and w = Lwf.

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




Shunt RLC

Dialog
Box

E! Block Parameters: Shunt RLC

—Shunt BLC [mask] [link]

& shunt combination of resistive [R), inductive (L], and capacitive [C] elements.

Thiz block can model & combination of any, all, or none of these three elements.
Elements will be included or excluded depending upon the specified parameter
walues.

To exclude the resistive element, seb the resistance value ta Inf Ohms.
To exclude the inductive element, set the inductance value to Inf Henries.
To exclude the capacitive element, set the capacitance value to 0 Farads.

If all three elements are excluded. which is the default setting, the block will become
a direct connection from input to output and have no effect on the zignal.

—Parameters

Resistance [ohmz]:

Jinf

Inductance [H]:

Jinf

Capacitance [F):

jo

I~ Flat the selected parameters of thiz block

Source of frequency data:l U ger-gpecified ;I
Frequency data [Hz):

J[1:1.0e5:4=6]

Flat type:l # plane j
Parameter:l 52 ;I
Format:l Magnitude [decibels] j

Ok I Cancel |

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.

5-135



Shunt RLC

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

See Also General Passive Network, LC Bandpass Pi, LC Bandpass Tee, L.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC
Lowpass Pi, LC Lowpass Tee, Series RLC
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Transmission Line

Purpose

Library

Description

-

—

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 calculates the frequency-dependent S-parameters using the
physical length of the transmission line, D, and the complex propagation
constant, k.

511 =0
Sy = e-.w
kD
.5'21 =g
522 =0

k = o, +iP where @, is the attenuation coefficient and P is the wave
number. The attenuation coefficient @, is related to the loss, g, by

=
o, = -Ini0 *

and the wave number P is related to the phase velocity, V,, by

r
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5-138

where f is the vector of modeling frequencies determined by the Output
Port block. The phase velocity V, is also known as the wave propagation
velocity.

The Transmission Line block normalizes the resulting S-parameters to
a reference impedance of 50 ohms.

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

A=1
B=0
C=1/Z,
D=1



Transmission Line

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 4 Q Q 4 0
z:'n | Z:'n |

o sl o ]

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

for the series stub are calculated as

A=1
B=2Z,
O=10
D=1
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L
DIO |Og [C1Block Parametets: Transmission Line |
Box — Transmizsion Ling [maszk] [link)]

Model a transmission line.

—Parameters

Characteristic impedance;
|50

Phase velocity [m/s]:
| 235742458
Logz [dB/m):
jo

Frequency [Hz]:
iES]

Interpolation methad: I Linear j

Transmigsion line length [m):
jom

Stub mode:l Mot a stub LI

I~ Flat the selected parameters of thiz block

Sowrce of frequency data:l User-specified j

Frequency data [Hz):
J1ed:1.0e6:3e3]

Flat type:l #-1 plane ;I
Parameter:l 521 ;I
Format:l Angle [degrees] j

Ok I Cancel

Apply |

Characteristic impedance
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.
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References

See Also

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.

Note For information about plotting, 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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Purpose

Library

Description

5-142

Tuwo-Wlfire

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 parallel-plate transmission line
is shown here in cross-section. Its physical characteristics include the
radius of the wires a, and the distance between the wire centers D.

Wires

Diekedric

) D il
The block enables you to 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
Two-Wire Transmission Line block calculates the frequency-dependent
S-parameters using the physical length of the transmission line, D, and
the complex propagation constant, .

S;,=0

S]Q _ e—kD
kD

SEI = £

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



Two-Wire Transmission Line

k =k +jk; = JIR+ j22fL)(G + j2nfC)

T Oy g0

L = 2aco sh( Ej
T 2a
T el

acosh(D/ (2a7)

TE

" acosh(D/(2a 1)

In these equations, “cond is the conductivity in the conductor and “ dielis

the conductivity in the dielectric. " is the permeability of the dielectric,

£ is its permittivity, and skin depth & is calculated as 17 gnfue g, fis

the vector of modeling frequencies for the specified parameters. See the
Output Port block reference page for information about determining
the modeling frequencies.

The Two-Wire Transmission Line block normalizes the resulting
S-parameters to a reference impedance of 50 ohms.

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
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'rz

[ 0 [ 0

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

in

o B T > =
1] 1]
(B T 5

E! Block Parameters: Two-Wire Transmission Line

— Twowire Tranzmizzion Line [mask] [link]

Model a bwo-wire transmission line.

—Parameters

‘wire radius [m]:

|067e-3

‘Wwire separation [m]:

|1.62¢-3

Relative permeability constant:

1

Relative permittivity constant:

|23

Conductivity in conductor [S/m]:

fin
Conductivity in dielectric [S /m):

jo

Transmission line length [m]:

jom

Stub mode:l Mat a stub
I~ Plat the selected parameters of thiz block

Source of frequency data:l Uzer-specified

Frequency data [Hz):

|81, 0e6:3e8]

Flat type:l # plane

F'alameter:l 521

Format:l Angle [degrees]

ak. I Cancel | ;

Wire radius (m)
Radius of the conducting wires of the two-wire transmission line.
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References

See Also
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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 Hu.

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

Conductivity in dielectric (S/m)
Conductivity of the dielectric 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.

Note For information about plotting, 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, Transmission Line, Microstrip Transmission
Line, Parallel-Plate Transmission Line



Y-Parameters Amplifier

Purpose
Library

Description

Y-Pamameate s
Amplifier

Model nonlinear amplifier using its 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
Y-parameters and their frequencies. The block also takes into account
the IP3 value and the noise figure.

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 poramete s ) _ =
array \ ..-'#* ..-"‘I‘T-H 'T{E
Yy | Yo | Yoz
I s

Piai -

o1 | Yoo et

fa— Frequendes
fa
f1

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. The modeling frequencies are determined by the Output

Port block. See Appendix A, “RF Blockset Algorithms” for more details.
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L
DIO |Og [C1Block Parameters: ¥-Parameters Amplifier |
o " o
Box *r-Parameters Amplifier [mask] [link)

Monlinear amplifier deseribed by the frequency-dependent -Parameters (2244
array). the Frequency [vector of length ). as well a3 ecalarz [IP3/01P3 and noize
figure. M iz the number of frequencies.

D ata interpalation iz used during simulation.

—Farameters

‘r-Parameters:
|[D. 0200,0:-0.0400, 0.0200]

Frequency [Hz]:
|20e9

Interpolation method:l Linear

L] L

IF3 type: | DIP3

0IP3 [dEim):
fin

Moize figure [dB]:
jo

[ Plot the selected parameters of this block

Source of frequency data:| Same as the Frequency parameter

[~
Plat type:l AT plane j
F'alameter:l 521 ﬂ

I~

Format:l tagnitude [decibelz)

] I Cancel |

Y-Parameters
Y-parameters for a nonlinear amplifier 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
Method used to interpolate the S-parameters, as derived from the
Y-parameters, over the range of frequencies. Interpolation can be
Cubic, Linear (default), or Spline.
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Examples

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point).

ITP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select IIP3 as the IP3 type.

OIP3 (dBm)
Output power intercept point as a scalar value. This field becomes
visible if you select 0IP3 as the IP3 type.

Noise figure (dB)
Scalar ratio 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,).

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Plotting Parameters with the Y-Parameters Amplifier Block

The following example specifies Y-parameters [-.06+.58i, -.08i;
1.14-1.82i, -.07+.28i] and [.02-.21i, 0.03i; -.21+.72i, .03-.11i] 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+.58i, -.08i; 1.14-1.82i, -.07+.28i],...
[ .02-.21i, 0.03i; -.21+.72i, .03-.11i])
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[Z1Block Parameters: Y-Parameters Amplifier |

—7-Parameters Amplifier [mask] (link]

MNorlinear amplifier deseribed by the frequency-dependent -Farameters [2n2ukd
array). the Frequency [vector of length M), as well a3 scalars [IP3/01P3 and noize
figure. M iz the number of frequencies.

D ata interpolation iz uged during simulation.

—Parameters

‘-Parameters:

Ic:at[3,[-. 06+58, -.08i; 1.14-1.82i, -.07+.281[ .02-21i, 0.03; - 21+.72i, .03-111])
Frequency [Hz]:

J[2.063, 2.128]

Interpolation method: I Linear LI

IF3 type: | 1IP3 |
I1P3 [dEm)
fin

Moize figure [dB]:
jo

¥ Flat the selected parameters of thiz block

Source of frequency data:l User-specified LI

Frequency data [Hz):
1. 6251 088:2 3]

Plat type:l #3 plane ;I
Palameter:l 511 j
Format:l M agnitude [decibels] j

Ok I Cancel | 1

The plot parameters in the dialog box request an X-Y plane plot of the
S11 parameters in the frequency range 1.8 to 2.3 GHz.

Apply |
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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

2.5

-3.h

4.5

Magnitude (decibels)
i

1.8 1.9 2 21 2.2 2.3 2.4 2.5
Freq [GHz]

See Also General Amplifier, Output Port, S-Parameters Amplifier, Z-Parameters
Amplifier

y2s (RF Toolbox)
interp1 (MATLAB)

5-151



Y-Parameters Mixer

Purpose

Library

Description
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-Farameters
hlizer

Model mixer using its 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,
their frequencies, and the reference impedance of the Y-parameters.
The block also takes phase noise into account.

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. The modeling frequencies are determined by the Output
Port block. See Appendix A, “RF Blockset Algorithms” for more details.

The RF Blockset computes the normalized reflected amplitude at the

mixer input ( E.; ) and at the mixer output ( E,5 ) from the interpolated
S-parameters as

Ep1(Fin) = S11Fin) Eit (fin) + S12(Fin ) Eio (fout)
ErZ(fout) = SZl (ﬂn )Ezl(fzn) + SZZ(ﬁn)EiZ(fout)

where

e f. and f,, arethe mixer input and output frequencies, respectively.

* E;; and E;; are the normalized incident amplitudes at the mixer
input and output, respectively.

The interpolated S21 parameter values describe the conversion gain as
a function of frequency, referred to the mixer input frequency.



Y-Parameters Mixer

Dialog
Box

[C1Block Parameters: ¥-Parameters Mixer

—7-Parameters Mixer [mask] [link)

[ ata interpolation is used during simulation.

2-port mixer dezcribed by the frequency-dependent 'v-Parameters [2x2xh array], the
Frequency [vectar of length M), as well as scalars IP3/0IP3, Noize figure and Phaze
noize. M iz the number of frequencies.

—Parameters

‘-Parameters:

|[D. 0200,0;-0.0400, 0.0200]
Frequency [Hz]:

2028

Interpolation method:l Linear

Type: I Downconverter

LO frequency [Hz:

Ll L

[EEE]

IP3 type: | DIP3
0IP3 [dBm]:

Jin
Moise figure [dB]:

jo

FPhase noize frequency offzet [Hz):

101110 100]1e3
Phase noise level [dBc/Hz):

I[-?D -120-140 -150]

I~ Flat the selected parameters of thiz block

Source of frequency data:l Same as the Frequency parameter

Flat type:l # plane

F'alameter:l 521

Format:l tagnitude [decibelz]

o ]

Cancel |

Y-Parameters

Y-parameters for a nonlinear mixer 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.
The following figure shows the correspondence between the
Y-parameters array and the vector of frequencies.

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
Method used to interpolate the S-parameters, as derived from the
Y-parameters, over the range of frequencies. Interpolation can be
Linear (default), Spline, or Cubic.

Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

LO frequency (Hz)
Local oscillator frequency. If you choose Downconverter, the RF

Blockset computes the mixer output frequency, fout, from the

mixer input frequency, fin , and the local oscillator frequency, f|0,

as fnur = JTc:l'J': ~ 1. If you choose Upconverter, fnnr = JTc:l'r: + f!n.
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See Also

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

than f,. Otherwise, an error appears.

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point).

ITP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select IIP3 as the IP3 type.

OIP3 (dBm)
Output power intercept point as a scalar value. This field becomes
visible if you select 0IP3 as the IP3 type.

Noise figure (dB)
Scalar ratio of the available signal-to-noise power ratio at the
input to the available signal-to-noise power ratio at the output,
(S;/NH/IS,/N,).

Phase noise frequency offset (Hz)
Vector specifying the frequency offset.

Phase noise level (dBc/Hz)
Vector specifying the phase noise level.

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

General Mixer, Output Port, S-Parameters Mixer, Z-Parameters Mixer
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Purpose
Library

Description

5-156

Model passive network using its 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 s

- 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.



Y-Parameters Passive Network

Dialog
Box

E! Block Parameters: ¥-Parameters Passive Neki il

—7-Parameters Passive Network [mask] [link]

Two-port passive netwark described by the frequency-dependent v-Parameters
[242uM array). and the Frequency [vectar of length M), M iz the number of
frequencies.

D ata interpalation iz uzed during simulation.

—Parameters

‘-Parameters:

|[D. 0200,0;-0.0400, 0.0200]
Frequency [Hz]:

|2.029

Interpolation method:l Linear j
[~ Plot the selected parameters of this block

Sowrce of frequency data:l Same as the Frequency parameter

Flat type:l #r plane

Parameter:l 521

Farmat: I M agnitude [decibels]

ak, I Cancel |

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
Method used to interpolate the S-parameters, as derived from the
Y-parameters, over the range of frequencies. Interpolation can be
Cubic, Linear (default), or Spline.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.
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Examples Plotting Parameters with the Y-Parameters Passive Network
Block

The following example specifies Y-parameters [.231, -.12i; -.121, .23i]
and [.02-.13i, -.02+.25i; -.02+.251, .02-.13i] 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,[.23i,-.12i;-.121,.23i],...
[.02-.131,-.02+.25i;-.02+.251, .02-.13i])

E! Block Parameters: Y-Parameters Passive Neb ﬂ

—r-Parameters Passive Metwork [mask] [link]

Two-port pagsive network described by the frequency-dependent v'-Parameters
[2x24M array], and the Frequency [wectar of length M]. M iz the number of
frequencies.

[rata interpolation is uged during simulation.

“r-Parameters:
|cat[3,[.23i,-.1 2i- 120 230 [.02-13,.02+. 26i;-.02+.25i, .02-13i])

Frequency [Hz):
12,063, 2.128)

Interpolation method:l Linear LI
¥ Plot the selected parameters of this black

Source of frequency data:l Uszer-zpecified LI

Frequency data [Hz):
|[1.9e5:1.0e8: 2. 2¢9]

Plat type:l Palar plane LI
Parameter:l 51 |
Format:l Hane =l

QK I Cancel |

The plot parameters in the dialog box request a polar plane plot of the
S11 parameters in the frequency range 1.9 to 2.2 GHz.
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<) untitled;¥-Parameters Passive Network - |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= &0
90

! 3y

See Also General Circuit Element, General Passive Network, Output Port,
S-Parameters Passive Network, Z-Parameters Passive Network

y2s (RF Toolbox)
interp1 (MATLAB)
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Purpose

Library

Description

5-160

Z-Paramaters
Amplifier

Model nonlinear amplifier using its 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 and their frequencies. The block also takes into account
the IP3 value and the noise figure.

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-pommeters . _ —
aray N E#
\\ i - 414 12
#'_,
Zyy | Zyo Zo
I,
Zoy | Zgg et
fa— Frequendes
fa
f1

The Z-Parameters Amplifier block uses the RF Toolbox y2s 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.



Z-Parameters Amplifier

Dialog
Box

[Z1Block Parameters: Z-Parameters Amplifier |

—e-Parameters Amplifier [mask] (link]

Monlinear amplifier deseribed by the frequency-dependent Z-Parameters [2x244
array). the Frequency [vector of length ). as well a3 ecalarz [IP3/01P3 and noize
figure. M iz the number of frequencies.

D ata interpalation iz used during simulation.

—Farameters

Z-Parameters:
{150.0:100,50]

Frequency [Hz]:
|20e9

Interpolation method:l Linear

L] L

IF3 type: | DIP3

0IP3 [dEim):
fin

Moize figure [dB]:
jo

[ Plot the selected parameters of this block

Source of frequency data:| Same as the Frequency parameter

Plat type:l = plane

F'alameter:l 521

KN RAFIRAFEN

Format:l tagnitude [decibelz)

] 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.

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
Method used to interpolate the S-parameters, as derived from the
Z-parameters, over the range of frequencies. Interpolation can be
Cubic, Linear (default), or Spline.
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Examples
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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).

ITP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select IIP3 as the IP3 type.

OIP3 (dBm)
Output power intercept point as a scalar value. This field becomes
visible if you select 0IP3 as the IP3 type.

Noise figure (dB)
Scalar ratio 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,).

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.

Plotting Parameters with the Z-Parameters Amplifier Block

The following example specifies Z-parameters [12.60+3.80i, 3.77-0.17i;
80.02+54.68i, 26.02+3.84i] and [15.12+3.551, 4.14-0.92i; 92.10+23.671,
27.59+2.71i] at frequencies 2.0 GHz and 2.1 GHz respectively. It uses
the MATLAB cat function to create the 2-by-2-by-2 Z-parameters array.

cat(3,[12.60+3.80i, 3.77-0.17i; 80.02+54.68i, 26.02+3.841i],...

[15.12+3.55i, 4.14-0.92i; 92.10+23.67i, 27.59+2.71i])



Z-Parameters Amplifier

[ *]Block Parameters: Z-Parameters Amplifier

—&-Parameters Amplifier [mazk] [link]

Monlinear amplifier described by the frequency-dependent Z-Parameters [2:2xhd
array). the Frequency [vectar of length M), as well a3 scalars IP3/0IP3 and noize
figure. M iz the number of frequencies.

D ata interpolation iz uzed during simulation.

—Parameters

Z-Parameters:
|?i; 80.02+54. 681, 26.02+3 841, [15.12+3.55i, 4.14-0.92i; 32 10+23 671, 27.53+2.711])

Frequency [Hz]:
j[2.008, 2.123]

Interpolation method:l Linear

=
=

IP3 type: | 1IP3
1IP3 [dBm):

Jin
Maoize figure [dB):
jo
¥ Plot the selected parameters of this block

Source of freguency data:l User-zpecified LI

Frequency data [Hz]:
J[1.9251.08:2.269]

Flot type:l #-7 plane LI
Parameter:l 511 |

Farmat: I Magritude [decibelz] ;I

Ok I Cancel |

The plot parameters in the dialog box request an X-Y plane plot of the
S11 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= 50
2.8 T T T T T

Magnitude (decibels)

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)
interp1 (MATLAB)
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Purpose
Library

Description

Z-Farameters
Ml izt

Model mixer using its 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,
their frequencies, and the reference impedance of the Z-parameters.
The block also takes phase noise into account.

The Z-parameter values all refer to the mixer input frequency.

The Z-Parameters Mixer block uses the RF Toolbox y2s 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.

The RF Blockset computes the normalized reflected amplitude at the

mixer input ( E.; ) and at the mixer output ( E,5 ) from the interpolated
S-parameters as

Ep1(Fin) = S11Fin) Eit (fin) + S12(Fin) Eio (fout)
ErZ(fout) = SZl (ﬂn )Ezl(fzn) + SZZ(ﬁn)EiZ(fout)

where

e f. and f,, arethe mixer input and output frequencies, respectively.

* E;; and E;; are the normalized incident amplitudes at the mixer
input and output, respectively.

The interpolated S21 parameter values describe the conversion gain as
a function of frequency, referred to the mixer input frequency.
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L
DIO |Og [=]Block Parameters: 2-Parameters Miner |
| T [ 1
Box Z-Parameters Mixer [maszk] [link]

2-port mixer dezcribed by the frequency-dependent Z-Parameters [2x2:h array], the
Frequency [vectar of length M), as well as scalars IP3/0IP3, Noize figure and Phaze
noize. M iz the number of frequencies.

[ ata interpolation is used during simulation.

—Parameters

Z-Parameters:

{150,0:100,50]

Frequency [Hz]:
2028

Interpolation method:l Linear

Ll L

Type: I Downconverter
LO frequency [Hz:
[EEE]

IP3 type: | DIP3 =
OIF3 [dBm):

Jin

Moise figure [dB]:
jo

FPhase noize frequency offzet [Hz):
101110 100]1e3

Phase noise level [dBc/Hz):

|[-?D -120-140 -150]

I~ Flat the selected parameters of thiz block

Source of frequency data:l Same as the Frequency parameter

I~
Flat type:l # plane LI
I~
I~

F'alameter:l 521

Format:l tagnitude [decibelz]

oK I Cancel

Apply |

Z-Parameters
Z-parameters for a nonlinear mixer 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.
The following figure shows the correspondence between the
Z-parameters array and the vector of frequencies.

I-pamameters . — —
L .-__.-
Zyy | Zyo 1 Zee
R
Loy | Zao -t ‘
e fo__ Frequendies

f1

Interpolation method
Method used to interpolate the S-parameters, as derived from the
Z-parameters, over the range of frequencies. Interpolation can be
Linear (default), Spline, or Cubic.

Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

LO frequency (Hz)
Local oscillator frequency. If you choose Downconverter, the RF

Blockset computes the mixer output frequency, fout, from the

mixer input frequency, fin , and the local oscillator frequency, f|0,

as fnur = JTc:l'J': ~ 1. If you choose Upconverter, fnnr = JTc:l'r: + f!n.
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See Also

5-168

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

than f,. Otherwise, an error appears.

IP3 type
Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point).

ITP3 (dBm)
Input power intercept point as a scalar value. This field becomes
visible if you select IIP3 as the IP3 type.

OIP3 (dBm)
Output power intercept point as a scalar value. This field becomes
visible if you select 0IP3 as the IP3 type.

Noise figure (dB)
Scalar ratio of the available signal-to-noise power ratio at the
input to the available signal-to-noise power ratio at the output,
(S;/NJ/IS,/N,).

Phase noise frequency offset (Hz)
Vector specifying the frequency offset.

Phase noise level (dBc/Hz)
Vector specifying the phase noise level.

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

General Mixer, Output Port, S-Parameters Mixer, Y-Parameters Mixer
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Purpose
Library

Description

Model passive network using its 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 y2s
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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Dialog
Box

5-170

E! Block Parameters: 2-Parameters Passive Neki il

—z-Parameters Passive Network [mask] [link]

Two-port passive network described by the frequency-dependent Z-Parameters
[242uM array). and the Frequency [vectar of length M), M iz the number of
frequencies.

D ata interpalation iz uzed during simulation.

—Parameters

Z-Parameters:
J[50.0:100,50]
Frequency [Hz]:
|2.029

Interpolation method:l Linear j
[~ Plot the selected parameters of this block

Sowrce of frequency data:l Same as the Frequency parameter

Flat type:l #r plane

Parameter:l 521

Farmat: I M agnitude [decibels]

oK I Cancel

| 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
Method used to interpolate the S-parameters, as derived from the
Z-parameters, over the range of frequencies. Interpolation can be
Cubic, Linear (default), or Spline.

Note For information about plotting, see Chapter 3, “Plotting Model
Data”.




Z-Parameters Passive Network

Examples

Plotting Parameters with the Z-Parameters Passive Network

Block

The following example specifies Z-parameters [0.13 - 5.93i, .03-3.16i;
0.03-3.161, .13-5.93i] and [0.27-2.861, -.09-5.41i; -.09-5.41i, .27-2.86i] 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,[0.13-5.93i, .03-3.161i; 0.03-3.1

6i, .13-5.93i],...

[0.27-2.861i,-.09-5.411; -.09-5.41i, .27-2.86i])

E! Block Parameters: Z2-Parameters Passive Networ

—Z-Parameters Passive Metwork [mask] [link]

x|

Two-port pagsive network described by the frequency-dependent Z-Parameters [2x2xM array],
and the Frequency [vector of length M) M iz the number of frequencies.

[rata interpolation is uged during simulation.

=
F

Z-Parameters:

|cat[3,[D.1 36,93, .03-3.16i; 0.03-316i, 135,93 [0.27-2.860 -.03-5.41i; - 03-5.41i, . 27-2.861])

Frequency [Hz):

12,063, 2.128)

Interpolation method:l Linear -

¥ Plot the selected parameters of this black

Source of frequency data:l Uszer-zpecified LI

Frequency range [Hz):

|[1.9e5:1.0e8: 2. 2¢9]

Flat type:l #4 plane

5
Parameter: I 512 LI
5

Format:l Magnitude [decibels)

,TI Cancel | ............ ii elp ............ | Sy

The plot parameters in the dialog box request an X-Y plane plot of the
S12 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

Z0= 50
o)
2
]
=
o
=l
=
‘=
5
=
16,5 | | | | | |
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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RF Blockset Algorithms

Simulating an RF Model (p. A-2)

Determining the Modeling
Frequencies (p. A-3)

Mapping Network Parameters to
Modeling Frequencies (p. A-5)

Modeling Noise in an RF System
(p. A-7)

Creating a Complex
Baseband-Equivalent Model
(p. A-10)

Converting to and from Simulink
Signals (p. A-15)

Gives an overview of how the RF
Blockset simulates an RF model.

Describes how the RF Blockset
computes the modeling frequencies
of a physical system.

Describes how the RF Blockset
determines the values of the
S-parameters of the physical blocks
at the modeling frequencies.

Describes how the RF Blockset
models thermal noise in an RF
system.

Describes how the RF Blockset uses
the frequency-domain parameters
of the RF blocks to create a
baseband-equivalent model for
time-domain simulation.

Explains how the Input Port and
Output Port convert Simulink
signals to and from the RF Blockset
physical modeling environment
during a simulation.
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Simulating an RF Model

When you simulate a model that contains physical blocks, the RF Blockset
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 RF Blockset determines the block
parameter values at those frequencies and uses the information to create a
baseband-equivalent model for time-domain simulation in Simulink.



Determining the Modeling Frequencies

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 NN is the finite impulse response filter length. The
modeling frequencies are a function of the center frequency £, and the sample
time ¢,. The following figure shows the Input Port block parameters that
determine the modeling frequencies.

E: Block Parameters: Input Pork x|

—Input Paort [mask] [link)

Connection block from Simulink to BF Blockzet phyzical blocks.

The RF Blockset phyzical blocks uze a bazeband-equivalent modeling technigue. The
bandwidth modeled iz 145 ample time], centered on the specified Center frequency.
The Center frequency correspands ta 0 Hz in the baseband-equivalent madel. Finite
impulze rezponze [FIR] filkers are uzed to model the frequency dependent
characteriztice and look-up tables are uzed to model the nonlinear behaviors of RF
Blockset phyzsical blacks between this black and the Output Port block.

—Parameters

Finite impulze responze filker length: N

Center frequency [Hz): f(
f2e9

Sample time [z]: fs
f1e-7

Source impedance:
{50

v Add noise

Iritial zeed:
{57387

0k I Cancel Help Lpply
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f, is the nth element of the vector of modeling frequencies, f, and is given by

n-1
fn mein +tS_N n=1,...,N
where
1
fmin =fc_£

A4
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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, the RF Blockset 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 S11 parameters at original frequencies f;

through f£..
Interpolated S, parameter values
, ‘/47 Original S,, parameter values
f, f fy fs fy~—— Frequencies in ascending
order of magnitude
(fmin) (fmax)

The Interpolation 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 “One-Dimensional Interpolation”
and 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 £, , . The block uses the

min*
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parameter values at f,  _ for all modeling frequencies greater thanf, . 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.

A-6
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Modeling Noise in an RF System

The RF Blockset physical blocks model thermal noise. The Input Port block
parameters specify whether to include noise in a simulation. When you
include noise information in your model, the RF Blockset simulates the
thermal noise of the physical system. This section explains how the RF
Blockset simulates noise from user-specified information. For information on
how to add noise to an RF model, see “Modeling Thermal Noise” on page 2-22.

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, since you can compute each one
from any of the others.

For RF Blockset physical amplifier and mixer blocks, you can specify noise
using frequency-independent noise figure values. The General Amplifier
and General Mixer blocks also provide the option to specify noise as
frequency-dependent noise figure or as spot noise data.

For other RF blocks, such as transmission lines and filters, noise is only
generated by the resistors in the network. The RF Blockset calculates this
noise from basic resistor equations, so there are no noise parameters on the
block dialog boxes.

When you run the simulation, the RF Blockset first computes the noise figure

values at the modeling frequencies and then uses the noise figure information
to calculate the output noise power.

A-7



A RF Blockset Algorithms

A-8

This section contains the following topics:

e “Calculating Noise Figure at Modeling Frequencies” on page A-8

e “Calculating Output Noise Power” on page A-9

Calculating Noise Figure at Modeling Frequencies

To include noise information in a simulation, the RF Blockset must compute
the noise figure values at the modeling frequencies.

If you specify the noise figure value directly, or if the blockset computes the
noise figure value from the block resistance, the RF Blockset uses this value
for the noise figure value at each of the modeling frequencies.

If you specify spot noise data using a Touchstone or AMP data file, the RF
Blockset computes frequency-dependent noise figure information from the
data in the file. It takes the minimum noise figure, NF, . , equivalent noise
resistance, K, and optimal source admittance, Yopt, values in the file and
interpolates to find the values at the modeling frequencies. Then, it uses the
following equation to calculate the noise correlation matrix, C,.

NF_;, -1 .
Rn %_RnYopt
Cp =2kT NF 1 )
L_RnYopt Rn |Yopt|

2

In the above equation, k is Boltzmann’s constant and T is the noise
temperature in kelvin. The RF Blockset then calculates the noise factor, F,
from the noise correlation matrix as follows:

+
_1+_2%Caz
2kTRe{Zs}

s

In the two preceding equations, Zg is the nominal impedance, which is 50
ohms, and z* is the Hermitian conjugation of z.



Modeling Noise in an RF System

The RF Blockset obtains the noise figure, NF, from the noise factor:

NF =10log(F)

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 RF Blockset uses noise power to determine the amplitude of the noise
that it adds to the 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

Here, k is Boltzmann’s constant, which is 1.38e-23 J/K, T is the noise
temperature in kelvin and B is the bandwidth in hertz.

The RF Blockset computes noise temperature from the specified or calculated
noise figure values, and it computes the modeling bandwidth from the model’s

sample time and center frequency.

For more information, see the rfdata.noise and rfdata.nf reference pages.
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Creating a Complex Baseband-Equivalent Model

The RF Blockset simulates the physical system in the time domain using
a baseband-equivalent model that it creates from the frequency-domain
parameters of the physical blocks.

This section contains the following topics:

¢ “Baseband-Equivalent Modeling” on page A-10
e “Simulation Efficiency of a Complex Baseband-Equivalent Model” on page
A-13

Baseband-Equivalent Modeling

To create a complex baseband-equivalent model in the time domain based on
the network parameters of the physical system, the RF Blockset performs a
mathematical transformation that consists of the following three steps:

1 “Calculating the Passband Transfer Function” on page A-10
2 “Calculating the Baseband Transfer Function” on page A-12
3 “Calculating the Baseband-Equivalent Impulse Response” on page A-13

Calculating the Passband Transfer Function

The RF Blockset calculates the passband transfer function from the physical
block parameters at the modeling frequencies.

Note To learn how the RF 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.

The transfer function is defined as

VL (f)
H(f) = XL
" Vs(f)



Creating a Complex Baseband-Equivalent Model

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 B

More specifically,

Soq *(1+T7)*(1-T)

Hn= 2%(1-8g *I'y)(1-Ty, *T)

where

rl — Zl _ZO
ZZ+Z0

and

e Zis the source impedance.
® Z, is the load impedance.

. Sij are the S-parameters of a two-port network.
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The passband transfer function is shown in the following figure:

Passhand Spectrum of o Modulated RF Carrier Specify these parameters in the Input Port dialog box:

Finite impulse response filter length = N
Center frequency = fc
Sample time = ts

—>| le—— 1)

Magnitude

Index =n
i I Frequency
fmin fc fn fmax
|l »nl
[< >|
Index = 1 1/t Index = N

Calculating the Baseband Transfer Function

The RF Blockset calculates the baseband transfer function, Hpqgopand ()
by translating the passband transfer function to its equivalent baseband
transfer function:

Hyaseband () = Hpassband (f+1e)

where f, is the specified center frequency.

The resulting baseband-equivalent spectrum is centered at zero, so the
RF 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
Complex Baseband-Equivalent Model” on page A-13.
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The baseband transfer function is shown in the following figure:

Baseband-Equivalent Spectrum

Magnitude

T

Centered at zero

Frequency

1/ I/Qts

1/t

Calculating the Baseband-Equivalent Impulse Response

The RF Blockset calculates 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.

Simulation Efficiency of a Complex
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
tstep = T
max
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Using the baseband-equivalent model of the same system, whose spectrum
has been shifted down by f,, allows for a much larger time step of:

1 1
tt = =
e 2(fmax _fc) fmax _fmin
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Converting to and from Simulink Signals

When you simulate an RF model, the RF Blockset must convert the
mathematical Simulink signals to and from the RF Blockset physical modeling
environment. To perform this conversion, the RF Blockset interprets the
Simulink signal that enters the Input Port block, S, , as the voltage V across
the source impedance Zg. This process is shown in the following figure.

I;E? &—&|General Amplifier [&—s S':f;:m?:?ﬁ a—a| zeneral Amplifier |[&—& DPLI:'FI'_tUt
Input Port General Amplifier S-F‘arar!'uraterS General Amplifier] Output Port
Amplifier
Simulink s I + | + Simulink
signa > Y Vin RF System Parameters I v signa
Sin=Vs - Sout =V,
|
Input Port Block Tin Output Port Block

The RF Blockset interprets the output Simulink signal as the voltage V| over
the load impedance Z;. You specify the source and load impedances in the
Input Port and Output Port dialog boxes, respectively.

The RF Blockset interpretation of the input Simulink signal as the source

voltage, Vg, produces different results than the interpretation that the
input Simulink signal is the input voltage, V... When the source and load
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impedances are the same, the former interpretation produces 6 dB of loss
compared to the latter. You can see how this loss arises by analyzing the
equivalent circuit model for each interpretation when there are no blocks
between the Input Port and Output Port blocks.

The following figure shows the equivalent circuit model when the input

Simulink signal, S, , is taken to be the input voltage shown in the previous
diagram.

+ +

The load power is

p,-VL_Si
R R

In decibels, the load power is

S2
10log(Py, ) =10log| 2+
R (A-1)

The following figure shows the equivalent circuit model when the input
Simulink signal, S, , is taken to be the source voltage shown in the previous
diagram.

The load power is
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In decibels, the load power is

S? S?
10log(Py, ) =10log| =2 |=10log| —* [-6.02
4R R (A-2)

This load power is 6 dB less than the load power computed in Equation A-1.
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Examples

Use this list to find examples in the documentation.



B Examples

Examples

“Example — Modeling an LC Bandpass Filter” on page 1-12

“Example — Importing a Touchstone Data File into an RF Model” on
page 2-8

“Example — Importing a Bandstop Filter into an RF Model” on page 2-15
“Example — Plotting Component Data on a Z Smith Chart” on page 3-15
“Example — Creating and Modifying Subsystem Plots” on page 3-22
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