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1 Getting Started

Product Overview

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

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

In the Simulink model, you cascade the components to represent your RF

architecture and run the simulation. During the simulation, all blocks are
modeled using a time-domain, complex-baseband representation. This way
of modeling results in fast simulation of the quadrature modeling schemes

used in today’s communication systems and enables compatibility with other
Simulink blocks.

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

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

You can also use the blockset in conjunction withReal-Time Workshop®
software to automatically generate embeddable C code for real-time execution.



Required and Related Products

Required and Related Products

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

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

visualizing RF components.

¢ Signal Processing Toolbox™ — Provides MATLAB functions for filtering

wireless communication signals.

¢ Signal Processing Blockset™ — Provides Simulink blocks for time-domain

simulation of communication signals.

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

and Communications Blockset™,

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

the features of this product.

Product

Description

Communications Blockset

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

Communications Toolbox™

MATLAB functions for signal
modulation and demodulation.

Filter Design Toolbox™

MATLAB functions for filtering the
modulated communication signal.
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Product Demos

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

_iBix
File Edit “iew Go Favorites Deskbop Window  Help ]
Help Navigator Xl qm wp | =Y | ik

Search Far: I ’l GUI TitIe:IRF Demaos

Example: "plot bools" OR plok* tools

bl

CDntents' Indexl Search Results Demos |

RF pemos
- @ Getting Started with Dermos
ﬂ MATLAS RF Blockset™ extends Simulink® with & library of blocks to model the behavior of radio
ﬂ Toolboxes freguency (RF) fiters transmission lines, amplifiers, and mixers. & helps you implement
H Sirulink commercial and defense wirgless communication systems and their semiconductors. You

validate your wworking model in Simulink, and then use the model as an executable specification —
for RF circuit design using third-party EDA tools, After circuit design, you can uze RF Blockset to
W Aerospace read industry-standard system-level modelz and verify that the design meets specification.

B Communications
1™ Gauges To design and analyze RF components in MATLABE, see also RF Toolbox™ . RF Toolbox iz ane

of the product requirements of RF Blockset.

Elﬁ Blocksets

® Signal Processing Product page at mathworks.com (£
B “ideo and Image Processing
-5 Links and Targets

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

F Multiple Realizations of Cascaded Filters  [l] Model

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

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

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




Product Demos

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

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

1-6

In this section...

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

“Mathematical Library” on page 1-9

Overview of RF Blockset™ Libraries

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

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

rflib

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.

[SlLibrary: rflib¥1 =10f ]

File Edit Wiew Format Help

% @ =27 o]

Mathermatical Physical Dermos Info

RF Blockset Library 2.2
Copyright 2003-2008 The MathWarks, Inc,




RF Blockset™ Libraries

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

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

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

¢ Double-click the Info icon to open the RF Blockset documentation.

Physical Library

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

E!Librarv: rfphysmodels1 - |EI|5|

File Edit Wew Faormat Help

‘Bl ' ‘ =
T I =
| E—Jd
Ladder Series/Thunt  Transmission
Filters RLC Lines
Sn Sﬂ D
S:J. Sz:
Black Box armplifiers Mixers
Elements

3

Input/Cutput
Ports

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

Description

Amplifiers

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

Ladder Filters

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

Series/Shunt RLC

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

Mixers

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

Transmission Lines

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




RF Blockset™ Libraries

Sublibrary Description

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

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

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

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

Mathematical Library

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

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

The mathematical library is shown in the following figure.

[FILibrary: rfmathmodel : 10l x|

File Edit Wiew Format Help

Mathematical

i

Amplifier Mizer

i e
[ S iy
T i

Bandpass RF Filter  Bandstap RF Filter

TR || T
[ S S B
LR I -

Lowvwpass RF Filter Highpass RF Filter
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Product Workflow

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

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

2 Define component data by

¢ Specifying network parameters, mathematical relationships, or physical
properties

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

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

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

3 Where applicable, add the following information to the component

definition:

¢ Operating condition values (see “Specifying Operating Conditions” on
page 2-24).

® Nonlinearity data (see “Modeling Nonlinearity” on page 2-26).
* Noise data (see “Modeling Noise” on page 2-29).

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.
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5 Run the simulation.

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

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

The following plots and charts are available:
® Rectangular plots

® Polar plots

® Smith® Charts

® Composite plots

* Budget plots

1-12
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Example — Modeling an LC Bandpass Filter

In this section...

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

“Specifying Model Parameters” on page 1-16

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

“Analyzing the Simulation Results” on page 1-24

Overview of LC Bandpass Filter Example

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

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

e 700 MHz — Center of the filter

® 600 MHz — Lower edge of the filter passband

¢ 900 MHz — Outside the filter passband

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

Selecting Blocks to Represent System Components

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

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

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

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

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

three-tone source signal.

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

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

Output Port Establishes parameters that are common to all
blocks in the RF filter subsystem. These parameters
include the load impedance of the subsystem, which
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 model.

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

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

1-14
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Block Library Path Quantity

Sine Wave Signal Processing Blockset > Signal | 1
Processing Sources

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

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

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

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

Output Port RF Blockset > Physical 1

> Input/Output Ports

3 Connect the blocks as shown in the following figure.

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

File Edit Wiew Simulation Format Tools Help

=10l ]

lJ—LIDSP
iy

¥

Column
Sum

ﬁ%%j

Sine Wave

Ready

hd atriz
Sum

Fart

w| Input Output
Tl Pott
FFT

Input Port LC Bandpass Pi

FFT

Spectrum
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Output Port Spectrum
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[100%,

|odeds 4
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Now you are ready to specify block parameters.

Specifying Model Parameters

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

® “Input Signal Parameters” on page 1-16
o “Filter Subsystem Parameters” on page 1-18

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

The RF Blockset algorithm requires you to shift the frequencies of the input
signal. The software simulates the filter subsystem using a complex-baseband
modeling technique, which automatically shifts the filter response 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-13.

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

The center frequency of the 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:
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Amplitude = 1e-6

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

Output complexity = Complex
Sample time = 1/500e6

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

Lel Lef |«

Cornputation methnd:l Trigonarmetric fon

Sample time:
|1/500e5

Samples per frame;
126

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

Cancel | Help |
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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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® (lear the Add noise check box so the software will not include noise in
the simulation. To learn how to model noise, see “Modeling Noise” on
page 2-29.

[Z1Block Parameters: Input Pork x|

— Inpuk Port

Connection black Fram Simulink to RF Blockset physical blacks,

The RF Elockset physical blocks use a baseband-equivalent modeling kechnique. The
bandwidth modeled is 1){Sample time), centered on the specified Center Frequency.
The Center frequency corresponds ko 0 Hz in the baseband-equivalent model,

Finite impulse response (FIR) filkers are used ko model the Frequency dependent
characteristics and look-up kables are used to model the nonlinear behaviors of RFE
Blockset phyysical blocks between this block and the Qutput Part Block.

Optional quard bands can be specified as a fraction of the modeling bandwidth, The
quards bands are implemented by applving a Tukey window to the Frequency
response. Modeling delay may be added tao improve the response of the FIR Filkers,

—Paramekers

Finite impulse response filker length: I 123

Fractional bandwidth of guard bands: ID

Modeling delay (samples): ID
Center frequency (Hz): I?DDEE
Sample time (s); I 1/500e6
Source impedance (ohms); ISD
[ Add noise

Initial seed: |e73a7

[al'4 I Cancel | Help | Appliy

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.

1-19



1 Getting Started

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|

’7LC Bandpaszz Pi

todel an LC bandpass pi network,

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

QK I Cancel Help Apply

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

E Block Parameters: Dutput Pork x|

Output Part

Connection block from RF Blockset phpgical blocks to Simulink.

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

b ain Yizualization I

Load impedance [ohmz]: |5EI

0k I Cancel Help Apply
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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 tab, Frequency range = [ -Fs/2...Fs/2]

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

* Axis Properties tab, Maximum Y-limit = -100

¢ Display Properties tab, Scope position =

get(0, 'defaultfigureposition').*[.15 1 1 1]

2 Set the Spectrum Scopel block parameters as follows:

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

* Axis Properties tab, Minimum Y-limit = -160

* Axis Properties tab, Maximum Y-limit = -105

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

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

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

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

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

<} doc_physfilter /LC Bandpass Pi 10| =l
File Edit VYiew Insert Tools Desktop ‘Window Help a
DS K RAMe|$ | 0E 7O

=50

1

Magnitude (decibels)

35 | | | i i | |
5 : : :
Freg [Hz] « 10°

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 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.

The Spectrum Scope blocks display the signals at the shifted
(baseband-equivalent) frequencies, and not at the selected passband
frequencies. You can relabel the x-axes of the Spectrum Scope windows to
display the passband signal by entering the Center frequency parameter
value of 7006 (from the Input Port block) for the Display DC as parameter
in the Axis Properties pane of the Spectrum Scope blocks. For more
information on complex-baseband modeling, see “Creating a Complex
Baseband-Equivalent Model” on page A-13.

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

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

Power (inwatts)=[ Amplitude(involts/ sqr‘zf(ohm))]2

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

/— Display block name

) doc_physfilter /Spectrum Scope _|EI|5|
File #&xes Channels ‘Window Help L

=100

N~— -101 dB

-110
o 20
—
-
o
i
=
3 -130
i
]
=
=
&
= -14

-150

-160

-0.2 -0 15 -0 -0.05 0] 005 01 015 0z 025
Frame: 2211 Frequensy (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
; -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-33.

Plotting Model Parameters of the Filter Subsystem

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

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

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

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

2 Select the Visualization tab, and click Plot.

The composite plot, shown in the following figure, contains four separate
plots in one figure. For the Output Port block, the composite plot shows the
following as a function of frequency (counterclockwise from the upper-left
plot):

® An X-Y plane plot of the magnitude of the filter gain, S,,, in decibels.

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

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

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

Note In this example, the response of the filter subsystem is the same as the
response of the filter block because the subsystem contains only a filter block.
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Modeling RF Components (p. 2-2)

Specifying or Importing Component
Data (p. 2-7)

Specifying Operating Conditions
(p. 2-24)

Modeling Nonlinearity (p. 2-26)

Modeling Noise (p. 2-29)

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 set and retrieve
operating condition values.

Explains how to specify amplifier
and mixer nonlinearity in a physical
system

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

2-2

In this section...

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

“Connecting Model Blocks” on page 2-3

Adding RF Blocks to a Model

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

This section contains the following topics:

¢ “Input Signal Requirements” on page 2-2
e “How to Add RF Blocks to a Model” on page 2-3

Input Signal Requirements

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

o All Physical blocks
® Mathematical Amplifier and Mixer blocks

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

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

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

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

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

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

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

Connecting Model Blocks

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

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

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

This section contains the following topics:

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

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

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

hlizer

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

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

Connecting Physical Blocks

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

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

Microstrip

The lines you draw between the physical modeling blocks, called connection
lines, represent physical connections among the block components. Connection
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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 blockset provides the Input Port and Output Port blocks to connect
the physical and mathematical parts of the model. These blocks convert
mathematical signals to and from the physical modeling environment.

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

Mathematical, or Simulink style, ports

Input Physical Modeling Ports Sutput |
Part Fort

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

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

Input

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

Input Portl Cutput Port

¥

Transmission Line

Center Frequency: 6500MHz
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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
Scope blocks are from Signal Processing Blockset library.

For information on how RF Blockset software converts mathematical signals
to and from the physical modeling environment, see “Converting to and from
Simulink® Signals” on page A-33.



Specifying or Importing Component Data

Specifying or Importing Component Data

In this section...

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

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

“Importing Circuits from the MATLAB Workspace” on page 2-16
“Example — Importing a Bandstop Filter into an RF Model” on page 2-17

Specifying Parameter Values
There are two ways to set block parameter values:

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

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

Supported File Types for Importing Data
The blockset also lets you import the following types of data files:

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

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

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

2-7
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The P2D file format lets you import system-level verification models of
amplifiers and mixers.

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

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

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

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

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

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

Importing Data Files into RF Blocks

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

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

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

Blocks Used to Import Data

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

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

Description

Supported Format(s)

General Mixer

Generic mixer

Touchstone, AMP, P2D,
S2D

General Passive
Network

Generic passive
component

Touchstone

How to Import Data Files

To import a data file:

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

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

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

that contains the block.

3 Click and drag the block into your Simulink model.

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

button to find the file.

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

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

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

—General Amplifier

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

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

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

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

i INoiseData I Monlinearity Data | Visualization I Operating Conditions |

Data source: I Diata file: ;I

Data file: Idefault amp Browse Specify the file name
or use the Browse

RFDATA object: Iread[rfdata data, ‘default amp'] button to find the file

Intespolatian method:l Linear |

ok I Cancel | Help | Apply |

The following section shows an example of this procedure.

Example — Importing a Touchstone® Data File into
an RF Model

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

You use a model from one of the RF Blockset demos to perform the following
tasks:

* “Importing Data into a General Passive Network Block” on page 2-11

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

® “Running the Simulation and Analyzing the Results” on page 2-15
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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 - H\Documents' Work' passive.s I ]
File Edit Text Go Cell Tools Debug Deskkop » N | A X
O =

Option Line

P RB o |5 M -] 20 ]
—# Hz 3 DE R 50 -
! S-Parameters data
! FREQ dh311 ang3ll db321 ang3Zil dhb3
F15074.664 -32.010394 S1.245846 -0.025574
3305906.814 -31.591401 81.414291 -0.030716
347534.511 -31.172839 81.595851 -0.034711
364997.732 -30.760176 81.829922 -0.0259644
383338.459 -30.327674 82.009124 -0.0259974
4026500.788 -29.907735 82.225833 -0.035568
422831.028 -29.488195 82.366016 -0.035152
444077.814 -29.0643599 B82.418274 —D.03514iJ:J
3

Kl I

| plain tezt file ln 5 ol 3 [OVR

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.
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For more information about the Touchstone
specification, including the option line, see
http://www.vhdl.org/pub/ibis/connector/touchstone_spec11.pdf.

2 At the MATLAB prompt, type

sparam_filter

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

E!sparam_filter

File Edit WYiew Simulation Format Tools Help

=10l x|

Touchstone Data File for 2-Port Passive Network

ke

Input General Output

White Noise

Ready

Part P aszive Network Part

¥
¥

Compute
Transfer TF
. Freq Resp
ouT  Function Freq

General

Input Port P assive Network

Output Port

Center Frequency: 1GHz

Transfer Function Wectar scope

Info

100%
| |

[ |FixedstepDiscrate

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

The Data source parameter is set to RFDATA object, so the RFDATA
object parameter specifies the data file to import. The RFDATA object
parameter is set to read(rfdata.data, 'passive.s2p
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.

2-12
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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 2-11.

1 Open the General Passive Network block dialog box, select the
Visualization tab, and click Plot.
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This action creates a plot of S;; 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,, versus Frequency for the Imported Data

2 Open the General Passive Network block dialog box, and select the
Visualization tab. Set the Y Parameterl parameter to S21, and click
Plot.
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The block adds the S,; 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)
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.

o

fa]

a5 |
Freq [GHz]

S,, and S,, 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 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. This is
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
=
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-25

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

Transfer Function of General Passive Network Subsystem

Note The transfer function differs from S,; because of 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-33.

¢ 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
blockset works with RF Toolbox software to let you include additional circuit
topologies in an RF model. To model circuit topologies that contain other
types of connections, you must define a circuit in the MATLAB workspace and
import it into an RF model.

To import a circuit from the MATLAB workspace:
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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
documentation for “RF Circuit Objects”.

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

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

This procedure is illustrated by example in the following section.

Example — Importing a Bandstop Filter into an RF
Model

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

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

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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2-18

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:

e “Creating Circuit Objects in the MATLAB® Workspace” on page 2-18
¢ “Building the Model” on page 2-19

® “Specifying and Importing Component Data” on page 2-20

® “Running the Simulation and Plotting the Results” on page 2-22

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 2-17, and use functions from RF Toolbox software to create
RF circuit objects that model the filter components.

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

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:

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

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

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

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

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

Building the Model

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

1 Create a new model.

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

Block Library Quantity
Random Source Signal Processing 1
Blockset > Signal Processing
Sources
Input Port RF Blockset > Physical 1
> Input/Output Ports
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Block Library Quantity
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.

E!untitled b

File Edit VYiew Simulation Format Tools Help

=0l x|

DEES| B2 (2 r 5o jomd fHEBESy wEB T &

Input Genaml Geneml Geneml Geneml Cutput I@
- i i s i -
= Pon Giruit Elermant Giruit Element Gimuit Element Gimuit Elernant Port =
FFT
Randam
Genarml Genarzl Genarl Generml Spectrum

Soume Input Fart Gimuit Element] Gimuit Elemeng Gimult Element Givul Elemenid CUEVERR T e

Ready [100% |odeds Y

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.




Specifying or Importing Component Data

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 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:

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

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

¢ In the Axis Properties tab, 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 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: _ O x|
File Axes Channels Window Help ]
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=
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Frame: 173 Frequency (MHz)

Frequency Response of Bandstop Filter

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

References

Geffe, P.R., “Novel designs for elliptic bandstop filters,” RF Design, February
1999.
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Agilent® P2D and S2D files contain simulation results at one or more
operating conditions. Operating conditions define the independent parameter
settings that are used when creating the file data. The specified conditions
differ from file to file.

When you import component data from a .p2d or .s2d file into a General
Amplifier or General Mixer block, the block contains parameter values for
several operating conditions. The available conditions depend on the data in
the file. By default, the blockset defines the object behavior using the property
values that correspond to the operating conditions that appear first in the file.
To use other property values, you must select a different operating condition
in the block dialog box.

If the block contains data at multiple operating conditions, the Operating
Conditions tab contains two columns. The Conditions column shows the
available conditions, and the Values column contains a drop-down list of the
available values for the corresponding condition.



Specifying Operating Conditions

[Z1Block Parameters: General Amplifier x|

— General Amplifier

Monlinear amplifier described by a data source that consists of either an RFDATA
object or data from a file. Data interpolation iz used during simulation.

Wwhen there is no noise data in the data source, use the Moise Data tab to specify
amplifier noize infarmatian,

‘wihen there iz no nonlinearity data in the data source, uge the Norlinearity Data tab
to specify amplifier nonlinearity information.

‘wihen the data source contains operating condition information, use the Dperating
Conditions tab to select operating condition settings for the zsimulation.

M ait | Maize Data | Manlinearity D ata | ‘isualization | i0perating Eondition":

Conditions: alues:

Lists of available

Available Biasl |18 =l
conditions . values for each
Biasll 53 i condition

ak. I Cancel | Help | Apply |

Example Block Dialog Box Showing Operating Conditions

To specify the operating condition values for a simulation:

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

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

operating condition value.

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

In this section...

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

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

Amplifier and Mixer Nonlinearity Specifications
You define nonlinearity for the physical amplifier and mixer blocks through

one of the following specifications:

* Power data, consisting of output power as a function of input power,

imported into the block.

¢ Third-order intercept data, with or without one or more power parameters,
in the block dialog box. The power parameters are gain compression power

(defined as the ratio of output power to input power at small input power)

and output saturation power.

The following table summarizes the nonlinearity specification options for each

type of physical amplifier and mixer block.

Block

Nonlinearity Specification

General Amplifier

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

OR

Third-order intercept data, with
or without one or more power
parameters, in the block dialog box.

S-Parameters Amplifier
Y-Parameters Amplifier

Z-Parameters Amplifier

Third-order intercept data, with
or without one or more power
parameters, in the block dialog box.
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Block

Nonlinearity Specification

General Mixer

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

OR

Third-order intercept data, with
or without one or more power
parameters, in the block dialog box.

S-Parameters Mixer
Y-Parameters Mixer

Z-Parameters Mixer

Third-order intercept data, with
or without one or more power
parameters, in the block dialog box.

Adding Nonlinearity to Your System

To simulate the nonlinearity of an amplifier or mixer, you specify or import

nonlinearity data into the block.

The method you use to add nonlinearity data to a block depends on whether
you are specifying the data manually or importing the data into a block.
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The following table provides instructions for adding nonlinearity data.

Nonlinearity Specification

Instructions

1P3

In the Nonlinearity Data tab of the block
dialog box, set the IP3 type parameter to
IIP3 or 0IP3, and enter the input third-order
intercept value in the IP3 (dBm) parameter.

IP3 with power parameters

Specify the input third-order intercept
value using the procedure described in the
preceding row of the table. Then, enter the
gain compression power in the 1 dB gain
compression power (dBm) parameter
and, optionally, the saturation power in
the Qutput saturation power (dBm)
parameter.

Note If you do not specify the 1 dB gain
compression power, the block ignores the
output saturation power specification.

Power data (from a file)

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

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

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



Modeling Noise

Modeling Noise

In this section...

“Amplifier and Mixer Noise Specifications” on page 2-29
“Adding Noise to Your System” on page 2-30

“Plotting Noise” on page 2-33

Amplifier and Mixer Noise Specifications
You only need to specify noise information for the physical amplifier and mixer

b
b

locks that generate noise other than resistor noise. For the other blocks, the
lockset calculates the noise automatically based on the resistor values.

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

Spot noise data in the data source.
Spot noise data in the block dialog box.
Spot noise data ( .noise ) object in the block dialog box.

Frequency-independent noise figure, noise factor, or noise temperature
value in the block dialog box.

Frequency-dependent noise figure data (rfdata.nf) object in the block
dialog box.

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

Noise Specification

General Amplifier

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

OR

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

S-Parameters Amplifier
Y-Parameters Amplifier

Z-Parameters Amplifier

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

General Mixer

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

OR

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

S-Parameters Mixer
Y-Parameters Mixer

Z-Parameters Mixer

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

Adding Noise to Your System

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

® “Specifying or Importing Noise Data” on page 2-30

¢ “Adding Noise to the Simulation” on page 2-33

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

Noise Specification

Instructions

Frequency-independent noise figure

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

Frequency-dependent noise figure

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

Noise factor

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

Noise temperature

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

Spot noise data (in a block dialog
box)

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

Instructions

Spot noise data (from a data object)

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

Spot noise data (from a file)

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

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

data manually in the block dialog box.




Modeling Noise

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 |

— Inpuk Port

Connection black Fram Simulink ko RF Blockset physical blocks.,

The RF Elockset physical blocks use a baseband-equivalent modeling technique. The
bandwidth modeled is 1/{Sample time), centered on the specified Center Frequency.
The Center frequency corresponds ko 0 Hz in the baseband-equivalent model,

Finite impulse response (FIR) filkers are used to model the frequency dependent
characteristics and look-up tables are used ko model the nonlinear behaviars of RF
Blockset phyysical blocks between this block and the Qutput Port block.,

Optional quard bands can be specified as a fraction of the modeling bandwidth, The
guards bands are implemented by applyving a Tukey window to the freguency
response, Modeling delay may be added bo improve the response of the FIR filkers,

—Parameters

Finite impulse response Filker length: I 128

Fractional bandwidth of quard bands: ID

Modeling delay (samples): ID
Center Frequency (Hz): |239
Sample time (s I 18-7
Source impedance (ohrms): ISD Select this PheCk bQX to
. take the noise data in
¥ add noise the physical blocks into
Initial sead: |6?93? account. This check box

is selected by default.

| Apply

o4 I Zancel

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

Plotting Noise

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

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

For example, suppose you have the following model that contains a multitone
test signal source.

F1noise_amplitude_ex o [ 4]
File Edit View Simulation Format Help
DS $B2d| 2 |2 r sho |ue - HEDeH mEBE®

Center freguency: 2. 1GHz

The baseband-equivalent
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When you simulate this model, Simulink® brings up several windows showing
the input and output for the physical subsystem. The Input - Frequency

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

) noise_amplitude_ex/Input - Frequency Do = |EI|1|
File Axes Channels Window Help u
4]
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o
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@
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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
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0.05
@
=l
= 0
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£
<
-0.05
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-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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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
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The amplitude of the signal is large compared to the amplitude of the noise,
so the noise is not visible in the Real Part of Output - Time Domain window
that shows the real part of the time-domain output signal. Therefore, you
must attenuate the amplitude of the input signal to display the noise of the
time-domain output signal.

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

File Axes Channels Window Help
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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]
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Ovutput Signal Spectrum for Attenuated Input
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You can now view the noise RF Blockset blocks add to your signal in the Real
Part of Output - Time Domain window.

<) noise_amplitude_ex/Real Part of Output - Time Domail - |EI|1|
File Axes Channels Window Help u
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Plotting Model Data

Creating Plots (p. 3-2)

Updating Plots (p. 3-27)

Modifying Plots (p. 3-28)

Example — Creating and Modifying
Subsystem Plots (p. 3-31)

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

In this section...

“Available Data for Plotting” on page 3-2

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

“Plot Formats” on page 3-4

“How to Create a Plot” on page 3-14

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

Available Data for Plotting

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

¢ Large- and small-signal S-parameters

Noise figure

Output third-order intercept point

Power data

Phase noise

Voltage standing-wave ratio

Note When you plot information about a physical block, the blockset plots
the actual frequency response of the block, as specified in the block dialog box.
The blockset does not plot the frequency response of the complex-baseband
model that it uses to simulate the block, in which the frequency response is
centered at zero. For more information on how the blockset simulates physical
blocks, see Appendix A, “RF Blockset™ Algorithms”.




Creating Plots

Using Plots to Validate Individual Blocks and
Subsystems

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

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

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

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

Types of Plots

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

Plot Type Plot Contents
X-Y Plane Parameters as a function of frequency, input power,
(Rectangular) Plot or operating condition, such as

e S-parameters

® Noise figure (NF)

¢ Voltage standing-wave ratio (VSWR)

¢ Qutput third-order intercept point (OIP3)
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Plot Type

Plot Contents

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
3-10.

Polar Plane Plot

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

Smith® Chart

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

Composite Plot

Multiple plots and charts in one figure.

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

Plot Formats

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

Source of frequency data:

Frequency data [Hz):

ISame az the s-parameters frequency ;I

|1-9e51 0ef: 2 Zed]

Reference impedance [ohma): |5IJ

Flat type:

' parameter];
' parameterd;
¥ parameter:

¥ zcale:

IX-Y plane

l
IFreq vI
ILinear vl

;I Plot format of first
* format]: |Magnitude [decibels) = | dependent variable

T t2: +| — Plot format of second
e I —I dependent variable

Kfomat  [Hz | Plot format of
5 aoale: |Linear | independent variable

Flat |

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

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

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

* “Composite Data” on page 3-6

e “X-Y Plane” on page 3-8

¢ “Link Budget” on page 3-10

e “Polar Plane Plots and Smith Charts” on page 3-12



3 Plotting Model Data

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 formats—they are set automatically.
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The combination of plots differs based on the type of block and the specified
block data. The following table describes the contents of the composite data
plot for each specification. The Plot Contents column lists the types of plots
as they appear on the composite plot, counterclockwise and starting in the
upper-left corner. The blockset plots all data as a function of frequency.

Block Specified Data Plot Contents
General Network parameters ¢ X-Y plot, magnitude of S,
Amér)liﬁer1 OR and S,, in decibels
or Genera
Mixer Network parameters and * XY plot, phase of 5, and 8,
. in degrees
noise
e 7 Smith Chart, real and
imaginary parts of S;; and S,,
¢ Polar plot, magnitude and
phase of S;; and S,
Network parameters and ¢ X-Y plot, magnitude of S,
power and S,, in decibels
OR ® X-Y plot, output power (P )
. in dBm (decibels referenced
Network parameters, noise, e
to one milliwatt)
and power
e 7 Smith Chart, real and
imaginary parts of S;; and S,,
¢ Polar plot, magnitude and
phase of S;; and S,,
Other Network parameters ¢ X-Y plot, magnitude of S,
Physical OR and S,, in decibels
block

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

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

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

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

¢ Polar plot, magnitude and
phase of S;; and S,
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X-Y Plane

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

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

Note LS11,LS512,L521, and LS22 are large-signal S-parameters. You can plot
these parameters as a function of input power or as a function of frequency.

Y Parameter Y Format

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

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

only) Real
Y Imaginary
NF Magnitude (decibels)

Magnitude (linear)
0IP3 (Amplifier and Mixer blocks dBm

only) dBwW
w
mw
VSWRIn, VSWROut Magnitude (decibels)

Magnitude (linear)

Pout (General Amplifier and General | dBm
Mixer blocks with power data only) | dBW

W

mW
Phase (General Amplifier and Angle (degrees)
General Mixer blocks with power Angle (radians)

data only)
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Y Parameter

Y Format

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

Magnitude (decibels)
Magnitude (linear)

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

Angle (degrees)
Angle (radians)

PhaseNoise (Mixer blocks only)

dBc/Hz

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

Magnitude (decibels)
Magnitude (linear)

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

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

Real

Imaginary

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

None

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

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

parameters in the preceding table.

Y Parameter

X Parameter

Pout, Phase, LS11, LS12, LS21, LS22 | Pin
Fr‘eq

S11, S12, S21, S22, NF, 0IP3, VSWRIN, | Freq

VSWROut, GAMMAIn, GAMMAOut, FMIN,

GAMMAOPT, RN

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

X Parameter X Format

Pin dBm
dBW
w

mw

Freq THz

GHz

MHz

KHz

Hz

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

AM Magnitude (dB)
Magnitude (linear)

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

Link Budget

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

The link budget plot is a three-dimensional plot that shows one or more curves

of parameter values as a function of frequency, ordered by the subsystem
circuit index.
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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.

Input Port (cl‘l’]'(‘i‘ep)?llel]ﬁ)

Component
(Index = 2)

Component
(Index = n)

Output Port

A curve on the link budget plot for each circuit index represents the

contributions to the parameter value of the RF components up to that index.

The following figure shows an example of a link budget plot.

) cascaded_system/Output Port3

Filg Edit View Insert Tools Desktop ‘Wwindow Help

ol

¥

DEEE| Ky RO (L 0E = O

0=50

e
i)

[}
=]}

[}

Contributions to S21

from components

1,2,and 3

Contributions to S21

o

521 [Magnitude (decibels)]
S

from components

1and 2

2275 -
24

Freq [GHz]

2

Index of the circuit

Example — Link Budget Plot

Contributions to S21

from component 1
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3 Plotting Model Data

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

Y Parameter Y Format

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

Real

Imaginary

VSWRIn, VSWROut Magnitude (decibels)
Magnitude (linear)

0IP3 dBm
dBw
w

mwW

NF Magnitude (decibels)
Magnitude (linear)

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

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

Polar Plane Plots and Smith Charts

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

as the available Y parameters.

Plot Type

Y Parameter

Polar plane

S11, §12, S21, S22

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

Z Smith chart

S11, S22

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

Y Smith chart

S11, S22

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

ZY Smith chart

S11, S22

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

By default, the X parameter is Freq. The format of the X parameter specifies
the units of the x-axis. When you import block data from a .p2d or .s2d file,
you can also plot Y parameters as a function of any operating condition from
the file that has numeric values, such as bias. You can specify an operating
condition as the X parameter only when validating individual blocks, and

the format is always None.
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How to Create a Plot

1 Double-click the block to open the block dialog box, and select the
Visualization tab. The following figure shows the contents of the tab.

Source of frequency data: |E:-:trau:teu:| from data source ;I
Frequency data [Hz): |[1 291282 9e5]
Source of input power data: |E:-:trau:teu:| from data source ;l

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

Reference impedance [ohms]: |5EI

Flat type: |><-Y' plane j
' parameter]: 511 | % format]: |Magnitude [decibelz) j
' parameters: Iﬁ ¥ farmats: | j
¥ parameter: Im * farmat: |Hz j
' scale: Im X zcale: |Linear j
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2 Select the Source of frequency data.

Source of frequency data: |Er:tracted frorm data source j
Frequency data [Hz]: I['I e9:1e8:2.9:9]

Saurce of input power data: |E>:lrac:ted fram data source ;I
Input power data (dBm): I[D:'I 9]

Reference impedance [ohms): IEEI

Flat type: |><-Y plane j

" parameter]; 511 | Y formatl; IMagnitude [decibelz] ;I

' parameters: Iﬁ " format: | ;I

¥, parameter: m * farmat; |Hz j

' soale: m % soale: ILinear ;I

Pliat |

Select the source
of frequencies

at which to plot
block data

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

the various types of blocks.
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Source of Description Blocks
frequency

data

User-specified| Vector of frequencies that you All physical blocks

enter.

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

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

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

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

data

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

parameters parameters. For information

(Available on how the blockset computes

after running
a simulation
or clicking
the Update
Diagram

button & )

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

Same as the
S-parameters
frequency

Frequency values specified
in the Frequency block
parameter.

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

Same as the
y-parameters
frequency

Frequency values specified
in the Frequency block
parameter.

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

Same as the
z-parameters

Frequency values specified
in the Frequency block

Z-Parameters
Passive Network,

frequency parameter. Z-Parameters
Amplifier,
Z-Parameters Mixer
Extracted Frequency values imported General Passive
from data into the Data file or RFDATA | Network, General
source object block parameter. Amplifier, and

General Mixer
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3 Enter the Reference impedance.

Source of frequency data; IEHllaCtEd from data zource

Frequency data [Hz): I['I &3 1e8:2 9e9]

Source of input power data: |E>:tracted fram data source

Input power data [dBm]: I[D:1 9]

Reference impedance [ohms): |5EI

Flot tppe: IX-Y plare

Y parameter]: |S11 "I ¥ formatl

' paramekers: I vl ¥ farmat2:

¥ parameter: IFleq VI # format:

Y scale: Linear | ¥ ecale:

: IMagnitude [decibels] j

||

IHz

|

|Linear

=

Flot |

Enter the
reference
impedance

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

parameters.

4 Select the Plot type.

Source of frequency data: IEHtlaCtEd from data zource

Frequency data [Hz]: |['| &3 1e8:2 9e9]

Source of input power data; IEHtlaCtEd from data source

Input pinver data [dBm): |[EI:1 9]

Reference impedance [ohmsz]: |5IJ

Flat type: IX-Y plane
Y parameterl: 51 | farmati

' parameters; I vl " format:

¥ parameter: IFleq vl # format:
T zcales ILinear vl K pcale:

||

: |Magnitude [decibels) j

||

|H2

=

|Linear

|

Plot |

—— Select the

plot type

This value 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 following parameters:
¢ Y Parameterl — The first parameter for the Y-axis.
¢ Y Parameter2 — The second parameter for the Y-axis (optional).

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

Source of frequency data: |E:-:trac:ted from data zource ll
Frequency data [Hz]: |[1 29 1ed: 2 e8]
Source of input power data: |E:-:trac:ted fram data source LI

|nput power data [dBm): I[EI:'I 9]

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

plot parameter Flot tppe: |><-“( plahe LI
. ' parameter]: |511 vl Y format]:  |Magnitude [decibels] -

Optionally, select I —I

the second Y-axis—— ¥ parameter2: I vl Y format2: | LI

plot parameter ,_ * parameter: IFreq vl # farmat; |H2 ll
' zcale; ILineal v| * zcale; |Linear ;I

Flok |

These parameters specify the data to be plotted. The available choices vary
with the type of plot. For a description of the options for a particular plot
type, see the topic on that plot type in “Plot Formats” on page 3-4.

Select the X-axis
plot parameter
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6 If you select a large-signal parameter for one or more y-axis parameters,

select the Source of power data.

Note Large-signal parameters are available only for General Amplifier or
General Mixer blocks that contain power data.

Source of frequency data: IEHllaCtEd fram data zource ;I
Frequency data [Hz): |[‘| 3 1ed:2 9:9]

Source of input power data; IEHllaCtEd from data zource ;I
Input power data [dBm]: I[D:1 9]

Reference impedance [ohmz): |5EI

Flat type: IX-Y plare ;I

¥ parameter]: m ' format: dBm -

' paramekers: Iﬁ 7 format: Iﬁ

¥ parameter: Pir - # format: dBm -

T zcale: ILinear vl X scales

ILinear - I

Flot |

Select the source
of input power
values at which
to plot block data

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



Creating Plots

Source of frequency data

Description

Extracted from data source

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

User-specified

Vector of power values that you
enter.

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

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

7 Select the following formats:

* Y Formatl — The format for the first Y parameter.

* Y Format2 — The format for the second Y parameter (optional).

®* X Format — The format for the X parameter.

Source of frequency data; |E>:trau:ted from data zource ;I
Frequency data [Hz]: I['I 29 1ed: 2 9e4)
Source of input power data: |E>:lrac:ted from data saurce j
Input power data [dBm): I[D:'I 9] Select the format
Feference impedance [ohms]: |5EI for'Y parameter1
Flat tppe: |><-Y plane j
" parameter]; Im " formatl: IMagnitude [decibelz] ;I Optionally, select
Y parameter2: Iﬁ ' format2: | j the format for
¥, parameter: Im * farmat; |H2 ;I Y parameter2
" soale: Im ot scale: ILinear ;I

Select the format

Plot for X parameter
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These are the X and Y formats for plotting the selected parameter. The
available choices vary based on the selected parameter. For a description
of the options for a particular plot type, see the topic on that plot type in
“Plot Formats” on page 3-4.

8 Select the X Scale and Y Scale.

Source of frequency data: IEHtracted from data source j
Frequency data [Hz): |[‘| 29 1e8:2.9:24]
Source of input power data: IEH[IaCtEd fram data source ;I

Input power data [dBm): |[D:'| 9]

Reference impedance [ohmsz): |5E|

Plat type: IX-Y plarne ;I

Y parameter]; IS'H vl v formatl: |Magnitude[decibe|s];|
' parameters: I VI " format: I ;I

¥ parameter; Freq | ¥ farmat |Hz j

Select the —— ¥ scale: ILineal VI 4 scale: ILineal ;I

Y-axis scale

Select the
X-axis scale

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

9 Click Plot.

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

Example — Plotting Component Data on a Z Smith®
Chart

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

3-22



Creating Plots

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”.

[T1sparam_amp =l x|

File Edit VYiew Simulation Format Tools Help

Data File for Amplifier

| Open default.s2p | | Open default.amp |
Input
| Open default.s2d | | Open default.p2d |
Input . Output Qutput IM
- Genearal Amplifier -
f f Spectrum
Wihite Haise P
Input Part Sl Ao Output Part
Canter Frequency: 2.1GHz
Infa
Ready 100% [ [FixedStepDiscrete v

3-23



3 Plotting Model Data

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

[Z1Block Parameters: General Amplifier x|

— General Amplifier

Manlinear amplifier described by a data source that consists of either an RFDATA object
or data from & file. D ata interpolation iz used during simulaticn.

Wihen there is no noise data in the data source, use the Moise D ata tab to specify
amplifier noize information.

when there iz ho nonlinearity data in the data source, use the Monlinearity Data tab to
zpecify amplifier nonlinearity information.

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

b airy | Moize Data I Monlinearity Data Wigualization I Operating Conditions I
Data source: IData file LI
D ata file: Idefault. z2d Browse ... |
RFDATA object: Iread[rfdata.data, ‘default.amp’)
Interpolation methad: ILinear ﬂ

] I Caticel | Help | Aoply |

As shown in the preceding figure, the Data source parameter is set to
Data fileand the Data file parameter is set to default.s2d. These
values tell the blockset to import data from the file default.s2d. The block
uses this data, along with the other block parameters, in simulation.
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3 Select the Visualization tab and set the General Amplifier block
parameters as follows:

¢ In the Plot type list, select Z Smith chart.
¢ In the Y Parameterl list, select S22.

[Z1Block Parameters: General Amplifier x|

— General Amplifier

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

“‘when there is no noize data in the data source, use the Moise Data tab to specify
amplifier noize information.

when there iz no nonlinearity data in the data source, use the Monlinearity Data tab to
specify amplifier nonlinearity information.

when the data zource containg operating condition infarmation, uze the Operating
Conditions tab to select operating condition settings for the: zimulation.

tain Moize Data I Monlinearity Data isualization Operating Conditions

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

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

Reference impedance [ohms): IED

Flot type: |Z Smith chart LI

' parameter]: 522 - ' formatl: IW
't parameter?: lﬁ ' format2: Iﬁ
* parameter: m * format: m
' soale: m # soale: Im

Plat |

Ok I Cancel Help | Apply |

4 Click Plot.
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This action creates a Z Smith Chart of the S,, parameters using the
frequency data from the default.s2d file.

-} untitled/General Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

D& h|aams @ 0B 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 blockset continues to display any open plots,
but does not update the plots to reflect new simulation results. You must
update the subsystem plots after the simulation to display the behavior of
the revised subsystem.

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

To update an existing plot:

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

[=]Block Parameters: Dutput Pork x|

Output Port:

Connection block from RF Blockset phyzsical blocks to Simulink.

After running a simulation, various parameters of the RF spstem that iz delimited by an
Irput Part Black and thiz Output Part black can be visualized.

Main  Yisualization I

Source of frequency data: IDerived from Input Port parameters LI

Frequency data [Hz): |1 e9:1e8:3e9

Fieference impedance [ohms): |5EI
Flat type: IComposite data j

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

* parameter; Freq -  format: Hz -

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

ak. I Cancel | Help | Apply |

Example Block Dialog Box Showing Visualization Tab

2 Click Plot.
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Modifying Plots

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

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

Block Parameter

Plot Change

Source of frequency
data

OR
Frequency data (Hz)

Redraws plot using the new frequency data.

Source of power data
OR

Input power data
(dBm)

Redraws plot using the new power data.

Plot type

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

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

Y Parameterl
OR

Y Parameter2

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

Y Formatl
OR
Y Format2

Redraws plot using the new format.




Modifying Plots

Block Parameter

Plot Change

X Parameter

Redraws plot using the new independent

variable.
X Format Redraws plot using the new format.
X Scale Redraws plot using the new scale.
Y Scale Redraws plot using the new scale.
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To modify a plot:

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

E! Block Parameters: General Amplifier x|

— General Amplifier

Monlinear amplifier described by a data source that consists of either an RFDATA
object or data from a file. Data interpolation iz uszed dunng simulation.

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

“when there iz no nonlinearity data in the data source, use the Monlinearity Data tab to
specify amplifier nonlinearity infarmation.

"when the data zource containg operating condition information, uze the Operating
Conditions tab to select operating condition settings for the: simulation,

tain Moize Data I MNonlinearity D ata Visualization Operating Conditions

Source of frequency data: IExtracted from data source LI
Frequency data [Hz): |[1 e 182 9:9]
Source of input power data: IExtracted from data source ;I

Input pawer data [dBm]: I[D:1 9]
Reference impedance [ohme]: IED
Flot type: |><-Y plane ;I
‘' parameterl: SN - ' formatl: IW
' parameters: Iﬁ ' formatz: Iﬁ
* parameter: lm # format: Im
' soale: lm W scale: m

Plat |

Ok I Cancel | Help | Apply |

Example Block Dialog Box Showing Plot Parameters

2 Change the plot options.

3 Click Plot.
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Example — Creating and Modifying Subsystem Plots

In this section...

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

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

Plotting the Network Parameters of a Subsystem

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

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

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

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

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

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

¢ In the Plot type list, select X-Y plane.
¢ In the Y Parameterl list, select S21.

E! Block Parameters: Output Pork |

Output Port:

Connection block from RF Blockset physical blocks to Simulink.

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

Main  Yisualization I

Source of frequency data: IDerived from Input Port parameters ﬂ

Frequency data [Hz): |1 ed1e8:3e9

Reference impedance [ohms): |5E|

Flot type: IX-Y plane LI
' parameter: Im Y format: lm
' parameterZ: Iﬁ ' format2: lﬁ
* parameter: m *, format: Hz -
Y soale: Im X scale: Im

Plot |

0K I Cancel | Help | Apply |

5 Click Plot.
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This action plots the magnitude of S,; (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 =580

Magnitude (decibels)

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

S,, versus Frequency for a Physical Subsystem

Adding Data to an Existing Plot

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

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

2 Select the Visualization tab and change the value of Y Parameterl to
S22.
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[=]Block Parameters: Dutput Pork x|

Output Port:

Connection block from RF Blockset phyzsical blocks to Simulink.

After running a simulation, various parameters of the RF spstem that iz delimited by an
Irput Part Black and thiz Output Part black can be visualized.

Main  Yisualization I

Source of frequency data: IDerived from Input Port parameters LI
Frequency data [Hz): |1 e9:1e8:3e9

Fieference impedance [ohms): |5EI

Flat type: IX-Y plane j

Y parameter: |S22 l Y format: IMagnitude [decibelz] vl
F

-
Y parameters: - Y formatz: lﬁ
* parameter; Iﬂ  format: Hz -

Y zcale: lm ¥ zcale: lm

ak. I Cancel | Help | Apply |

3 Click Plot.

This action adds S,, to the plot.
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~) 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 H
185 18 195 2 2058 21 215 22 225 23 235
Freg [GHz]

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

Changing Data on an Existing Plot

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

1 Double-click the Output Port block to open the block dialog box.
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3 Plotting Model Data

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

As the figure shows, the value of Y Parameterl remains as S,,, the last
parameter selected for the previous plot.

E! Block Parameters: Output Pork |

Output Port:

Connection block from RF Blockset physical blocks to Simulink.

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

Main  Yisualization I

Source of frequency data: IDerived from Input Port parameters ﬂ
Frequency data [Hz): |1 ed1e8:3e9
Reference impedance [ohms): |5E|

Flot type: IF'DIar plane LI
' parameter: Im Y format: lm
' parameterZ: Iﬁ ' format2: lﬁ
* parameter: m *, format: Hz -

Y soale: Im X scale: Im

Plot |

0K I Cancel | Help | Apply |

3 Click Plot.
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This action creates a Polar plane plot of S,, 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

S,, versus Frequency for a Physical Subsystem

4 In the Output Port block dialog box, change the Plot type to Composite
data to generate four plots in one figure. The parameters for the plots
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3 Plotting Model Data

are defined by the block, so the Y Parameterl, Y Parameter2, and X
Parameter fields becomes invisible.

E! Block Parameters: Output Pork |

Output Port:

Connection block from RF Blockset physical blocks to Simulink.

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

Main  Yisualization I

Source of frequency data: IDerived from Input Port parameters j
Frequency data [Hz): |1 e9:1e8:3e9
Reference impedance [ohms): ISD

Flot type: IEomposite data LI

' parameter: Im Y format: lm
‘' parameterZ: lﬁ ' format2: lﬁ
¥ parameter: Iﬁ * farmat: Hz -

Y scale: m # scale: lm

Plot |

0K I Cancel | Help | Apply |

5 Click Plot.
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Example — Creating and Modifying Subsystem Plots

This action creates a composite plot.

) sparam_amp,/Output Port =1of x|
a

File Edit Wew Insert Tools Desktop Window Help

DeEE K aame ©( 08| =0

X-Y Plot,
Magnitude of & Polar Plot
S$12 (blue) S11 (blue)

S21 (green) S22 (green)

Magnitude (decibels)
o

20 _/_\—\\
-40 : : :
18 2 22 24 2B
e, Foafota
Z Smith Chart
$12 (blue) 100 S11 (blue)
S21 (green) S22 (green)

18 2 22 2.4 2B
Freg [GHz]

Composite Plot for a Physical Subsystem
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Block Reference

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

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



4 Biock Reference

4-2

Mathematical

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

Mixer

Complex baseband model of
amplifier with noise

Standard bandpass RF filters in
baseband-equivalent complex form

Standard bandstop RF filters in
baseband-equivalent complex form

Standard highpass RF filters in
baseband-equivalent complex form

Standard lowpass RF filters in
baseband-equivalent complex form

Complex baseband model of mixer
and local oscillator with phase noise



Physical

Physical

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

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

Ladder Filters

LC Bandpass Pi
LC Bandpass Tee
LC Bandstop Pi
LC Bandstop Tee
LC Highpass Pi
LC Highpass Tee
LC Lowpass Pi
LC Lowpass Tee

Series/Shunt RLC

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

Ladder filter blocks

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

Mixer blocks

Connector blocks

Model LC bandpass pi network
Model LC bandpass tee network
Model L.C 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 capacitor
Model series inductor
Model series resistor
Model series RLC network
Model shunt capacitor

Model shunt inductor
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4 Biock Reference

Shunt R
Shunt RLC

Transmission Lines

Coaxial Transmission Line

Coplanar Waveguide Transmission
Line

Microstrip Transmission Line

Parallel-Plate Transmission Line

RLCG Transmission Line
Transmission Line

Two-Wire Transmission Line

Black Box Elements

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

Z-Parameters Passive Network

Model shunt resistor
Model shunt RLC network

Model coaxial transmission line

Model coplanar waveguide
transmission line

Model microstrip transmission line

Model parallel-plate transmission
line

Model RLCG transmission line
Model general transmission line

Model two-wire transmission line

Model two-port network described
by rfckt object

Model two-port passive network
described by rfdata object

Model passive network using
S-parameters

Model passive network using
Y-parameters

Model passive network using
Z-parameters



Physical

Amplifiers

General Amplifier
S-Parameters Amplifier
Y-Parameters Amplifier

Z-Parameters Amplifier

Mixers

General Mixer
S-Parameters Mixer
Y-Parameters Mixer

Z-Parameters Mixer

Input/Output Ports

Connection Port

Input Port

Output Port

Model nonlinear amplifier described
by rfdata object or file data

Model nonlinear amplifier using
S-parameters

Model nonlinear amplifier using
Y-parameters

Model nonlinear amplifier using
Z-parameters

Model mixer and local oscillator
described by rfdata object

Model mixer and local oscillator
using S-parameters

Model mixer and local oscillator
using Y-parameters

Model mixer and local oscillator
using Z-parameters

Connection port for RF subsystem

Connection block from Simulink®
environment to RF physical blocks

Connection block from RF physical
blocks to Simulink environment
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Amplifier

Purpose
Library

Description

{> ,

Complex baseband model of amplifier with noise
Mathematical
The Amplifier block generates a complex baseband model of an amplifier

with thermal noise. It provides six methods for modeling nonlinearity
and three ways to specify noise.

Note This block assumes a nominal impedance of 1 ohm.

Modeling Nonlinearity
Use the Method parameter in the block dialog box to specify the

method for modeling amplifier nonlinearity. The options for the
Method parameter are

® |inear

® Cubic polynomial

Hyperbolic tangent
® Saleh model

Ghorbani model

® Rapp model

The linear method is implemented by a Gain block. The other nonlinear
methods are implemented by subsystems underneath the block’s mask.
Each subsystem has the same basic structure, as shown in the following
figure.



Amplifier

AMPM

=
£ »‘ (1)
Ciut

Application of Nonlinearity

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

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

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

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

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

AM/AM and AM/PM Conversions

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

1 Right-click the Amplifier block.



Amplifier

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

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

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

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

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

Saleh hodel

[¥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



Amplifier

Model Parameters and Characteristics of Nonlinearity
Modeling Methods

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

Cubic Polynomial Model on page 5

Hyperbolic Tangent Model on page 6

Saleh Model on page 7

Ghorbani Model on page 8

Rapp Model on page 9

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

Cubic Polynomial Model

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

1 Using the third-order input intercept point ITP3 (dBm) parameter to
compute the factor, f, that scales the input signal before the Amplifier
block applies the nonlinearity:

f= 3 3
IIP3 (Watts) 1O(IIP3(dBm)—3O)/10

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

3 Limiting the scaled input signal to a maximum value of 1.
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Amplifier

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

3
Fapam@) = u—%

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

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

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

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

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

Hyperbolic Tangent Model

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

1 Using the third-order input intercept point ITP3 (dBm) parameter to
compute the factor, f, that scales the input signal before the Amplifier
block applies the nonlinearity:

f= 8 3
IIP3 (Watts) IO(IIP3(dBm)—30)/10

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



Amplifier

3 Limiting the scaled input signal to a maximum value of 1.

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

F yapoane) = tanhiu)

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

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

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

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

Saleh Model

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

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

alpha *u

Fan anle) = 5
1+ beta*u

where u is the magnitude of the scaled signal.



Amplifier

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

2
alpha *u

2
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.

Fanopulu) =

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

Ghorbani Model

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

The AM/AM parameters, [x, X, X, X,], are used to compute the amplitude
gain for an input signal using the following function
Xa
x4u
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
.,
Foanr parte) = L + yyl
1+ yqu”
where u is the magnitude of the scaled signal.

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



Amplifier

Rapp Model

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

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

]

sat

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

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

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

Thermal Noise Simulation

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

® Noise temperature — Specifies the noise in kelvin.

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

Noise temperature
290

Noise factor = 1+

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

Noise figure = 10log(Noise factor)



Amplifier

Dialog
Box

5-10

Note Some RF blocks require the sample time to perform baseband
modeling calculations. To ensure the accuracy of these calculations,
the Input Port block, as well as the mathematical RF blocks, compare
the input sample time to the sample time you provide in the mask. If
they do not match, or if the input sample time 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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Specification method
The method by which you specify the amount of noise. The choices
are Noise temperature, Noise figure, and Noise factor.
Tunable.

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

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

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

Initial seed
Nonnegative integer specifying the initial seed for the random
number generator the block uses to generate noise.
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You can see the effect of the Amplifier block in the demo
Intermodulation: Mathematical Amplifier.

~l0ix

File Edit ‘iew Simulation Format Tools Help

Examples

Intermodulation: Mathematical Amplifier

AR

oo ]
Multitone Input bl
FFT

Slider Gain Amplifier Output

¥

Baseband-Equivalent
tdultitone Signal

The baseband-equivalent
to-tone frequencies:

-30MHz and 20kHz
® o | l]
L
FFT

Info Input

Ready [1002% [ [ [FixedStepDiscrets Y

This demo uses a baseband-equivalent multitone signal as input to the
Amplifier block. A Simulink® Slider Gain block enables you to vary the
gain from 1 to 10. The following figure shows the input signal with

gain set to the default 1.
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|

) 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
540
i}
3 60
=
£ 80
-100
-120
015 -01 -005 0O 005 01 015
Frequency (GHz)
References [1] Ghorbani, A. and M. Sheikhan, “The Effect of Solid State Power

Amplifiers (SSPAs) Nonlinearities on MPSK and M-QAM Signal
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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.

[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.

Bandpass RF Filter, Bandstop RF Filter, Highpass RF Filter, Lowpass
RF Filter, Mixer



Bandpass RF Filter

Purpose
Library

Description

TR
T e B
il

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

filters, implemented in baseband-equivalent complex form. The
following table describes the available design methods.

Design Method Description

Butterworth The magnitude response of a Butterworth
filter is maximally flat in the passband and
monotonic overall.

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

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

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

Bessel The delay of a Bessel filter is maximally flat

in the passband.

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

Note This block assumes a nominal impedance of 1 ohm.

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




Bandpass RF Filter

Dialog
Box

E! Function Block Parameters: Bandpass RF Filter

—Bandpass RF Filker [mazk)] [link)]

x|

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, orB

Filter order

essel. Tunable.

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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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)



Bandstop RF Filter

Purpose Standard bandstop RF filters in baseband-equivalent complex form

Libra ry 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.

- S

"’_\“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 I1
filter is monotonic in the passband and
equiripple in the stopband.

Elliptic

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

Bessel

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

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

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

Design Method Filter Design Parameters

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

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

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

Elliptic Order, lower passband edge frequency,

upper passband edge frequency, passband
ripple, stopband attenuation

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

The Bandstop RF Filter block designs the filters using the Signal
Processing Toolbox™ filter design functions buttap, 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 Filker [mask] [link]

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

—FParameters

Dresign methad: | Buttenwarth LI
Filter arder:

|3

Lower pagzband edge frequency [Hz):

|1.35998e3

Upper pazsband edge frequency [Hz):
|20002e3

Finite impulze rezponze filter length:
|32

Center frequency [Hz):

J2=0

Sample time [2]:

[1e5

Cancel | Help | Apply |

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

You can change tunable parameters while the model is running.

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

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

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

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

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

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

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

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

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

Center frequency (Hz)
Center of the modeling frequencies.

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

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

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

Description

——

Coaxial

Model coaxial transmission line
Transmission Lines sublibrary of the Physical library

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

Inner canductar
Dielectric

Outer conductar

G
N

b

.

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

Stubless Transmission Line

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

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

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

7 R + j2rfL
G+ j2rfC

b=k +jk = JIR+ j2xfL)(G + jinfC)

where
1 1 1

R =5 —5(5%5)
L = £ 1nbra)

2r
G _ gil'fﬁdml

Inib/a)

_ e
Inib/a)

In these equations, “cand 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/ .,-‘“f HGond. fis a
vector of modeling frequencies determined by the Output Port block.
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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.

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

L= 0 L=, 0

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

A=1
B = in
=0
D=1
L]
Dialog Main Tab
Box
zl
Coaxial Tranzmizzion Lin
’7 Model a coasial transmission line.
I\-"isualization |
Outer radiuz [m]): |2.5?e-3
Inker radius [m): ID.?253-3

Relative permeability constant: |1

Fielative permittivity constant; |2.3

Conductivity in conductor [S/m): Iinf

Canductivity in dislectric [S/m): ID

Tranzmigzion line length [m]: ID.D1
Stub mode: I Mot a stub LI
Termination of stub: I Open LI

ak. I Cancel | Help | Apply |

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

E! Block Parameters: Coaxial Transmission Ling x|

" Coaxial Transmizsion Line

Model a coaxial transmission line.

Main  “isuslization |

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

Reference impedance [ohms]:ISU

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

Plat

:

QK I Cancel | Help | Apply |

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

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

See Also Coplanar Waveguide Transmission Line, General Passive Network,
Transmission Line, Microstrip Transmission Line, Parallel-Plate
Transmission Line, Two-Wire Transmission Line

5-30



Connection Port

Purpose
Library

Description

S

Connection Port

Dialog
Box

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

The Connection Port block, placed inside a subsystem composed of
RF Blockset™ blocks, creates an RF Blockset open round physical
modeling connector port < on the boundary of the subsystem. When it
is connected to a connection line, the port becomes solid s.

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

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

[Z1Block Parameters: Connection Pork |

—PrC_Port

Phyzical Modeling Connection Port block for subspstems

—Parameters

Part number:
1

Port location on parent subsystem:l Left j

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

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

See Also In Simulink, see Creating Subsystems.
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Purpose
Library
Description

CPW

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

The Coplanar Waveguide Transmission Line block models the coplanar
waveguide transmission line described in the block dialog box in

terms of its frequency-dependent S-parameters. A coplanar waveguide
transmission line is shown in cross-section in the following figure. Its
physical characteristics include the conductor width (w), the conductor
thickness (¢), 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 first calculates
the ABCD-parameters at each frequency contained in the modeling
frequencies vector. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.

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

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

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

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

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to

Series, the two-port network consists of a series transmission line

that you can terminate with either a short circuit or an open circuit
as shown here.

o T o o T o
Zin Ze'n

[ 0 o 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as
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A=1
B=2Z
L] .
Dialog Main Tab
Box
E! Block Parameters: Coplanar Waveguide Transmiss 4|
Coplanar ' aveguide Transmission Lin
’7 Model a coplanar waveguide transmiszion line.
I Yisualization |
Conductor width [m]: ID.Ee-3
Slat width (m]: J0.2e3
Substrate height (m]: |0535=-3
Strip thickness [m): |0.005e-3

Relative perittivity constant: IS.E

Conductivity in conductor (S /m]: Iinf

Lozs tangent in dielectric: ID

Transmigzion line length [m): ID.EI1

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

0K I Cancel | Help | Apply |

Conductor width (m)
Physical width of the conductor.

Slot width (m)
Physical width of the slot.

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

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

Conductivity 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.
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Visualization Tab

E! Block Parameters: Coplanar Waveguide Transmis: x|

" Coplanar W aveguide Tranzmizzion Line

Model a coplanar waweguide transmission line.

Main  Yisualization |

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

Reference impedance [ohms]:ISD

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

Plat

:

ak. I Cancel | Help | Apply |

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

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

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

Description

®| Geneal Ampliier |2

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

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

Network Parameters

If network parameter data and their corresponding frequencies exist

as S-parameters in the data source, the General Amplifier block
interpolates the S-parameters to determine their values at the modeling
frequencies. If the network parameters are Y- or Z-parameters, the
block first converts them to S-parameters. See Appendix A, “RF
Blockset™ Algorithms” for more details.

Nonlinearity

If power data exists in the data source, the block extracts the
AMAM/AMPM nonlinearities from the power data. Power data
determines both IP3 and 1 dB gain compression power.

If the data source contains no power data, then you can enter either
OIP3 or IIP3 data as a scalar value for nonlinearity in the General
Amplifier block dialog box. You can also specify the 1 dB gain
compression power and the output saturation power in the General
Amplifier block dialog box.

If you do not specify the 1 dB gain compression power, the block ignores
the output saturation power specification. The block computes and adds
the nonlinearity from the OIP3 or IIP3 value by:

1 Converting the specified value into IIP3 (if needed)

2 Using the third-order input intercept point value in dBm to compute
the factor, £, that scales the input signal before the General Amplifier
block applies the nonlinearity:
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T S 8
1IP3 (Watts) 10(1IP3(dBm)-30)/10

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

4 Limiting the scaled input signal to a maximum value of 1.

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

3
Fapr)am@ = u—%

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

If you specify the 1 dB gain compression power, the block computes and
adds the nonlinearity to the input signal by:

1 Converting the specified third-order intercept value into OIP3 (if
needed)

2 Converting the gain, OIP3, and 1dB compression data to linear,
unitless values, normalized to 1 volt and the reference impedance Z,
(which is specified in the data source):

GAIN
Gy =10 10dB
OIP3
OIP3, =1010dBm.1073.7,
PCOMP

Py =10 10dBm .1073.7,
where

® GAIN is the amplifier power gain, which is derived from the
network parameters.
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® 0IP3is the output third-order intercept point.

® PCOMP is the output power at the 1 dB compression point.
3 Computing the coefficients of the polynomial,

3 2 4
Famram(s)=cis+cs |S| S+ |S| § , that determines the AM/AM
conversion for the input signal s:

3
ci
g =——"
20IP3,
5
=G o 100114107095
> 4P,210%2| OIP3,

4 Computing the input power at which the output saturates, if it is not
specified, according to the following function:

A _ \/303 + ﬂ9032 —20C105

sat — 1 OC5

This value is the input power above which the block replaces the
AM/AM conversion model with a constant output power value A_,,.

5 Applying the AM/AM conversion to the input signal
Active Noise

You can specify active block noise in one of the following ways:
® Spot noise data in the data source.

® Spot noise data in the block dialog box.
® Spot noise data ( .noise ) object in the block dialog box.
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* Noise figure, noise factor, or noise temperature value in the block
dialog box.

* Frequency-dependent noise figure data (rfdata.nf) object in the
block dialog box.

The latter four options are only available if noise data does not exist
in the data source.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Operating Conditions

Agilent® P2D and S2D files define block parameters for several
operating conditions. Operating conditions are the independent
parameter settings that are used when creating the file data. By
default, RF Blockset™ software defines the block behavior using the
parameter values that correspond to the operating conditions that
appear first in the file. To use other property values, you must select a
different operating condition in the General Amplifier block dialog box.

Data Consistency

If the data source is a MathWorks™ AMP file or an Agilent S2D file that
contains both network parameter data and power data, the blockset
checks the data for consistency and reconciles it as necessary.

The blockset compares the small-signal amplifier gain defined by
the network parameters, S,;, and by the power data, P -P, . The
discrepancy between the two is computed in dBm using the following
equation:

AP = Sy1(fp) — Py (fp) + Py (fp) (dBm)

where f, is the lowest frequency for which power data is specified.

If AP is more than 0.4 dB, a warning appears, and the blockset adds
AP to the output power values at each specified input power value to
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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
P P, (dBm)
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Dialog
Box

5-44

Main Tab
E! Block Parameters: General Amplifier |

— General Amplifier

Monlinear amplifier described by a data source that conzists of sither an RFDATA object
or data from & file. D ata interpolation iz uzed during simulation.

‘When there iz no noise data in the data source, use the Noise Data tab to specify
amplifier noize infarmation.

‘When there is no nonlinearity data in the data source, use the Monlinearity Data tab to
specify amplifier nonlinearity information.

‘when the data source contains operating condition information, use the Operating
Conditions tab ta select operating condition settings for the simulation.

b airy Moize Data I Monlinearity Data Wizualization I Operating Conditions I

Data source: IData file ﬂ

D ata file: Idefault. z2d Browse ... |

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

Interpolation methad: ILinear j

] I Cancel Help Apply

Data source
Determines the source of the data that describes the amplifier

behavior. The data source must contain network parameters and
may also include noise data, nonlinearity data, or both. The value

can be Data file or RFDATA object.

Data file
If Data source is set to Data file, use this field to specify the

name of the file that contains the amplifier data. The file name
must include the extension. If the file is not in your MATLAB®
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path, specify the full path to the file or use the Browse button

to find the file.
RFDATA object

If Data source is set to RFDATA object, use this field to specify an
RF Toolbox data (rfdata.data) object that describes an amplifier.
You can specify the object as (1) the handle of a data object
previously created using RF Toolbox software, (2) an RF Toolbox
command such as rfdata.data('Freq',1€9,'S Parameters',[0
0, 0.5 0]), which creates a data object, or (3) a MATLAB
expression that generates such an object. See the RF Toolbox
documentation for more information about data objects.

Interpolation method

The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method

Description

Linear (default)

Linear interpolation

Spline

Cubic spline interpolation

Cubic

Piecewise cubic Hermite
interpolation
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Noise Data Tab

E! Block Parameters: General Amplifier |

— General Amplifier

Manlinear amplifier described by a data source that consists of either an RFDATA
object or data from a file. Data interpolation is uzed during simulation.

‘When there iz no noise data in the data source, use the Moise Data tab to specify
amplifier noize information.

when there is no nonlinearnty data in the data source, uze the Nonlinearity D ata tab
b specify amplifier nanlinearity infarmation.

‘when the data source containg operating condition infarmation, use the Operating
Conditions tab to select operating condition settings for the simulation.

I ain | Monlinearity D ata | Wizualization | Operating Conditions I
Moize type: I Moize figure ;I
Moize figure [dB]: IDetermined fran data source
tinimum noize figure [dE]: IDetermined from data source
Optimal reflection coefficient: IDetermined from data source

Equivalent normalized noize resistance: IDetermined fron data zource

Moige factor: IDetermined from data source

Moise temperature [K]: IDetermined from data source

ak. I Cancel | Help | Apply |

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio, in decibels, of the available signal-to-noise power
ratio at the input to the available signal-to-noise power ratio at
the output, (S;/N)/S /N,). This parameter is enabled if Noise
type is set to Noise figure.
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Minimum noise figure (dB)
Minimum 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 is enabled if Noise type
is set to Spot noise data.

Optimal reflection coefficient
Optimal amplifier source impedance. This parameter is enabled
if Noise type is set to Spot noise data.

Equivalent normalized resistance
Resistance normalized to the resistance used to take the noise
measurement. This parameter is enabled if Noise type is set to
Spot noise data.

Noise factor
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 is enabled if Noise type is set
to Noise factor.

Noise temperature (K)
Equivalent temperature that produces the same amount of noise
power as the amplifier. This parameter is enabled if Noise type
is set to Noise temperature.
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Nonlinearity Data Tab

[T)Block Parameters: General Amplifier |

— General Amplifier
Monlinear amplifier described by a data source that consists of either an RFDATA object or
data from a file. D ata interpolation iz used during simulation.

Wwhen there is no noize data in the data source, uge the Moize Data tab to specify amplifier
noize infarmation.

‘wihen there iz no nonlinearity data in the data source, ugze the Monlinearity Data tab to
specify amplifier nonlinearity information,

‘wihen the data source containg operating condition information, use the Dperating
Conditions tab to select operating condition settings for the: simulation.

I “isualization | Operating Conditions |

Main | Moize Data |

IP3 type: EGE |

IF3 [dBm]: IDetermined from data source

1dB gain compression power [dBm]: IDetermined from data source

Output zaturation power [dBm): IDetermined from data source

Ok I Cancel | Help | Apply |

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

intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.

IP3 (dBm)
Scalar power value of third-order intercept point. This parameter

is disabled if the data source contains power data or IP3 data. Use
the default value, Inf, if the IP3 value is unknown.
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1 dB gain compression power (dBm)
Scalar output power value at which gain has decreased by 1 dB.
This parameter is disabled if the data source contains power data
or 1 dB compression point data. Use the default value, Inf, if the
1 dB compression point is unknown.

Output saturation power (dBm)
Scalar output power value the amplifier produces when fully
saturated. This parameter is disabled if the data source contains
output saturation power data. Its value is only used if 1 dB gain
compression power (dBm) is specified. Use the default value,
Inf, if saturation power is unknown.
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Visualization Tab

E! Block Parameters: General Amplifier |

— General Amplifier

Monlinear amplifier described by a data source that consists of either an RFDATA object
or data from a file. Data interpolation iz used during simulation.

“Wwhen there is no noise data in the data source, use the Moise Data tab to specify
amplifier noize information.

“when there iz no nonlinearity data in the data source, use the Monlinearity Data tab to
specify amplifier nonlinearity information.

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

tdain Moize Data I Monlinearity D ata Visualization Operating Conditions I

Source of frequency data: IExtracted from data source LI
Frequency data [Hz): |[1 e9:1e8:2 9e9)
Source of input power data: IExtracted from data source LI

Input power data [dEm): I[D:'I 9]
Reference impedance [ohme]: IED
Flot type: IX-Y plane LI
‘' parameterl: lﬁ 't farmat: IW
' parameterd: Iﬁ ¥ formatZ: Iﬁ
¥ parameter: m # format; Hz -
' seale: lm R scale: lm

Flat |

] I Caticel | Help | Aoply |

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.

5-50



General Amplifier

Examples

Operating Conditions Tab

[T)Block Parameters: General Amplifier

X

— General Amplifier

data from a file. D ata interpolation iz used during simulation.

Wwhen there is no noize data in the data source, use the Noize Data tab to specify
noise information.

specify amplifier nonlinearity information,

‘wihen the data source containg operating condition information, use the Dperating
Conditions tab to select operating condition settings for the: simulation.

Monlinear amplifier described by a data source that consists of either an RFDATA object or

‘wihen there iz no nonlinearity data in the data source, ugze the Monlinearity Data tab to

amplifier

I ain Moize Data | Monlinearity Data | Wisualization U

Conditions: Values:

BiasL |15 =l

Biasll |53 B

o]

Cancel | Help |

Apply |

If the data source contains data at multiple operating conditions, the
Operating Conditions tab contains two columns. The Conditions
column shows the available conditions, and the Values column contains
a drop-down list of the available values for the corresponding condition.
Use the drop-down lists to specify the operating condition values to

use in simulation.

Creating a General Amplifier Block from File Data

This example uses the default data source, which is the nonlinear

amplifier in the file default.s2d. The file co

ntains S-parameters for
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frequencies from 1.0 to 2.9 GHz at intervals of 0.01 GHz, power data
at frequency 2.1 GHz, and active noise parameters. By default, the
General Amplifier block uses linear interpolation to model the network
described in the object.

1 On the Main tab, accept the default settings.

[Z1Block Parameters: General Amplifier x|

— General Amplifier

Manlinear amplifier described by a data source that consists of either an RFDATA object
or data from & file. D ata interpolation iz used during simulaticn.

Wihen there is no noise data in the data source, use the Moise D ata tab to specify
amplifier noize information.

when there iz ho nonlinearity data in the data source, use the Monlinearity Data tab to
zpecify amplifier nonlinearity information.

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

b airy | Moize Data I Monlinearity Data Wigualization I Operating Conditions I
Data source: IData file LI
D ata file: Idefault. z2d Browse ... |
RFDATA object: Iread[rfdata.data, ‘default.amp’)
Interpolation methad: ILinear ﬂ

] I Caticel | Help | Apply |

2 On the Visualization tab, set the parameters as follows:
¢ In the Plot type list, select Z Smith chart.
¢ In the Y parameterl list, select S22.
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E!Block Parameters: General Amplifier x|

r— General Amplifier

Monlinear amplifier described by a data source that consists of either an RFDATA, object
or data from a file. D ata interpolation iz used during simulation,

‘when there is o noize data in the data source, use the Moise Data tab to specify
amplifier noize informatian.

“when there iz ho nonlinearity data in the data source, uze the Monlinearity Data tab to
specify amplifier nonlinearity information.

‘when the data source containg operating candition information, use the Operating
Conditions tab to select operating condition zettings for the simulation.

tain Moise Data I Monlingarity D ata Wisualization Operating Conditions I

Source of frequency data: IExllacled from data source j
Frequency data [Hz): |[1 e3:1e8:2.9e4]
Source of input power data: IExhacted fram data source LI

Input power data [dBm]: |D

Reference impedance [chms): ISU

Flat type: IZ Smith chart LI
Y parameter]: |522 LI Y format]: |Magn\tude [decwbels];l
' parameter2: I LI Y farmat2: I j
% parameter. IFreq LI  format: IHz LI
' scale: ILlnear LI * scale: ILlneal LI

ak I Cancel | Help | Lpply |

Click Plot. This action creates Z Smith chart of the S,, parameters
using the frequencies taken from the data source.
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.} untitled/General Amplifier ;lﬂlll
u

File Edit Yiew Insert Tools Desktop ‘Window Help

DEEE| heam®|€ |08 «O

Z0= &0 +1.0

For a demonstration of how to use an Agilent .s2d file in a Simulink®
model, see Effect of Nonlinear Amplifier on QPSK Modulation.

See Also Output Port, S-Parameters Amplifier, Y-Parameters Amplifier,
Z-Parameters Amplifier
rfdata.data (RF Toolbox)

interp1 (MATLAB)
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Purpose
Library

Description

General
Cicuit Element

Dialog
Box

Model two-port network described by rfckt object
Black Box Elements sublibrary of the Physical library

The General Circuit Element block models the two-port network
described by an RF Toolbox™ circuit (rfckt) object.

The block uses the rfckt/analyze method to calculate the network
parameters at the modeling frequencies.

.
Main Tab
E! Block Parameters: General Circuit Element 4|

General Circuit Element
’7 Two-part network described by an RFCET object.

I Yisualization |

RFCET object: Iread[rfckt.amplifier, ‘default.amp’]

ak I Cancel | Help | Apply |

RFCKT object
An RF Toolbox circuit (rfckt) object. You can specify the object
as (1) the handle of a circuit object previously created using
RF Toolbox software, (2) an RF Toolbox command such as
rfckt.txline, rfckt.coaxial, or rfckt.cascade that creates
a default circuit object of the specified type, or (3) a MATLAB®
expression that generates such an object. See “RF Circuit Objects”
in the RF Toolbox documentation for more information about
circuit objects.
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Visualization Tab

E! Block Parameters: General Circuit Element x|

" General Circuit Element

Two-port network described by an RFCKT object.

Main  “isuslization |

Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 He8:1.0e6:2 2e9]

Reference impedance [ohms]:ISU

Flat type: IX-Y plane LI
Y parameter]: |S1‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IH z LI
Y soale: ILinear ;I # soale: ILinear LI

Plat

:

QK I Cancel | Help | Apply |

For information about plotting circuit parameters, 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.

1 On the Main tab, set the RFCKT object parameter to rfckt.txline.

Click Apply. This action applies the specified settings.
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[C]Block Parameters: Genetal Circuit Element |

’—General Circuit Elerment

Two-port network. described by an RFCET object.

M aih I\-"isualization |

RFCKT object:  [rfckt tline

oK I Cancel

Apply |

2 Set the General Circuit Element block parameters on the
Visualization tab as follows:

¢ In the Y parameterl list, select S12.
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E! Block Parameters: General Circuit Element x|

" General Circuit Element

Two-port network, described by an RFCKT object.

Main  Yisualization |

Source of frequency data: IUser-specified ;I
Frequency data [Hz]: |[1 Se8:1.0e6:2 2e9]

Reference impedance [ohms]:ISD
Plat type: IX-Y plane LI
‘' parameter]: m ' farmatl:  |Magnitude [decibels]) «
' parameter2: Iﬁ ' farmat2: Iﬁ
¥ parameter: m X format:  [Hz -
Y scale: m #oscale: Im

Plat |

QK I Cancel | Help | Apply |

Click Plot. This action creates an X-Y Plane plot of the S,
parameters in the frequency range 1.9 to 2.2 GHz.
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<) untitled/General Circuit Element ;Iglll
k|

File Edit Wew Insert Tools Desktop ‘Window Help

e hRaMe (€08 8O

Magnitude (decibels)
[~
o
T

|
1.8 1.85 2 2.05 21
Freq [GHz]

2.2 2.25

See Also General Passive Network, S-Parameters Passive Network, Y-Parameters
Passive Network, Z-Parameters Passive Network

interp1 (MATLAB)
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Purpose
Library

Description

Model mixer and local oscillator described by rfdata object
Mixer sublibrary of the Physical library

The General Mixer block models the mixer described by an RF Toolbox™
data (rfdata.data) object.

Network Parameters

The network parameter values all refer to the mixer input frequency.

If network parameter data and 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.

RF Blockset™ software computes the reflected wave at the mixer input

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

|:b1(ﬁn):|:|:sll S12:||:a1(ﬁ'n):|
b2 (fout) SZI 822 a2(fout)
where

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

®* @, and ay are the incident waves at the mixer input and output,
respectively.

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

Active Noise

You can specify active block noise in one of the following ways:

® Spot noise data in the data source.



General Mixer

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

* Noise figure, noise factor, or noise temperature value in the block
dialog box.

® Frequency-dependent noise figure data (rfdata.nf) object in the
block dialog box.

The latter four options are only available if noise data does not exist
in the data source.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Phase Noise

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

The blockset computes the digital filter by:

1 Interpolating the specified phase noise level to determine the phase
noise values at the modeling frequencies.

2 Taking the IFFT of the resulting phase noise spectrum to get the
coefficients of the FIR filter.

Note If you specify phase noise as a scalar value, the blockset assumes
the phase noise is constant at all modeling frequencies and does not
have a 1/f slope. This assumption differs from that made by the
Mathematical Mixer block.
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Nonlinearity

If power data exists in the data source, the block extracts the
AMAM/AMPM nonlinearities from the power data. Power data
determines both IP3 and 1 dB gain compression power.

If the data source contains no power data, then you can enter either
OIP3 or IIP3 data as a scalar value for nonlinearity in the General Mixer
block dialog box. You can also specify the 1 dB gain compression power
and the output saturation power in the General Mixer block dialog box.

If you do not specify the 1 dB gain compression power, the block ignores
the output saturation power specification. The block computes and adds
the nonlinearity from the OIP3 or IIP3 value by:

1 Converting the specified value into IIP3 (if needed)

2 Using the third-order input intercept point value in dBm to compute
the factor, f, that scales the input signal before the General Mixer
block applies the nonlinearity:

3 3
f= \/ 1IP3 (Watts) \/ 10(TIP3(dBm)-30)/10
3 Computing the scaled input signal by multiplying the mixer input
signal by f.
4 Limiting the scaled input signal to a maximum value of 1.

5 Applying an AM/AM conversion to the mixer gain, according to the
following cubic polynomial equation:

3
Fapnrram @ = u—%

where u is the magnitude of the scaled input signal, which is a
unitless normalized input voltage.
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If you specify the 1 dB gain compression power, the block computes and
adds the nonlinearity to the input signal by:

1 Converting the specified third-order intercept value into OIP3 (if
needed).

2 Converting the gain, OIP3, and 1dB compression data to linear,
unitless values, normalized to 1 volt and the reference impedance Z,
(which is specified in the data source):

GAIN
Gy =10 10dB
OIP3
OIP3, =1010dBm.1073.Z,
PCOMP

Py =10 10dBm .1073.7,
where

® GAIN is the mixer power gain, which is derived from the network
parameters.

® 0IP3 is the output third-order intercept point.
® PCOMP is the output power at the 1 dB compression point.

3 Computing the coefficients of the polynomial,

3 2 4
Famram(@® =as+egls| s+eslsl" s , that determines the AM/AM
conversion for the input signal s:

3
ci
g =——"
201IP3,
5
o= o 100114107095
> 4P,210%2| OIP3,
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4 Computing the input power at which the output saturates, if it is not
specified, according to the following function:

3C3 + ﬂ9032 - 20(3105
Asat = \/

—1005

This value is the input power above which the block replaces the
AM/AM conversion model with a constant output power value A_,,.

5 Applying the AM/AM conversion to the input signal

Operating Conditions

Agilent® P2D and S2D files define block parameters for several
operating conditions. Operating conditions are the independent
parameter settings that are used when creating the file data. By
default, the blockset defines the block behavior using the parameter
values that correspond to the operating conditions that appear first
in the file. To use other property values, you must select a different
operating condition in the General Mixer block dialog box.
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Dialog
Box

Main Tab

E! Block Parameters: General Mixer |

—General Mixer

Monlinear miver described by a data source that consists of either an RFDATA objact or
data from a file. Data interpolation iz uged during simulation.

When there iz no noise data in the data source, use the Noise Data tab to specify mixer
hioige information.

‘when there is no nonlinearity data in the data source, use the Monlinearity Data tab to
specify miver nonlinearity infarmatian.

‘when the data source contains operating condition information, use the Operating
Conditions tab ta select aperating condition settings far the simulation.

INoise Data | Monlineanty Data | “isualization | Operating Conditions I

[Cata source: I D ata file ;I

D ata file: Idefault.sEp Browse ... |

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

Interpolation method:l Linear LI
Mixer type: I Downconyverter ;I

L0 frequency [Hz): ID.SES

ak. I Cancel | Help | Apply |

Data source
Determines the source of the data that describes the mixer

behavior. The data source must contain network parameters and
may also include noise data, nonlinearity data, or both. The value
can be Data file or RFDATA object.

Data file
If Data source is set to Data file, use this field to specify the
name of the file that contains the mixer data. The file name must
include the extension. If the file is not in your MATLAB® path,
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specify the full path to the file or use the Browse button to find

the file.

Note If the data file contains an intermodulation table, the
General Mixer block ignores the table. Use RF Toolbox software
to ensure the cascade has no significant spurs in the frequency
band of interest before running an RF Blockset simulation.

RFDATA object

If Data source is set to RFDATA object, use this field to specify
an RF Toolbox data (rfdata.data) object that describes a mixer.
You can specify the object as one of the following:

¢ The handle of a data object previously created using RF Toolbox

software.

¢ An RF Toolbox command such as
rfdata.data('Freq',1e9,'S_Parameters',[0 O, 0.5 0]),

which creates a data object.

e A MATLAB expression that generates a data object.
For more information about data objects, see the .data
reference page in the RF Toolbox documentation.

Interpolation method

The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method

Description

Linear (default)

Linear interpolation

Spline

Cubic spline interpolation

Cubic

Piecewise cubic Hermite
interpolation
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Mixer Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

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

blockset computes the mixer output frequency, 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.
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Noise Data Tab

E! Block Parameters: General Mixer |

—General Mixer

Monlinear miver described by a data source that consists of either an RFDATA objact or
data from a file. Data interpolation iz uged during simulation.

When there iz no noise data in the data source, use the Noise Data tab to specify mixer
hioige information.

‘when there is no nonlinearity data in the data source, use the Monlinearity Data tab to
specify miver nonlinearity infarmatian.

‘when the data source contains operating condition information, use the Operating
Conditions tab ta select aperating condition settings far the simulation.

Monlinearity Data |\u"isua|izati0n | Operating Conditions I

Main |

Phase noise frequency offset (Hz): |[0.1 11010013

Phaze noize level [dBc/Hz]: I[-?D 120 -140 -150]

Moize tppe: I Moize figure LI
Moize figure [dB): IDetermined from data source
Minirum noize figure [dB]: IDetermined frarn data zource
Optimal reflection coefficient: IDetermined from data source

Equivalent nommalized noise resistance; IDetermined from data source

Muoise factor: IDetermined from data source

Moize temperature [K)]: IDetermined from data source

ak. I Cancel | Help | Apply

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

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

Noise type
Type of noise data. The value can be Noise figure, Spot noise

data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.
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Noise figure (dB)
Scalar ratio, in decibels, of the available signal-to-noise power
ratio at the input to the available signal-to-noise power ratio at
the output, (S,/N)/(S /N,). This parameter is enabled if Noise
type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio of the available signal-to-noise power ratio
at the input to the available signal-to-noise power ratio at the
output, (S,/N)/(S,/N,). This parameter is enabled if Noise type
is set to Spot noise data.

Optimal reflection coefficient
Optimal mixer source impedance. This parameter is enabled if
Noise type is set to Spot noise data.

Equivalent normalized resistance
Resistance normalized to the resistance used to take the noise
measurement. This parameter is enabled if Noise type is set to
Spot noise data.

Noise factor
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 is enabled if Noise type is set
to Noise factor.

Noise temperature (K)
Equivalent temperature that produces the same amount of noise
power as the amplifier. This parameter is enabled if Noise type
is set to Noise temperature.
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Nonlinearity Data Tab

[TIBlock Parameters: General Mixer

—General Mixer

Monlinear mixer described by a data souwrce that consists of either an RFDATA object or
data from a file. Data interpalation iz used during simulation.

When there is no noize data in the data source, use the Moise Data tab to specify mixer
noize information.

‘when there iz ho nonlinearity data in the data source. use the Monlinearity Data tab ko
specify mixer nonlinearity information,

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

I Wisualization Operating Conditions I

Main | Moise Data |
IF3 type: ELE =l
P3 [dBm]: fint

1dB gain compression power [dBm]:Iinf

Output gaturation power [dBm]: Iinf

0K I Cancel | Help | Apply

IP3 type

Type of third-order intercept point. The value can be IIP3 (input
intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.

IP3 (dBm)

Scalar power value of third-order intercept point. This parameter
is disabled if the data source contains power data or IP3 data. Use
the default value, Inf, if the IP3 value is unknown.
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1 dB gain compression power (dBm)
Scalar output power value at which gain has decreased by 1 dB.
This parameter is disabled if the data source contains power data
or 1 dB compression point data. Use the default value, Inf, if the
1 dB compression point is unknown.

Output saturation power (dBm)
Scalar output power value the amplifier produces when fully
saturated. This parameter is disabled if the data source contains
output saturation power data. Its value is only used if 1 dB gain
compression power (dBm) is specified. Use the default value,
Inf, if saturation power is unknown.

5-71



General Mixer

Visualization Tab

E! Block Parameters: General Mixer |

— General Mixer

Monlinear mixer described by a data source that consists of either an RFDATA object or
data from a file. Data interpolation iz used during simulation.

Wwhen there is no noise data in the data source, use the Moise Data tab to specify mixer
noize infarmatian.

“when there iz no nonlinearity data in the data source, use the Monlinearity Data tab to
specify mizer nonlinearity information.

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

tdain Moize Data I Monlinearity D ata Visualization Operating Conditions I

Source of frequency data: IExtracted from data source LI
Frequency data [Hz): |[1 e9:1e8:2 9e9)
Source of input power data: IExtracted from data source LI

Input power data [dEm): ID

Reference impedance [ohme]: IED

Flot type: IX-Y plane LI
‘' parameterl: lﬁ 't farmat: IW
' parameterd: Iﬁ ¥ formatZ: Iﬁ
¥ parameter: m # format; Hz -
't scale: lm X gcale: lm

Flat |

] I Caticel | Help | Aoply |

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

Operating Conditions Tab

[TIBlock Parameters: General Mixer |

—General Mixer

Monlinear mixer described by a data souwrce that consists of either an RFDATA object or
data from a file. Data interpalation iz used during simulation.

When there is no noize data in the data source, use the Moise Data tab to specify mixer
noize information.

‘when there iz ho nonlinearity data in the data source. use the Monlinearity Data tab ko
specify mixer nonlinearity information,

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

Main Moize Data Monlinearity Data | Wisualization

Conditions: Walues:
BiasL |15 =l
BiasLl |53 B

0K I Cancel | Help | Apply |

If the data source contains data at multiple operating conditions, the
Operating Conditions tab contains two columns. The Conditions
column shows the available conditions, and the Values column contains
a drop-down list of the available values for the corresponding condition.
Use the drop-down lists to specify the operating condition values to
use in simulation.

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

rfdata.data (RF Toolbox)
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Purpose
Library

Description

General
Passive Network

Dialog
Box

5-74

Model two-port passive network described by rfdata object
Black Box Elements sublibrary of the Physical library

The General Passive Network block models the two-port passive
network described by an RF Toolbox™ data (rfdata.data) object.

If network parameter data and their corresponding frequencies exist as
S-parameters in the rfdata.data object, the General Passive Network
block interpolates the S-parameters to determine their values at the
modeling frequencies. If the block contains network Y- or Z-parameters,
the block first converts them to S-parameters. See “Mapping Network
Parameters to Modeling Frequencies” on page A-5 for more details.

.
Main Tab
E! Block Parameters: General Passive Network |

General Passive Netwaork

Two-port passive network. described by an RFDATA object or data from a file.

Data interpolation is uzed during simulation.

IVisuaIization I

[Data source: I [ ata file ;I

D ata file: Ipassive.s2p Browse ... |

RFDATA object: Iread[rfdata.data, ‘passive.s2p']
Interpolation method:l Linear LI

] I Cancel | Help | Apply |

Data source
Determines the source of the data that describes the amplifier
behavior. The data source must contain network parameters and
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may also include noise data, nonlinearity data, or both. The value
can be Data file or RFDATA object.

RFDATA object
If Data source is set to RFDATA object, use this field to specify
an RF Toolbox data (rfdata.data) object. You can specify the
object as (1) the handle of a data object previously created
using RF Toolbox software, (2) an RF Toolbox command such as
rfdata.data('Freq',1e9,'S_Parameters',[0 O, 0.5 0]),
which creates a data object, or (3) a MATLAB® expression that
generates such an object. See the RF Toolbox documentation for
more information about data objects.

Data file
If Data source is set to Data file, use this field to specify the
name of the file that contains the amplifier data. The file name
must include the extension. If the file is not in your MATLAB
path, specify the full path to the file or use the Browse button
to find the file.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation
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Examples

Visualization Tab

E! Block Parameters: General Passive Network x|

General Passive Network

Two-port pazzive network described by an RFDATA object or data from a file,

D ata interpalation iz uzed during simulation.

Main  Wisualization I

Source of frequency data: IEHtracted from data source ;I
Frequency data [Hz): I[D.398:1e?:899]

Reference impedance [ohms]: ISD

Plat type: IX-Y plane ;I
't parameterl: m 't format1: lm
' parameters: Iﬁ ' formatz: Iﬁ
* parameter: m # format; Hz -
Y scale: m ¥ scale: Linear hd

Plat |

Ok I Cancel | Help | Apply |

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

Creating a General Passive Network Block from File Data

This example creates a two-port passive network from the data in the

file passive.s2p. The file contains S-parameters for frequencies from

about 0.315 MHz to 6.0 GHz. The General Passive Network block uses
linear interpolation to model the network described in the object.

1 On the Main tab, accept the default settings.
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E! Block Parameters: General Passive Network |

General Passive Netwaork

Two-port passive network. described by an RFDATA object or data from a file.

Data interpolation is used during simulation.

I Visualization I

Data source: I D ata file ;I

Data file: Ipassive.s2p Browse ... |

RFDATA object: Iread[rfdata.data, ‘passive.s2p’)
Interpolation method:l Linear ;I

ak. I Cancel | Help | Apply |

2 On the Visualization tab, set the parameters as follows:

¢ In the Plot type list, select Z Smith chart.
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C]elock Parameters: General Passive Network |

General Passive Metwork

Two-port pasgive network described by an BFDATA object or data from a file,

D ata interpalation iz wsed during simulation,

Main  Yisualization I

Source of frequency data; IExtracted from data source ;I
Frequency data [Hz): I[D.BeE:'Ie?:BeS]

Reference impedance [ohme]: IED
Flot type: IZ Smith chart LI
‘' parameterl: m 't format1: lm
't parameter?: Iﬁ 't format2: lﬁ
* parameter: m * format; Hz -

' scale: m # scale: Im

Plat |

Ok I Cancel | Help | Apply |

Click Plot. This action creates a Z Smith chart of the S,; parameters,
using the frequencies taken from the RFDATA object parameter on
the Main tab.
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) untitled /General Passive Network =]
N

File Edit Wiew Insert Tools Desktop Window Help

Ded& hRaM®|(E| 0B =0

Z0= 50 +1.0

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

rfdata.data (RF Toolbox)
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.
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Dialog
Box

=] Function Block Parameters: Highpass RF Filter x|

—Highpass RF Filter [mask] (link]

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

—Parameters

Dresign method: | Buttenworth LI
Filter arder:

]

Pazzband edge frequency [Hz):

|1.9330e3

Finite impulze response filter length:
EH

Center frequency:

J2=a

Sample time [s]:
[1e5

Cancel | Help | Apply |

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

You can change tunable parameters while the model is running.

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

Filter order
Order of the filter.

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

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

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

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

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

Center frequency (Hz)
Center of the modeling frequencies.

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

Mixer

buttap, cheblap, cheb2ap, ellipap, besselap (Signal Processing
Toolbox)
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Purpose 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-33. 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

Connection block: from Simulink to RF Blockset physical blocks.

The RF Blockset physical blocks use a baseband-equivalent modeling technique. The
bandwidth modeled is 1/[Sample time). centered on the specified Center frequency. The
Center frequency comesponds to 0 Hz in the baseband-equivalent model.

Finite impulze responze [FIR] filters are uzed ta model the frequency dependent
characteristics and look-up tables are uzed to model the nonlinear behaviors of RF
Blockzet physical blocks between this block and the Output Port block.

Optional guard bands can be specified az a fraction of the modeling bandwidth. The
guards bands are implemented by applying a T ukey window to the frequency responze.
Modeling delay may be added to improve the responze of the FIR filkers.

— Parameter.

Finite impulze rezponze filker length: |128

Fractional bandwidth of guard bands: I ]

Modeling delay [zamples]: I ]
Center freguency [Hz): |2eS
Sample time [s]: I Te-7
Source impedance [ohms]: IED
¥ Add noise

Initial seed: | 57347

Ok I Cancel |

| Apply

Finite impulse response filter length

Desired length of the baseband-equivalent impulse response for
the physical model. The longer the FIR filter in the time domain,
the finer the frequency resolution in the frequency domain. The
frequency resolution is approximately equal to 1/ (Finite impulse
response filter length*Sample time (s)). For a graphical
representation of this parameter, see “Baseband-Equivalent

Modeling” on page A-13.
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Note The RF Blockset algorithm uses the next power of 2
greater than the specified filter length in its calculations and
then truncates the impulse response to the specified length.
As a result, you get different results when you set the Finite
impulse response filter length parameter to a number
that is not a power of 2. For more information about how the
software calculates the baseband-equivalent impulse response,
see “Calculating the Baseband-Equivalent Impulse Response”
on page A-16.

Fractional bandwidth of guard bands
Fraction of modeling bandwidth over which to taper the edges
of the transfer function of the system when creating the
baseband-equivalent model. This parameter defines the ratio
of the bandwidth of sections that are tapered using a Tukey, or
cosine-tapered, window to the bandwidth of the constant, or
untapered, sections.

A value less than or equal to 0 tells the Input Port block to use a
rectangular (rectwin) window. A value greater than or equal to 1
tells the Input Port block to use a hann window.

The blockset uses the Signal Processing Toolbox™ tukeywin
function to generate the window. The following figure shows the
resulting frequency-domain window for several values of the
Fractional bandwidth of guard bands parameter.
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Amplitude
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Baszeband-Equivalent Frequency in Hz

See “Creating a Complex Baseband-Equivalent Model” on page
A-13 for information about how the Input Port block applies
this window to reduce the Gibbs phenomenon (also known as
ringing), and other artifacts in the baseband-equivalent model
of the system.

Modeling delay (samples)
Number of time samples by which to delay the impulse
response of the baseband-equivalent model to ensure that the
baseband-equivalent model has a causal response.
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See “Creating a Complex Baseband-Equivalent Model” on page
A-13 for information on how the Input Port block applies this
delay to ensure a causal response.

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

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

Note The Input Port block does not automatically inherit a
sample time from its input signal. The specified Sample time (s)
value must match the sample time of the input signal.

Source impedance (ohms)
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 parameter,
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 following circuit diagram.

(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

Main Tab

LC Bandpass Fi

Model an LC bandpass pi network.

I

Yisualization |

Inductance [H]: |[1.4445e-9 4359498 1.44462-9]
Capacitance [F): |[3.5?85e-11 1176212 3.5785e-11]

o]

Cancel | Help | Apply |

Inductance (H)

Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least three elements. All values must be strictly positive.

Capacitance (F)

5-90

Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to the
length of the vector you provide in the Inductance parameter.
All values must be strictly positive.
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Examples

Visualization Tab

x
LC Bandpass Pi
’7 Model an LC bandpass pi network.
Main  “isuslization |
Source of frequency data: IUser-specified LI
Frequency data [Hz]: I[EDDBE:4eB: A00eE]
Reference impedance [ohms]:ISU
Flat type: IX -t plane LI
Y parameter]: Iﬁ ¥ format]: Im
Y parameter?: Iﬁ ' formatz: lﬁ
¥ parameter: Iﬁ # format; Iﬁ
Y soale: m # soale: lm
Plat |

QK I Cancel | Help | Apply |

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

Using a Ladder Filter Block to Filter Gaussian Noise

This example provides complex random noise in Gaussian form as input
to an LLC Bandpass Pi block. A Signal Processing Blockset™ Spectrum
Scope block plots the filtered output.
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The Signal Processing Blockset Random Source block produces
frame-based output at 512 samples per frame. Its Sample time
parameter is set to 1.0e-9. This sample time must match the sample
time for the physical part of the model, which you provide in the Input
Port block diagram.
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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

— Inpuk Port

Connection block From Simulink ko RF Blockset physical blocks,

The RF Blockset physical blocks use a baseband-equivalent modeling technique. The
bandwidth modeled is 1/{Sample time), centered on the specified Center frequency,
The Center frequency corresponds to O Hz in the baseband-equivalent model.

Finite impulse respanse {FIR) filkers are used to madel the frequency dependent
characteriskics and look-up tables are used ko model the nonlinear behaviors of RF
Elockset physical blocks between this block and the Output Port block,

Optional guard bands can be specified as a fraction of the modeling bandwidth, The
guards bands are implemented by applving a Tukey window to the frequency
response. Modeling delay may be added to improve the response of the FIR Filkers.

—Parameters

Finite impulse respanse filker length: |256

Fractional bandwidth of guard bands: I i}

Modeling delay {samples): I i}
Center frequency (Hz): I FO0es
Sample time {s): I 1e-9
Source impedance (ohms): I 50
I~ add naise

Initial seed: |7987

Apply

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

1.1762e-12, 3.5785e-11].
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[C)Block Parameters: LC Bandpass Pi

LC Bandpasz Fi
’7 todel an LC bandpass pi network.

I Yisualization |

Inductance [H]: |[1.444Ee-9 4359498 1.4446e-9)
Capacitance [F): |[3.5?853-11 1.1762e12 3.5785e-11]

0K I Cancel | Help |

Apply |

The following plot shows a sample of the baseband-equivalent RF signal
generated by this LC Bandpass Pi block. Zero (0) on the frequency axis
corresponds to the center frequency specified in the Input Port block.

The bandwidth of the frequency spectrum is 1/sample time. You specify
the Sample time parameter in the Input Port block.
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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]
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20
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-40
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Magnitude, dE

&0
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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, LC Bandstop Pi, L.C
Bandstop Tee, LC Highpass Pi, L.C Highpass Tee, LC Lowpass Pi, L.C
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt
L, Shunt R, Shunt RLC
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Purpose
Library

Description

—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
pairb 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 following circuit diagram.

[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] .
Dialog Main Tab
Box
E! Block Parameters: LC Bandpass Tee 4|
LC Bandpass T
’7 tModel an LC bandpass tee netwark.

I Yisualization |

Inductance [H]: |[2.?812e-8 30139 27812e-8]

Capacitance [F): |[1.858?e-12 1.7157e-11 1.8887e-12]

o]

Cancel | Help |

Apply |

Inductance (H)

Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least three elements. All values must be strictly positive.

Capacitance (F)

Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to the
length of the vector you provide in the Inductance parameter.

All values must be strictly positive.
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Examples

References

See Also

Visualization Tab

x
LC Bandpass Tee

’7 Model an LC bandpass tee network.
Main  “isuslization |
Source of frequency data: IUser-specified LI

Frequency data [Hz]: I[EDDBE:4eB: A00eE]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: |S2‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IHz LI
Y soale: ILinear ;I # soale: LI
__Fe |

ak I Cancel |

Apply |

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

“Plotting Model Data”.

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

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

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

1967.

General Passive Network, LC Bandpass Pi, LC Bandstop Pi, LC
Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC Lowpass Pi, LC
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt

L, Shunt R, Shunt RLC
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Purpose

Description

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

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

For each inductor and capacitor pair in the network, the block first
calculates the ABCD-parameters at each frequency contained in the
vector of modeling frequencies. For each series pair, A=1,B=7,C =0,
and D = 1, where Z is the impedance of the series pair. For each shunt
paib A=1,B=0,C=Y,and D = 1, where Y is the admittance of the
shunt pair.

The LC Bandstop Pi block then cascades the ABCD-parameters for each
series and shunt pair at each of the modeling frequencies, and converts
the cascaded parameters to S-parameters using the RF Toolbox™
abcd2s function.

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

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

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 Main Tab
Box
E! Block Parameters: LC Bandstop Pi 4|
LC Bandstop Pi
’7 Model an LC bandstop pi netwark.

Yisualization |

Inductance [H]: |[2.8091 a8 226039 280972-8]
Capacitance [F): |[1.84039-12 2287111 1.8403e-12]

ak I Cancel | Help | Apply |

Inductance (H)
Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least three elements. All values must be strictly positive.

Capacitance (F)
Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to the
length of the vector you provide in the Inductance parameter.
All values must be strictly positive.
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|

Visualization Tab

x
LC B andstop Pi
’7 Model an LC bandstop pi network.

Main  “isuslization |

Source of frequency data: IUser-specified LI

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

Reference impedance [ohms]:ISU

Flat type: IX-Y plane LI

Y parameter]: m ¥ format]: Im

Y parameter?: Iﬁ ' formatz:

¥ parameter: Im X format:  [Hz

Y soale: m # soale: Linear

Al

Plat

QK I Cancel | Help | Apply |

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

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

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

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

See Also General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LLC
Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC Lowpass Pi, LC
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt
L, Shunt R, Shunt RLC
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Purpose Model LC bandstop tee network
Libra ry Ladder Filters sublibrary of the Physical library

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

N ‘ﬂb%ﬂj‘ o S-parameters.

E— 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 Tee block then cascades the ABCD-parameters
for each series and shunt pair at each of the modeling frequencies,
and converts the cascaded parameters to S-parameters using the RF
Toolbox™ abcd2s function.

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

The LC bandstop tee network object is a two-port network as shown
in the following circuit diagram.

L, Ly
— ¢ 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] .
Dialog Main Tab
Box
E! Block Parameters: LC Bandstop Tee 4|
LC Bandstop T
’7 todel an LC bandstop tee netwark.

I Yisualization |

Inductance [H]: |[2.?908e-9 49321e-8 279082-9]

Capacitance [F): |[1.8523e-11 1.0481e-12 1.8523e-11]

o]

Cancel | Help |

Apply |

Inductance (H)

Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least three elements. All values must be strictly positive.

Capacitance (F)

Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to the
length of the vector you provide in the Inductance parameter.

All values must be strictly positive.
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Examples

References

See Also
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Visualization Tab

x
LC Bandstop Tee

’7 Model an LC bandstop tee network.
Main  “isuslization |
Source of frequency data: IUser-specified LI

Frequency data [Hz]: I[EDDBE:4eB: A00eE]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: |S2‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IHz LI
Y soale: ILinear ;I # soale: LI
__Fe |

ak I Cancel |

Apply |

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

“Plotting Model Data”.

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

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

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

1967.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LL.C
Bandstop Pi, LC Highpass Pi, LC Highpass Tee, LC Lowpass Pi, LC
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt

L, Shunt R, Shunt RLC
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Purpose
Library

Description

@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 following circuit diagram.

[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 Main Tab

Box
E! Block Parameters: LC Highpass Pi 5[

’—LC Highpaszs Fi

Model an LC highpass pi netwark.

Yisualization |

Inductance [H]: |[1.1881 a6 1.1881e-E]
Capacitance (F): 223639

ak I Cancel | Help | Apply |

Inductance (H)
Vector containing the inductances, in order from source to load, of
all inductors in the network. The inductance vector must contain
at least two elements. All values must be strictly positive.

Capacitance (F)
Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to or one
less than the length of the vector you provide in the Inductance
parameter. All values must be strictly positive.
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|

Visualization Tab

x
LC Highpass Fi
’7 Model an LC highpass pi network.

Main  “isuslization |

Source of frequency data: IUser-specified LI

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

Reference impedance [ohms]:ISU

Flat type: IX-Y plane LI

Y parameter]: m ¥ format]: Im

Y parameter?: Iﬁ ' formatz:

¥ parameter: Im X format:  [Hz

Y soale: m # soale: Linear

Al

Plat

QK I Cancel | Help | Apply |

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

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

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

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

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

Description

T
& &
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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 following circuit diagram.

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

3 -] is the



LC Highpass Tee

Dialog Main Tab
Box

LC Highpass T

Model an LC highpass tee network.

!

I Yisualization |

Inductance (H):  [5.5907=-6

Capacitance [F): |[4.?524e-10 4.7524e-10]

o]

Cancel |

Help

Apply

Inductance (H)
Vector containing the induct

all inductors in the network.

The vector cannot be empty.

Capacitance (F)

ances, in order from source to load, of
All values must be strictly positive.

Vector containing the capacitances, in order from source to load, of

all capacitors in the network

. The capacitance vector must contain

at least two elements. Its length must be equal to or one greater
than the length of the vector you provide in the Inductance
parameter. All values must be strictly positive.
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Examples

References

See Also

5-110

Visualization Tab

x
LC Highpass Tee

’7 Model an LC highpass tee network.
Main  “isuslization |
Source of frequency data: IUser-specified LI

Frequency data [Hz]: |[1 1.0e5:4e6]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: |S2‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IHz LI
Y soale: ILinear ;I # soale: LI
__Fe |

ak I Cancel |

Apply |

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

“Plotting Model Data”.

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

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

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

1967.

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LL.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Lowpass Pi, LC
Lowpass Tee, Series C, Series L, Series R, Series RLC, Shunt C, Shunt

L, Shunt R, Shunt RLC




LC Lowpass Pi

Purpose Model LC lowpass pi network
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
following circuit diagram.

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]
Dialog Main Tab
Box
zl
LC Lowpass Pi
’7 Model an LC lowpass pi netwark.

Yisualization |

Inductance (H):  [2 63186
Capacitance [F): |[5.32989-9 B.3296e-9]

ak I Cancel | Help | Apply |

Inductance (H)
Vector containing the inductances, in order from source to load, of
all inductors in the network. All values must be strictly positive.
The vector cannot be empty.

Capacitance (F)
Vector containing the capacitances, in order from source to load, of
all capacitors in the network. The capacitance vector must contain
at least two elements. Its length must be equal to or one greater
than the length of the vector you provide in the Inductance
parameter. All values must be strictly positive.
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|

Visualization Tab

x
LC Lowpass Pi
’7 Model an LC lowpass pi network.

Main  “isuslization |

Source of frequency data: IUser-specified LI

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

Reference impedance [ohms]:ISU

Flat type: IX-Y plane LI

Y parameter]: m ¥ format]: Im

Y parameter?: Iﬁ ' formatz:

¥ parameter: Im X format:  [Hz

Y soale: m # soale: Linear

Al

Plat

QK I Cancel | Help | Apply |

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

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

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

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

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

Description

® L @
T

5-114

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 following circuit diagram.

Ly Lo 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.



LC Lowpass Tee

Dialog Main Tab

Box
E! Block Parameters: LC Lowpass Tee

LC Lowpass Tee

Model an LC lowpass tee netwark.

!

I Yisualization |

Inductance [H]: |[1.3324e-5 1.3324e-5]

Capacitance (F): [1.13272-9

o]

Cancel |

Help Apply

Inductance (H)
Vector containing the induct
all inductors in the network.

ances, in order from source to load, of
The inductance vector must contain

at least two elements. All values must be strictly positive.

Capacitance (F)

Vector containing the capacitances, in order from source to load,
of all capacitors in the network. Its length must be equal to or one
less than the length of the vector you provide in the Inductance
parameter. All values must be strictly positive.
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Visualization Tab

x
LC Lowpass Tee
’7 Model an LC lowpass tee network.
Main  “isuslization |
Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 1.0e5:4e6]
Reference impedance [ohms]:ISU
Flat type: IX-Y plane LI
Y parameter]: |S2‘I LI ¥ format]: IMagnitude [decibels] LI
Y parameter?: I LI ' formatz: I ;I
¥ parameter: IFleq LI # format; IHz LI
Y soale: ILinear ;I # soale: ILinear LI

:

Plat

QK I Cancel | Help | Apply |

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

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

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

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

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

Description

iy S
TR . B
T e

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

filters, implemented in baseband-equivalent complex form. The
following table describes the available design methods.

Design Method Description

Butterworth The magnitude response of a Butterworth
filter is maximally flat in the passband and
monotonic overall.

Chebyshev I The magnitude response of a Chebyshev I filter
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, 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

=]Function Block Parameters: Lowpass RF Filter x|

—Lowpass RF Filter [maszk] [link]

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

—Parameters

Dresign method: | Buttenworth LI
Filter arder:

]

Pazzband edge frequency [Hz):

|1.9330e3

Finite impulze response filter length:
EH

Center frequency [Hz):

J2=a

Sample time [s]:
[1e5

Cancel | Help | Apply |

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

Parameters that are tunable can be changed while the model is running.
Design method

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

Filter order
Order of the filter.

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

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

5-120

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

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

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

Center frequency (Hz)
Center of the modeling frequencies.

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

Amplifier, Bandpass RF Filter, Bandstop RF Filter, Highpass RF Filter,
Mixer

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



Microstrip Transmission Line

Purpose
Library

Description

Microstrip

Model microstrip transmission line
Transmission Lines sublibrary of the Physical library

The Microstrip Transmission Line block models the microstrip
transmission line described in the block dialog in terms of its
frequency-dependent S-parameters. A microstrip transmission
line is shown in cross-section in the following figure. Its physical
characteristics include the microstrip width (w), the microstrip
thickness (¢), the substrate height (d), and the relative permittivity
constant ().

“ 4
1 T‘

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

Stubless Transmission Line

If you model a microstrip transmission line as a stubless line,

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

The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, &,
using the following equations:
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5-122

A=ekd+e—kd
2
ZO*(ekd —kd)
B=
2
kd _ —kd
C_e *e
2‘Z0
D:ekd+e—kd
2

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

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.



Microstrip Transmission Line

#]

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

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

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to

Series, the two-port network consists of a series transmission line

that you can terminate with either a short circuit or an open circuit
as shown here.

o T o o T o
Zin Ze'n

[ 0 o 0

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

Box

E! Block Parameters: Microstrip Transmission Ling

Microstip Transmiszion Lin
’7 Model & microstrip transmizsion line.

I Wizualization |

Strip width |0Eed
Substrate height (m} |0E35e3
Strip thickness [m} |0.005e-3

Relative permittivity constant: IS.S

Conductivity in conductor [5/m]: Iinf

Loss kangent in dielectric: IU
Tranzmigzion line length [m): ID.Eﬂ
Stub mode: I Mot a stub LI
Termination of gtub: I Open ;I
ak I Cancel | Help | Apply |

Strip width (m)

Width of the microstrip transmission line.

Substrate height (m)

Thickness of the dielectric on which the microstrip resides.

Strip thickness (m)

Physical thickness of the microstrip.

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

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

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.

Visualization Tab

E! Block Parameters: Microstrip Transmission Line x|

Micraztip Transmizszion Line
’7 Model a microstip transmiszion line.

Main  Visualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz]: |[1 e9:1. 0ef: 3e4]
Reference impedance [ohms]:ISD
Flot type: IX-Y plane LI
' parameter]: m Y formatl:  |Angle [degrees) -
' parameter2: | ¥ format2: lﬁ
¥ patameter: m ¥ farmat: Im
Y goale: m X goale: lm
Flot |

QK I Cancel | Help | Apply |

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

[1] Gupta, K.C., G. Ramesh, I. Bahl, and P. Bhartia, Microstrip Lines
and Slotlines, Second Edition, Artech House, 1996. pp. 102-109.
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See Also Coaxial Transmission Line, Coplanar Waveguide Transmission
Line, General Passive Network, Transmission Line, Parallel-Plate
Transmission Line, Two-Wire Transmission Line
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Mixer

Purpose
Library

Description

i

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

The Mixer block generates a complex baseband model of the following:

e A mixer

® A local oscillator with phase noise whose spectrum is characterized
by a 1/f slope

The Mixer block includes both the IF and RF signals as
complex-baseband equivalent signals. Both the IF and RF center
frequencies are represented as 0 hertz. The amplitude of the noise
spectrum is specified by the noise power contained in a 1-hertz
bandwidth offset from the carrier by a specified frequency.

Note This block assumes a nominal impedance of 1 ohm.

The block applies the phase noise to the signal as follows:

1 Generates additive white Gaussian noise (AWGN) and filters it with
a digital filter.

2 Adds the resulting phase noise to the angle component of the input
signal.

You can view the block’s implementation of phase noise by right-clicking

the block and selecting Look under mask from the pop-up menu. The
following figure shows the implementation.
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¥

Input Signal
In

Check I o1

DF2T

¥

¥

MNoiss Soume

MNoiss Soume Cigital Fil Magnitude-Angle
et Fer o Complex

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

L]
Dialog zl
Box —Mixer [mask] [link]

Complex baseband madel of mixer with phaze noise.

The phaze noize of thiz block charactenized by a 1/f slope. The level of the
spectium is zpecified by the noize power contained in & one hertz bandwidth offzet
from the camier by a certain frequency.

—Parameters

Cornversion gain [dB]:
jo
Phase noize level [dBc/Hz):
|-120

Frequency offzet [Hz]:
J100

Initial seed:

|2137

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

Conversion gain (dB)

Scalar specifying the conversion gain for the mixer. Use a negative
value to specify loss. Tunable.
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Phase noise level (dBc/Hz)
Scalar specifying the phase noise level in decibels relative to the

carrier, per hertz. Tunable.

Frequency offset (Hz)
Scalar specifying the frequency offset. Tunable.

Initial seed
Nonnegative integer specifying the initial seed for the random

number generator the block uses to generate noise.

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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Output Port

Purpose 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-33. For more information about connecting
mathematical and physical parts of a model, see Chapter 2, “Modeling
an RF System”.

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

Linear Subsystem

For the linear subsystem, the Output Port block uses the Input Port
block parameters and the interpolated S-parameters calculated by each
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of the cascaded physical blocks to calculate the baseband-equivalent
impulse response. Specifically, it

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:19 7N
where
1
fmin :fc _g

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

Vi, (f)

H =
(f) Ve()

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 blockset derives the passband transfer function from the Input
Port block parameters as shown in the following figure:

Passband Spectrum of a Modulated RF Carrier

N is the number of sub-bands

Input Port Block Parameters L

— Parameters

——| |e—— Af = 1/tg*N)

Finite impulze response filter length;  |M

Fractional bandwidth of guard bands: I F

Modeling delay [zamples):

Magnitude

Center frequency [Hz):
Sample time [s]:
Saource impedance [ohmsz):

v Add nioise

Initial seed: \
fiklal see f

| | Frequency
fa fmax

Bandwidth = 1/tg

»|
=1

3 Translates the passband transfer function to baseband as Hif —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

I/ Frequency

1/ 0 ] /Qts

< »
< >

1 /tS

4 Obtains the baseband-equivalent impulse response by calculating the
inverse FF'T of the baseband transfer function. For faster simulation,
the block calculates the IFFT using the next power of 2 greater than
the specified finite impulse response filter length. Then, it truncates
the impulse response to a length equal to the filter length specified.

For the linear subsystem, the Output Port block uses the calculated
impulse response as input to the Signal Processing Blockset™ Digital
Filter block to determine the output.

Nonlinear Subsystem

The nonlinear subsystem is implemented by AM/AM and AM/PM
nonlinear models, as shown in the following figure.
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_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

File Edit View Insert Tools Desktop Window  Help

=10 %]

heds &k «aama(E| 0 | a0

i i i
[i] 0.5 1 1.5 2 2.5 3 ah 4

2
AM of Input
Dialog Main Tab
Box
ﬂ
Output Part

Connection block from BF Blockzet phyzical blocks ko Sinmulink.

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

I air Yisualization I

Load impedance [ohms); ISD

Ok I Cancel Help Apply
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See Also

5-138

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

Visualization Tab
This tab shows parameters for creating plots if you display the Output
Port mask after you perform one or more of the following actions:

®* Run a model with two or more blocks between the Input Port block
and the Output Port block.

® (Click the Update Diagram button to initialize a model with two or
more blocks between the Input Port block and the Output Port block.

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

[T)Block Parameters: Output Port |

Output Port

Connection block from RF Blockset physical blacks o Simulink.

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

Main  Visualization I

Source of frequency data: IDerived fram Input Port parameters j

Frequency data [Hz]: |1 e9:1e8:3e9

Reference impedance [ohmsz]: ISD

Plat type: IComposite data j
' parameter]: m ' format]: lm
Y parameters: Iﬁ Y format2; Iﬁ
* parameter: m #, format: HE >
Y scale: m # scale: Linear e

0k I Cancel Help | Apply |

Input Port
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s2y (RF Toolbox)

5-139



Parallel-Plate Transmission Line

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
Farallel-Flate line is shown in cross-section in the following figure. Its physical

characteristics include the plate width 2 and the plate separation d.

e Conductar
Diekctric

T (Canductar

w

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

Stubless Transmission Line

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

The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, &,
using the following equations:
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Azekd+e—kd
2
ZO*(ekd —kd)
B=
2
kd _ —kd
c=¢ >l<e
2% 7,
D:ekd+e—kd
2

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

R + j2rfL
Zy= |~
G+ j2nfC

b=k +jk = JIR+ j2xfL)(G + jinfC)

where
_ 2
R = wao, 48
L = !.LG—T
A
L2
G = e
C= E%

In these equations, “cand 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 17 fmfue g, fis

the vector of modeling frequencies for the specified parameters. See the
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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.

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

A=1
B=0
C=1Z,
D=1
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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'n

[ 0 [ 0

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

A=1
B=Zin
=10
D=1
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Dialog
Box

5-144

Main Tab

E! Block Parameters: Parallel-Plate Transmission Line 4|

Parallel-Plate Transmizssion Lin

’7 Model a parallel-plate transmission line.

Yisualization |
Plate width [m}: |5e-3
Flate separation [m]: |1 a3

Relative permeability constant: |1

Relative permittivity constant: |2.3

Conductivity in conductor [5/m]: Iinf

Conductivity in dilectric [S/m): IU

Tranzmigzion line length [m): ID.Eﬂ
Stub mode: I Mot a stub LI
Termination of gtub: I Open ;I

ak I Cancel | Help | Apply |

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

Plate separation (m)
Thickness of the dielectric separating the plates.

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

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

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.
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References

See Also

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

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

Visualization Tab

E! Block Parameters: Parallel-Plate Transmission Li |

" Parallel-Plate Transmission Line

Maodel a parallel-plate transmission line.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I e9:1.0ek:3e9)

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: 521 | formatl: |Angle [degrees) -
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | format: lm
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

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

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

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

RLCG
RLCG
Transmissian Line

Model RLCG transmission line
Transmission Lines sublibrary of the Physical library

The RLCG Transmission Line block models the RLCG transmission line
described in the block dialog box in terms of its frequency-dependent
resistance, inductance, capacitance, and conductance. The transmission
line, which can be lossy or lossless, is treated as a two-port linear
network.

Iz) R L I(z')
It
sz) G c— V(f)
, z

where ' = z + Az,

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

Stubless Transmission Line

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

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



RLCG Transmission Line

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

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

7 R + j2rfL
G+ j2rfC

0

b=k +jk = JIR+ j2xfL)(G + jinfC)

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

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

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to

Series, the two-port network consists of a series transmission line

that you can terminate with either a short circuit or an open circuit
as shown here.

o T o o T o
Zin Ze'n

[ 0 o 0

Z,, is the input impedance of the series circuit. The ABCD-parameters
for the series stub are calculated as
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A=1
B=2Z
=10
D=1
Dialog Main Tab
Box
x

RLCG Transmizsion Lir
’7 todel an RLCG transmission line.

in: IVisuaIization |

Resistance per length [ohmsm): ID

Inductance per length [H/m]: ID

Capacitance per length [F./m]: ID

Conductance per length [S/m]: ID

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

ak I Cancel | Help | Apply |

Resistance per length (ohms/m)
Vector of resistance values in ohms per meter.

Inductance per length (H/m)
Vector of inductance values in henries per meter.

Capacitance per length (F/m)
Vector of capacitance values in farads per meter.

Conductance per length (S/m)
Vector of conductance values in siemens per meter.

Frequency (Hz)
Vector of frequency values at which the resistance, inductance,
capacitance, and conductance values are known.
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Interpolation method
Specify the interpolation method the block uses to calculate the
parameter values at the modeling frequencies. Your choices are
Linear, Spline, or Cubic.

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

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

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

Visualization Tab

[Z]Block Parameters: RLCG Transmission Line |

" RLEG Transmission Line

Maodel an RLEG transmizsion line.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I e9:1.0ek:3e9)

Reference impedance [ohms]:ISD

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

Plat

:

ak. I Cancel | Help | Apply |

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

References

See Also

[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
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Purpose

Library

Description

5-152

S-Paamaies
Amplifier

&

Model nonlinear amplifier using S-parameters
Amplifiers sublibrary of the Physical library

The S-Parameters Amplifier block models the nonlinear amplifier
described in the block dialog box, in terms of its frequency-dependent
S-parameters, the frequencies and reference impedance of the
S-parameters, noise data, and nonlinearity data.

Network Parameters

In the S-parameters field of the block dialog box, provide the
S-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the S-parameters as an
M-element vector. The elements of the frequencies vector must be in
the same order as the S-parameters. All frequencies must be positive.
For example, the following figure shows the correspondence between
the S-parameters array and the vector of frequencies.

5-pammeters . - —
array ~— LR B L <
S11 | Siw2 " Se
R, ¥
Sg1 | See Sihh
fa_ Frequendes
f fo

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.

Nonlinearity

You can enter either OIP3 or IIP3 data as a scalar value for nonlinearity
in the S-Parameters Amplifier block dialog box. You can also specify the
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1 dB gain compression power and the output saturation power in the
S-Parameters Amplifier block dialog box.

If you do not specify the 1 dB gain compression power, the block ignores
the output saturation power specification. The block computes and adds
the nonlinearity from the OIP3 or IIP3 value by:

1 Converting the specified value into IIP3 (if needed)

2 Using the third-order input intercept point value in dBm to compute
the factor, f, that scales the input signal before the S-Parameters
Amplifier block applies the nonlinearity:

e . S 8
1IP3(Watts) 10(IIP3(dBm)-30)/10

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

4 Limiting the scaled input signal to a maximum value of 1.

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

3
Fapnrram @ = u—%

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

If you specify the 1 dB gain compression power, the block computes and
adds the nonlinearity to the input signal by:

1 Converting the specified third-order intercept value into OIP3 (if
needed).
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2 Converting the gain, OIP3, and 1dB compression data to linear,
unitless values, normalized to 1 volt and the reference impedance Z,
(which is specified in the block dialog box):

GAIN
Gy =10 10dB
OIP3
OIP3, =1010dBm.1073.Z,
PCOMP

Py =10 10dBm .1073.7,
where

® GAIN is the amplifier power gain, which is derived from the
S-parameters.

® 0IP3is the output third-order intercept point.
® PCOMP is the output power at the 1 dB compression point.

3 Computing the coefficients of the polynomial,

3 2 4
Faprram(s) = crs+egls| s +essf" s , that determines the AM/AM
conversion for the input signal s:

3
‘i
g =———
201P3,
o = 1 Fo 1001 _1,10-005
> 4P,210%2| OIP3,

4 Computing the input power at which the output saturates, if it is not
specified, according to the following function:

5-154



S-Parameters Amplifier

3C3 + ﬂ9032 - 20(3105
Asat = \/

—1005

This value is the input power above which the block replaces the
AM/AM conversion model with a constant output power value A_,,.

5 Applying the AM/AM conversion to the input signal

Active Noise

You can specify active block noise in one of the following ways:

® Spot noise data in the S-Parameters Amplifier block dialog box.

* Noise figure, noise factor, or noise temperature value in the
S-Parameters Amplifier block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.
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L
Dialog Main Tab
Box
x|

— 5-Parameters Amplifier

Monlinear amplifier described by frequency-dependent 5-Parameters, noise data, and
nonlinearity data.

Usge the kain tab to specify a 242k aray of S-Parameters, an b-element vector of the
comesponding frequency values and a scalar or M-element vector of the coresponding
reference impedance values.

Use the Noize Data tab to specify amplifier noise information.

Use the Manlinearity Data tab to specify amplifier nonlinearity infarmation.

D ata interpolation is used during simulation.

Main | Moize Data I Monlinearity Data I Yizualization
5-Parameters: |[0,0;1 )
Frequency [Hz]: |2.Deg

Reference impedance [ohms]: IED

Interpolation method: ILinear LI

] I Cancel Help Aoply

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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Reference impedance (ohms)
Reference impedance of the S-parameters as a scalar or a vector
of length M. The value of this parameter can be real or complex.
If you provide a scalar value, then that value is applied to all
frequencies.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation
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Noise Data Tab

E! Block Parameters: S-Parameters Amplifier x|

—5-Parameters Amplifier

Manlinear amplifier described by frequency-dependent S5-Parameters, noize data, and
nonlinearity data.

Use the Main tab to specify a 2x2:h array of S5-Parameters, an M-element vector of the
coresponding frequency values and a scalar or M-element vector of the coresponding
reference impedance values.

Use the Maize D ata tab to specify amplifier noize information.

Lze the Monlinearity D1 ata tab to specify amplifier nonlinearity information.

[rata interpolation iz used during simulation.

Main Monlinearity Data | Yisualization

Moize type: I Moize figure ﬂ
Muoise figure (dB]: jo
inimurn naize figure [dB): ID
Optimal reflection coefficient: |1

E quivalent nommalized noize resistance: |1

Moise factor: |1

Moize temperature [K]: ID

ak. I Cancel | Help | Apply

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature.

Noise figure (dB)
Scalar ratio, in decibels, of the available signal-to-noise power
ratio at the input to the available signal-to-noise power ratio at
the output, (S,/N)/S /N,). This parameter is enabled if Noise
type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio of the available signal-to-noise power ratio
at the input to the available signal-to-noise power ratio at the
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output, (S,/N)/(S,/N,). This parameter is enabled if Noise type
is set to Spot noise data.

Optimal reflection coefficient
Optimal amplifier source impedance. This parameter is enabled
if Noise type is set to Spot noise data.

Equivalent normalized resistance
Resistance normalized to the resistance used to take the noise
measurement. This parameter is enabled if Noise type is set to
Spot noise data.

Noise factor
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 is enabled if Noise type is set
to Noise factor.

Noise temperature (K)
Equivalent temperature that produces the same amount of noise
power as the amplifier. This parameter is enabled if Noise type
is set to Noise temperature.
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Nonlinearity Data Tab

[TIBlock Parameters: 5-Parameters Amplifier

—5-Pararneters Amplifier
Monlinear amplifier described by frequency-dependent 5-Parameters, noise data, and
nonlinearity data.

Lge the kain tab to specify a 2w2xhd array of S-Parameters, an b-element vector of the
conezponding frequency values and a scalar or M-element vector of the corezponding
reference impedance values.

Lze the Moize D ata tab to specify amplifier noise information.

Use the Manlinearity Data tab to specify amplifier nonlinearity information.

Data interpolation is uzed during simulation.

I Visualization

Main | Moize Data |
IP3 type: | OIP3 |
IF3 [dBm} fint

1dE gain comprezsion power [dBm]:Iinf

Output zaturation power [dBm]: Iinf

QK I Cancel | Help | Apply

IP3 type

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

IP3 (dBm)

Scalar power value of third-order intercept point. Use the default

value, Inf, if the IP3 value is unknown.

1 dB gain compression power (dBm)

Scalar output power value at which gain has decreased by 1
dB. Use the default value, Inf, if the 1 dB compression point is

unknown.
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Output saturation power (dBm)
Scalar output power value the amplifier produces when fully
saturated. The value is only used if 1 dB gain compression
power (dBm) is specified. Use the default value, Inf, if
saturation power is unknown.

Visualization Tab

[TIBlock Parameters: 5-Parameters Amplifier |

— S-Parameters Amplifier

MNorlinear amplifier described by frequency-dependent S-Parameters, noize data, and
nonlinearnity data.

Use the Main tab to specify a 2424h array of 5-Parameters, an M-element vector of the
cormezponding frequency values and a scalar or M-element vector of the corezponding
reference impedance values.

Use the Maize Data tab to specify amplifier noize information.

Use the Monlinearity Data tab to specify amplifier nonlinearity information.

D ata interpolation iz used during simulation.

b ain Moige Data I Monlinearity Data  Visualization

Source of frequency data: ISame ag the e-parameters frequency ;I
Frequency data [Hz): |[1 9e5:1.0e8:2 2e9]

Fieference impedance [ohms): |50

Flot type: IX-Y plane ;I

' parameter]: 511 - Y formatl: Im
' parameters: Iﬁ Y format: lﬁ
 parameter: m # farmat: Hz -

¥ scale: Linear hd K scale: Im

Plat |

] I Cancel | Help | Aoply |

For information about plotting the amplifier parameters, see Chapter
3, “Plotting Model Data”.
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Examples Plotting Parameters with the S-Parameters Amplifier Block

The following example specifies S-parameters [-.33+.71i, -.031; 8.12-.02i,
-.37-.371] and [0.16+.20i, -.03-.041; 7.71-8.041, -.70-.12i] at frequencies
2.0 GHz and 2.1 GHz respectively, with a reference impedance of 50
ohms. The example uses the MATLAB® cat function to create the
2-by-2-by-2 S-parameters array.

cat(3,[-.33+0.71i, -.03i; 8.12-.02i, -.37-.37i],...
[ .16+0.20i, -.03-.04i; 7.71-8.04i, -.70-.12i])

1 Type the following command at the MATLAB prompt to create a
variable called sparams that stores the values of the S-parameters.

sparams = cat(3,...
[-.883+0.71i, -.08i; 8.12-.02i, -.37-.37i],...
[ .16+0.201i, -.03-.041i; 7.71-8.04i, -.70-.121i])

2 Set the S-Parameters Amplifier block parameters on the Main tab
as follows:

* Set the S-Parameters parameter to sparams.

* Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.
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[Z1Block Parameters: 5-Parameters Amplifier

— 5-Parameters Amplifier

Monlinear amplifier dezcribed by frequency-dependent 5-Parameters, noige data, and
nonlinearnity data.

reference impedance values.
Uge the Moize Data tab to specify amplifier noise information.
Use the Maonlinearity Data tab to specify amplifier nonlinearity information.

[ ata interpolation is used during simulation.

Uze the Main tab to specify a 242wk array of S-Parameters, an M-element vectar of the
coresponding frequency values and a scalar or M-element vector of the corezponding

b airy | Moize Data I Monlinearity Data I Wizualization

5-Parameters: Ispalams

Frequency [Hz): |[2.089,2. 1e9]

Reference impedance [ohms): IED

Interpolation method: |Linear

Help.

Ok I Cancel

Apply |

3 Set the S-Parameters Amplifier block parameters on the

Visualization tab as follows:
¢ In the Plot type list, select X-Y plane.
¢ In the Y parameterl list, select S11.
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[Z1Block Parameters: 5-Parameters Amplifier x|

— 5-Parameters Amplifier

Monlinear amplifier dezcribed by frequency-dependent 5-Parameters, noige data, and
nonlinearnity data.

Uze the Main tab to specify a 242wk array of S-Parameters, an M-element vectar of the
coresponding frequency values and a scalar or M-element vector of the corezponding
reference impedance values.

Uge the Moize Data tab to specify amplifier noise information.

Use the Maonlinearity Data tab to specify amplifier nonlinearity information.

[ ata interpolation is used during simulation.

tain Moise Data I Monlinearity Data ~ Visualization |

Source of frequency data: ISame a3 the s-parameters frequency LI
Frequency data [Hz): |[1 .9e9:1.0e8:2.2e9]

Reference impedance [ohms): IED

Flot type: |><-Y plane LI
' parameter]: 511 - Y formatl: lm
‘' parameter2: lﬁ ' farmat2: lﬁ
¥ patameter: m * format: Hz -
Y scale: Linear hd # soale: Im

Plat |

] I Cancel | Help | Apply |

Click Plot. This action creates an X-Y Plane plot of the S ;
parameters using the frequencies taken from the Frequency (Hz)
parameter on the Main tab.
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-} untitled/s-Parameters Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= &0

Magnitude (decibels)

1.9 1.95 2 2.05 2.1 215 2.2 2.25
Freq [GHz]
See Also General Amplifier, Output Port, Y-Parameters Amplifier, Z-Parameters

Amplifier
interp1 (MATLAB)
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Purpose

Library

Description
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5

Model mixer and local oscillator using S-parameters
Mixer sublibrary of the Physical library

The S-Parameters Mixer block models the nonlinear mixer described in
the block dialog box, in terms of its frequency-dependent S-parameters,
the frequencies and reference impedance of the S-parameters, noise
data (including phase noise data), and nonlinearity data.

Network Parameters

The S,, parameter values describe the conversion gain as a function
of frequency, referred to the mixer input frequency. The other
S-parameters also refer to the mixer input frequency.

The S-Parameters Mixer block interpolates the given S-parameters to
determine their values at the modeling frequencies the Output Port
block calculates. For more details about how the Output Port block
calculates the modeling frequencies, see Appendix A, “RF Blockset™
Algorithms”.

RF Blockset™ software computes the reflected wave at the mixer input

(b;) and at the mixer output ( by ) from the interpolated S-parameters as

[bl(ﬁn):|=[sll Sm}{“ﬂfm)]
b2 (fout) S21 822 a2(fout)
where

. fin and fout are the mixer input and output frequencies, respectively.

®* a; and ay are the incident waves at the mixer input and output,
respectively.

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

You can specify active block noise in one of the following ways:

® Spot noise data in the S-Parameters Mixer block dialog box.

* Noise figure, noise factor, or noise temperature value in the
S-Parameters Mixer block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Phase Noise

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

The blockset computes the digital filter by:

1 Interpolating the specified phase noise level to determine the phase
noise values at the modeling frequencies.

2 Taking the IFFT of the resulting phase noise spectrum to get the
coefficients of the FIR filter.

Note If you specify phase noise as a scalar value, the blockset assumes
the phase noise is constant at all modeling frequencies and does not
have a 1/f slope. This assumption differs from that made by the
Mathematical Mixer block.

Nonlinearity

If power data exists in the data source, the block extracts the
AMAM/AMPM nonlinearities from the power data. Power data
determines both IP3 and 1 dB gain compression power.
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5-168

If the data source contains no power data, then you can enter either
OIP3 or ITP3 data as a scalar value for nonlinearity in the S-Parameters
Mixer block dialog box. You can also specify the 1 dB gain compression
power and the output saturation power in the S-Parameters Mixer
block dialog box.

If you do not specify the 1 dB gain compression power, the block ignores
the output saturation power specification. The block computes and adds
the nonlinearity from the OIP3 or IIP3 value by:

1 Converting the specified value into IIP3 (if needed)

2 Using the third-order input intercept point value in dBm to compute
the factor, f, that scales the input signal before the S-Parameters
Mixer block applies the nonlinearity:

) e 3
1IP3(Watts) 10(IIP3(dBm)-30)/10

3 Computing the scaled input signal by multiplying the mixer input
signal by f.

4 Limiting the scaled input signal to a maximum value of 1.

5 Applying an AM/AM conversion to the mixer gain, according to the
following cubic polynomial equation:

3

Fapnrram @ = u—%

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

If you specify the 1 dB gain compression power, the block computes and
adds the nonlinearity to the input signal by:

1 Converting the specified third-order intercept value into OIP3 (if
needed).
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2 Converting the gain, OIP3, and 1dB compression data to linear,
unitless values, normalized to 1 volt and the reference impedance Z,
(which is specified in the data source):

GAIN
Gy =10 10dB
OIP3
OIP3, =1010dBm.1073.Z,
PCOMP

Py =10 10dBm .1073.7,
where

® GAIN is the mixer power gain, which is derived from the network
parameters.

® 0IP3is the output third-order intercept point.
® PCOMP is the output power at the 1 dB compression point.

3 Computing the coefficients of the polynomial,

3 2 4
Faprram(s) = crs+egls| s+essf" s , that determines the AM/AM
conversion for the input signal s:

3
‘i
g =———
201P3,
o = 1 Fo 1001 _1,10-005
> 4P,210%2| OIP3,

4 Computing the input power at which the output saturates, if it is not
specified, according to the following function:
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A _ 3C3 + ﬂ9032 —200105

sat — _1005

This value is the input power above which the block replaces the
AM/AM conversion model with a constant output power value A_,,.

5 Applying the AM/AM conversion to the input signal

.
Dialog Main Tab
Box
X

— S-Parameters Mixer

Monlinear miver described by frequency-dependent S-Parameters. noize data, and
nonlineanity data.

Use the Main tab to specify a 2x2¢M aray of S-Parameters, an M-element vectar of the
corregponding frequency walues and a scalar or M-element vector of the comesponding
reference impedance values.

Use the Moige D ata tab to specify mixer noize information.

Use the Monlinearity D'ata tab to specify mixer nonlinearity information,

D ata interpolation iz used during simulation.

I ain Moize Data I MNorlinearity Data I Yigualization

S-Parameters: I[D,D;1,D]
Frequency [Hz): IZ.DES

Fieference impedance [ohms]: IED

Interpolation method: ILinear ;I
bdixer tupe: IDownconverter ;I
LO frequency [Hz]: ID.SeS

0K I Cancel Help Apply
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S-Parameters
S-parameters for a nonlinear mixer in a 2-by-2-by-M array. M is
the number of S-parameters.

Frequency (Hz)
Frequencies of the S-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
S-parameters in S-Parameters. All frequencies must be positive.
The following figure shows the correspondence between the
S-parameters array and the vector of frequencies.

S-pamameters . _ —
array L - T A
- 12
e -
PR
S11 | S =2
I,
!"" - L]
Sa1 | Sog i _—
JE— | = 1 A
fo

f1

Reference impedance (ohms)
Reference impedance of the S-parameters as a scalar or a vector
of length M. The value of this parameter can be real or complex.
If you provide a scalar value, then that value is applied to all
frequencies.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation
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Mixer Type

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

LO frequency (Hz)

Local oscillator frequency. If you choose Downconverter, the
blockset computes the mixer output frequency, 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.
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Noise Data Tab

E! Block Parameters: S-Parameters Mixer x|

—5-Parameters Mixer
Manlinear mier described by frequency-dependent 5-Parameters, noize data, and
nonlinearity data.

Use the Main tab to specify a 2x2:h array of S5-Parameters, an M-element vector of the
coresponding frequency values and a scalar or M-element vector of the coresponding

reference impedance values.
Use the Maize D ata tab to specify mixer noise information.

Llze the Monlinearity D' ata tab to specify mixer nonlinearity information.

[rata interpolation iz used during simulation.

Monlinearity Data |Visualizati0n |

Main | |

Phaze noize frequency offset [Hz): I[D.1 110100F1e3

Phase noise level [dBc/Hz): I[-?D 120140 -150]

Moize tppe: I Moize figure j
Maise figure [dB]: jo
tinimumm noize figure [dE): ID
Optimal reflection coefficient: |1

Equivalent nommnalized noize resistance: |1

Moige factar: |1

Moise temperature [K): ID

ak. I Cancel | Help | Apply |

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

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

Noise type
Type of noise data. The value can be Noise figure, Spot noise

data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio, in decibels, of the available signal-to-noise power

ratio at the input to the available signal-to-noise power ratio at
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the output, (S,/N)/(S /N ). This parameter is enabled if Noise
type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio of the available signal-to-noise power ratio
at the input to the available signal-to-noise power ratio at the
output, (S,/N)/(S,/N,). This parameter is enabled if Noise type
is set to Spot noise data.

Optimal reflection coefficient
Optimal mixer source impedance. This parameter is enabled if
Noise type is set to Spot noise data.

Equivalent normalized resistance
Resistance normalized to the resistance used to take the noise
measurement. This parameter is enabled if Noise type is set to
Spot noise data.

Noise factor
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 is enabled if Noise type is set
to Noise factor.

Noise temperature (K)
Equivalent temperature that produces the same amount of noise
power as the amplifier. This parameter is enabled if Noise type
is set to Noise temperature.
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Nonlinearity Data Tab

[TIBlock Parameters: 5-Parameters Mixer |

—5-Parameters Miser
Monlinear mixer described by frequency-dependent S-Parameters, noize data, and
nonlinearity data.

Lge the kain tab to specify a 2w2xhd array of S-Parameters, an b-element vector of the
conezponding frequency values and a scalar or M-element vector of the corezponding
reference impedance values.

Llze the Moize D ata tab to specify mizer noize information.
Use the Manlinearity Data tab to specify mixer nonlinearity infarmation.

Data interpolation is uzed during simulation.

Mait | Moise Data I Visualization

IP3 type: | OIP3 |
IF3 [dBm} fint

1dE gain comprezsion power [dBm]:Iinf

Output zaturation power [dBm]: Iinf

QK I Cancel | Help | Apply |

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

intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.

IP3 (dBm)
Scalar power value of third-order intercept point. This parameter

is disabled if the data source contains power data or IP3 data. Use
the default value, Inf, if the IP3 value is unknown.

1 dB gain compression power (dBm)
Scalar output power value at which gain has decreased by 1 dB.

This parameter is disabled if the data source contains power data
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or 1 dB compression point data. Use the default value, Inf, if the
1 dB compression point is unknown.

Output saturation power (dBm)
Scalar output power value the amplifier produces when fully
saturated. This parameter is disabled if the data source contains
output saturation power data. Its value is only used if 1 dB gain
compression power (dBm) is specified. Use the default value,
Inf, if saturation power is unknown.

Visualization Tab

[TJBlock Parameters: 5-Parameters Mixer |

— S-Parameters Mixer

Monlinear miver described by frequency-dependent S-Parameters. noize data, and
nonlineanity data.

Use the Main tab to specify a 2x2¢M aray of S-Parameters, an M-element vectar of the
corregponding frequency walues and a scalar or M-element vector of the comesponding
reference impedance values.

Use the Moige D ata tab to specify mixer noize information.

Use the Monlinearity D'ata tab to specify mixer nonlinearity information,

D ata interpolation iz used during simulation.

[ Muoige Data I Nonlinearity Data  Yisualization

Source of frequency data: ISame az the s-parameters frequency ;I
Frequency data [Hz): I[‘I e9:1e8:2 9e9]

Fieference impedance [ohms]: IED

Flot type: IX-Y plane ;I

Y parameter]: 511 - 't formatl: I agnitude [decibelz] =

' parameters: I - I 't formatz: I - I
* parameter: IFreq - I # format: Hz -
¥ soale: ILinear vi K scale: ILinear vI

Plak |

0K I Cancel | Help | Apply |
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For information about plotting the amplifier parameters, see Chapter
3, “Plotting Model Data”.

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

Description

5-178

Model passive network using S-parameters
Black Box Elements sublibrary of the Physical library

The S-Parameters Passive Network block models the two-port passive
network described in the block dialog box, in terms of its S-parameters
and the frequencies and reference impedance of the S-parameters.

In the S-Parameters field of the block dialog box, provide the
S-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the S-parameters as an
M-element vector. The elements of the vector must be in the same order
as the S-parameters. All frequencies must be positive. For example, the
following figure shows the correspondence between the S-parameters
array and the vector of frequencies.

S-pammeters . - —
array ~\\ __.-"'“ _.-'"&11 __,.g"
- 12
PR
S11 | 512 22
-7 e
,a-"-'.. -
So1 | Ses .
fa_ 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
Dialog Main Tab
Box
x|

S-Parameters Passive Network,

Two-port pazsive network described by the frequency-dependent 5-Parameters [2x2xk
array], the Frequency [vector of length M). and the Reference impedance (scalar or
vector of length k] M iz the number of frequencies.

D ata interpolation iz used during simulation.

Main | Wisualization I

S-Parameters: I[D,D;1 0]
Frequency [Hz]: |2.DeS

Reference impedance [ohms]: IED

Interpolation methad: ILinear LI

] I Cancel Help Aoply

S-Parameters
S-parameters for a two-port passive network in a 2-by-2-by-M

array. M is the number of S-parameters.

Frequency (Hz)
Frequencies of the S-parameters as an M-element vector. The

order of the frequencies must correspond to the order of the
S-parameters in S-Parameters. All frequencies must be positive.

Reference impedance (ohms)
Reference impedance of the network as a scalar or a vector of

length M. The value of this parameter can be real or complex.
If you provide a scalar value, then that value is applied to all

frequencies.
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Interpolation method

The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method

Description

Linear (default)

Linear interpolation

S-Parameters Passive Metwork,

Twio-port pazsive netwark described by the frequency-dependent S-Faramaters [2r2ubd
array). the Frequency [vector of length M), and the Reference impedance [scalar or

Spline Cubic spline interpolation
Cubic Piecewise cubic Hermite
interpolation
Visualization Tab
x

vector of length M), M is the number of frequencies.

[ ata interpolation is used during simulation.

Main  Yisualization |

Source of frequency data:

Frequency data [Hz):

ISame az the s-parameters frequency LI

11.925:1.026:2. 28]

Reference impedance [ohms): ISD

Flot type: |><-Y plane LI
' parameter]: 511 - Y formatl: IMagnitude [decibels] 'l
't parameter?: I VI ' farmat2: I VI
* parameter: IFreq - l # format; Hz -
' scale: Linear hd # scale: ILinear vl
Plat |
] I Cancel | Help | Aoply |

For information about plotting circuit parameters, see Chapter 3,
“Plotting Model Data”.
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Examples

Plotting Parameters with the S-Parameters Passive Network
Block

The following example specifies S-parameters [-.96-.231, .03-.12i;
.03-.12i, -.96-.23i] and [-.96-.11i, .02-.21i; .02-.21i, -.96-.11i] at
frequencies 2.0 GHz and 2.1 GHz respectively. The example then plots
these parameters.

The example first uses the MATLAB® cat function to create the
2-by-2-by-2 S-parameters array.

cat(3,[-.96-.23i, .03-.12i; .03-.12i, -.96-.23i],...
[-.96-.11i, .02-.21i; .02-.21i, -.96-.11i])

You could also use the MATLAB reshape function. The following
command produces the same result as previous command.

reshape([-.96-.231i;.03-.121;.03-.12i;-.96-.231i;...
-.96-.11i;.02-.211;.02-.211i;-.96-.111i],2,2,2)

1 Type the following command at the MATLAB prompt to create a
variable called sparams that stores the values of the S-parameters.

sparams = cat(3,...
[-.96-.23i, .03-.12i; .03-.12i, -.96-.23i],...
[-.96-.11i, .02-.21i; .02-.21i, -.96-.111i])

2 Set the S-Parameters Passive Network block parameters on the
Main tab as follows:

¢ Set the S-Parameters parameter to sparams.

¢ Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.
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[C1Block Parameters: 5-Parameters Passive Networle x|

S-Parameters Pazsive Mebwork,

Two-port pazzive network described by the frequency-dependent S-Parameters [2x2xbd
array). the Frequency [vector of length M), and the Reference impedance [scalar or
vector of length M), M is the number of frequencies.

D ata interpolation is used during simulation.

Main | Visualizationl

5-Parameters: Ispalams
Frequency [Hz): I[2_DeS,2_ 1e9]

Reference impedance [ohms]: IED

Interpolation method: ILinear LI

] I Cancel | Help I Aoply |

3 Set the S-Parameters Passive Network block parameters on the
Visualization tab as follows:

¢ In the Source of frequency data list, select User-specified.

¢ Set the Frequency data (Hz) parameter to
[1.9€9:1.0e8:2.2e9].

¢ In the Y parameterl list, select S21.
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[C1Block Parameters: 5-Parameters Passive Networle

S-Parameters Pazsive Mebwork,

Two-port pazzive network described by the frequency-dependent S-Parameters [2x2xbd
array). the Frequency [vector of length M), and the Reference impedance [scalar or
vector of length M), M is the number of frequencies.

D ata interpolation is used during simulation.

Main  “izualization |

Source of frequency data: IUser-specified

Frequency data [Hz]:

=

JI1.925:1 0e6:2 269]

Reference impedance [ohms]: IED

Flot type: |><-Y plane

‘' parameterl: S - 't farmatl:

¥ parameters:

I hd l ' format2:

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

IMagnitude [decibels] 'l
Hz A

ILinear hd l
Plat |

Ok I Cancel |

Help | Aoply

Click Plot. This action creates an X-Y Plane plot of the magnitude of
the S,; parameters, in decibels, in the frequency range 1.9 to 2.2 GHz.
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<) untitled/S-Parameters Passive Network - |EI|1|
File Edit Wiew Insert Tools Desktop Window Help N

Ded& h|RaM®|(E| 0B 5O

0= &0

Magnitude (decibels)

16,5 | | | | | |
1.9 1.95 2 2.05 21 215 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

_|'_

Dialog
Box

Model series capacitor
Ladders Filters sublibrary of the Physical library

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

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

Main Tab
%]

Series C
’7.& sefies capacitive [C] element.

Main | Visualizationl

Capacitance [F: I‘I e12

ak. I Cancel Help Apply
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Capacitance (F)
Scalar value for the capacitance. The value must be nonnegative.

Visualization Tab

[T]Block Parameters: Series € |

Series C
’7.& series capacitive [C] element.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

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

Plat

:

ak. I Cancel | Help | Apply |

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

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

Description

—nnr—

Dialog
Box

Model series inductor
Ladders Filters sublibrary of the Physical library

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

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

L
Y

Main Tab
%]

Series L
’7.& semies inductive [L] element.

Main | Visualizationl

Inductance [H]: I‘I e

ak. I Cancel Help Apply
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See Also

5-188

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

Visualization Tab

[T]Block Parameters: Series L |

Series L
’7.& zeries inductive [L] element,

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

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

:

Plat

ak. I Cancel | Help | Apply |

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

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

Description

~ A

Dialog
Box

Model series

Ladders Filters sublibrary of the Physical library

resistor

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

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

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

R

— W

Main Tab

E! Block Parameters: Series R

Series B
’VA zenies resistive [R] element.

tain | Visualizationl

Resistance [ohms]: |1

Cancel

Help

Apply
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See Also
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Resistance (ohms)

Scalar value for the resistance. The value must be nonnegative.

Visualization Tab

E! Block Parameters: Series R x|

Sernies R

A series resistive [R] element.

Main  Yisualization |

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

Rieference impedance [ohms]:ISD

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

Plat

:

ok I Cancel |

Help | Apply |

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

General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LL.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC
Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series RLC, Shunt
C, Shunt L, Shunt R, Shunt RLC
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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

z JCw

and @ = 2nf

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

R L C

e
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Dialog Main Tab
Box
x|

— Series RLC

A series combination of resistive [R), inductive [L). and capacitive [C] elements.

Thiz block can madel a combination of any, all, ar none of theze three elements.
Elements will be included or excluded depending upon the specified parameter
valles.

Ta exclude the resistive elemant, set the resistance value ta 0 ohms.
Tao exclude the inductive element, set the inductance value to 0 herries.
To exclude the capacitive element. set the capacitance walue to Inf farads.

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

I air | Visualizationl

Resistance [ohmsz]): |1

Inductance [H): |1 el

Capacitance [F): |1 el2

QK I Cancel Help Apply

Resistance (ohms)
Scalar value for the resistance. The value must be nonnegative.

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

Capacitance (F)
Scalar value for the capacitance. The value must be nonnegative.
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See Also

Visualization Tab

E! Block Parameters: Series RLC |

— Series RLC

A series combination of resistive [R), inductive [L). and capacitive [C] elements.

Thiz block can madel a combination of any, all, ar none of theze three elements.
Elements will be included or excluded depending upon the specified parameter
valles.

Ta exclude the resistive elemant, set the resistance value ta 0 ohms.
Tao exclude the inductive element, set the inductance value to 0 herries.
To exclude the capacitive element. set the capacitance walue to Inf farads.

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

Main  Yisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): |[1 :1.0eb:4e6]

Reference impedance [ohms): I 50

Flot type: IX-Y plane ;I
' parameter: |S2‘I VI ' format: IMagnitude [decibels] Yl

' parameter2: I vl ' format2: I 'l
* parameter: IFleq vl * farmat: IHz VI
Y goale: ILinear vl X goale: ILinear VI

Plat |

QK I Cancel | Help | Apply |

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

“Plotting Model Data”.

General Passive Network, 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 C, Series L, Series R, Shunt C,

Shunt L, Shunt R, Shunt RLC
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Purpose Model shunt capacitor
I.ibrclry Ladders Filters sublibrary of the Physical library

Description The Shunt C block models the shunt capacitor described in the block
dialog box, in terms of its frequency-dependent S-parameters.
L

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

c_1_
Dialog Main Tab
Box

x

Shunt C
’7.& shunt capacitive [C] element.

Main | Visualizationl

Capacitance [F: I‘I e12

ak. I Cancel Help Apply
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|

Capacitance (F)
Scalar value for the capacitance. The value must be nonnegative.

Visualization Tab

[T)Block Parameters: Shunt € |

Shunt C
’7.& shunt capacitive [C] element,

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: 521 | Y formatl: Im
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | xformat  |Hz -
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

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

See Also General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LL.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC
Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series R, Series RLC,
Shunt L, Shunt R, Shunt RLC
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Purpose Model shunt inductor
Library Ladders Filters sublibrary of the Physical library

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

# % * The shunt L object is a two-port network, as shown in the following
circuit diagram.

L
Dialog Main Tab
Box
x

Shunt L
’7.& shunt inductive [L] element.

Main | Visualizationl

Inductance [H]: I‘I e

ak. I Cancel Help Apply
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|

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

Visualization Tab

[T)Block Parameters: Shunt L |

Shunt L
’7.& shunt inductive [L) element.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: 521 | Y formatl: Im
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | xformat  |Hz -
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

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

See Also General Passive Network, LC Bandpass Pi, LC Bandpass Tee, LL.C
Bandstop Pi, LC Bandstop Tee, LC Highpass Pi, LC Highpass Tee, LC
Lowpass Pi, LC Lowpass Tee, Series C, Series L, Series R, Series RLC,
Shunt C, Shunt R, Shunt RLC
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Purpose Model shunt resistor
Library Ladders Filters sublibrary of the Physical library

Description The Shunt R block models the shunt resistor described in the block
dialog box, in terms of its frequency-dependent S-parameters.

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

R
Dialog Main Tab
Box
x

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

Main | Visualizationl

Resistance [ohmsz]: |1

ak. I Cancel Help Apply
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See Also

Resistance (ohms)
Scalar value for the resistance. The value must be nonnegative.

Visualization Tab

[T1Block Parameters: Shunt R |

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

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I :1.0eh:4e6]

Reference impedance [ohms]:ISD

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

Plat |

ak. I Cancel | Help | Apply |

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

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

Description

5-200

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

¥ JLw

and w = Lwf.

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




Shunt RLC

Main Tab

— Shurt RLC

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

Thiz block can madel a combination of any, all, ar none of theze three elements.
Elements will be included or excluded depending upon the specified parameter
valles.

Ta exclude the resistive elament, et the resistance value ta Inf ohms.
Tao exclude the inductive element, set the inductance value to Inf herries.
To exclude the capacitive element. set the capacitance walue to O farads.

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

I air | Visualizationl

Resistance [ohmsz]): |1

Inductance [H): |1 el

Capacitance [F): |1 el2

QK I Cancel Help Apply

Resistance (ohms)

Scalar value for the resistance. The value must be nonnegative.

Inductance (H)

Scalar value for the inductance. The value must be nonnegative.

Capacitance (F)

Scalar value for the capacitance. The value must be nonnegative.
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Visualization Tab

E! Block Parameters: Shunt RLC |

— Shurt RLC

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

Thiz block can madel a combination of any, all, ar none of theze three elements.
Elements will be included or excluded depending upon the specified parameter
valles.

Ta exclude the resistive elament, et the resistance value ta Inf ohms.
Tao exclude the inductive element, set the inductance value to Inf herries.
To exclude the capacitive element. set the capacitance walue to O farads.

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

Main  Yisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): |[1 :1.0eb:4e6]

Reference impedance [ohms): I 50

Flot type: IX-Y plane ;I
' parameter: IS 21 LI ' format: IM agnitude [decibels] LI
' parameter2: I ;I ' format2: I LI
* parameter: IFleq LI * farmat: IH z LI
Y goale: ILinear LI X goale: ILinear ;I

Plat

‘

QK I Cancel | Help | Apply |

For information about plotting the filter parameters, 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 C, Series L, Series R, Series RLC,
Shunt C, Shunt L, Shunt R
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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 first calculates the ABCD-parameters at each frequency
contained in the modeling frequencies vector. It then uses the abcd2s
function to convert the ABCD-parameters to S-parameters.

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

kd —kd
A:e +e
2
ZO*(ekd —kd)
B:
2
kd _ _—kd
C:€ *e
2'Z0
kd —kd
D=e +e
2

Z,is the specified characteristic impedance. & is a vector whose elements
correspond to the elements of f, a vector of modeling frequencies.
The block calculates % from the specified parameters as & = o, + i
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where =, is the attenuation coefficient and P is the wave number. The
attenuation coefficient @, is related to the specified loss, g, by

=
o = -Ini0 *

and the wave number P is related to the specified phase velocity, V,, by
_ 2nf
P = V
r

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



Transmission Line

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

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to

Series, the two-port network consists of a series transmission line

that you can terminate with either a short circuit or an open circuit
as shown here.

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

o Ll o sl

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

for the series stub are calculated as

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

5-206

Main Tab
£

" Transmission Line

Model a transmission line.

Main | Visualizationl

Characteristic impedance [ohms]: ISD

Phaze velocity [mds]: |289?92458

Loss (dB./m) jo

Frequency [Hz]: I'I ed

Interpolation method: ILinear LI
Tranzmigzion line length [m]: ID. iy

Stub mode: INot a stub LI
Termination of stub: IDpen LI

QK I Cancel | Help | Apply

Characteristic impedance (ochms)
Characteristic impedance of the transmission line. The value can
be complex.

Phase velocity (m/s)
Propagation velocity of a uniform plane wave on the transmission
line.

Loss (dB/m)
Reduction in strength of the signal as it travels over the
transmission line. Must be positive.

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

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



Transmission Line

References

See Also

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

Visualization Tab

[T]Block Parameters: Transmission Line |

" Transmission Line

Madel a tranzmission line.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I e9:1.0ek:3e9)

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: 521 | formatl: |Angle [degrees) -
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | format: lm
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

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

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

Coaxial Transmission Line, Coplanar Waveguide Transmission Line,
General Passive Network, Microstrip Transmission Line, Parallel-Plate
Transmission Line, Two-Wire Transmission Line
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Purpose Model two-wire transmission line
Librclry Transmission Lines sublibrary of the Physical library
Description The Two-Wire Transmission Line block models the two-wire
transmission line described in the block dialog box in terms of
@ " its frequency-dependent S-parameters. A two-wire transmission
Tuo-Wire line is shown in cross-section in the following figure. Its physical

characteristics include the radius of the wires a, the separation

or physical distance between the wire centers S, and the relative
permittivity and permeability of the wires. RF Blockset™ software
assumes the relative permittivity and permeability are uniform.

Wires

~<+———— Dielectric

A

S |

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

Stubless Transmission Line

If you model a two-wire transmission line as a stubless line,

the Two-Wire Transmission Line block first calculates the
ABCD-parameters at each frequency contained in the modeling
frequencies vector. It then uses the abcd2s function to convert the
ABCD-parameters to S-parameters.
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The block calculates the ABCD-parameters using the physical length
of the transmission line, d, and the complex propagation constant, %,
using the following equations:

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

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

R + j2nfL
ZO =ul A o o~
G+ j2nfC

b=k +jk = JIR+ j2xfL)(G + jinfC)

r

where
1

E = T O, g0

L= Eacosh(gj
n 2a

G - ™ diel
acosh(D/(2a)

f — =
acosh(D/ (2a7)
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In these equations, “cand is the conductivity in the conductor and © diel is

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

g is its permittivity, and skin depth & is calculated as 1':4 nf] HSeond, 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.

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



Two-Wire Transmission Line

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

Series ABCD-Parameters

When you set the Stub mode parameter in the mask dialog box to

Series, the two-port network consists of a series transmission line

that you can terminate with either a short circuit or an open circuit
as shown here.

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

L= 0 L=, 0

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

A=1
B=2Z,
=10
D=1
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Dialog Main Tab
Box
zl
Twowire Transmission Lin
’7 Model & two-wire kransmizsion line.
Yisualization |
‘wire radius [m]: ID.E?eG
‘wire separation [m): |1 BZe-3
Relative permeability constant: |1
Relative permittivity constant: |2.3
Conductivity in conductor [5/m]: Iinf
Conductivity in dilectric [S/m): IU
Tranzmigzion line length [m): ID.Eﬂ
Stub mode: I Mot a stub LI
Termination of gtub: I Open ;I
ak I Cancel | Help | Apply |

Wire radius (m)

Radius of the conducting wires of the two-wire transmission line.

Wire separation (m)
Physical distance between the wires.

Relative permeability constant

Relative permeability of the dielectric expressed as the ratio of the
permeability of the dielectric to permeability in free space 0.

Relative permittivity constant

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

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.
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References

See Also

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

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

Visualization Tab

E! Block Parameters: Two-Wire Transmission Line |

Twowire Transmiszion Line
’7 Maodel a two-wire transmission line.

Main  Wisualization |

Source of frequency data: IUser-specified LI
Frequency data [Hz): I[‘I e9:1.0ek:3e9)

Reference impedance [ohms]:ISD

Flot type: IX-Y plane ;I
Y parameter]: 521 | formatl: |Angle [degrees) -
' parameters: Iﬁ  formatz: lﬁ
* parameter. Freq | xformat  |Hz -
Y zcale: lm  zcale: lm

Plat |

ak. I Cancel | Help | Apply |

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

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

Coaxial Transmission Line, Coplanar Waveguide Transmission Line,
General Passive Network, Transmission Line, Microstrip Transmission
Line, Parallel-Plate Transmission Line
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Purpose

Library

Description

5-214

Y-Pamameate s
Amplifier

Model nonlinear amplifier using Y-parameters
Amplifiers sublibrary of the Physical library

The Y-Parameters Amplifier block models the nonlinear amplifier
described in the block dialog box, in terms of its frequency-dependent,
the frequencies of the Y-parameters, noise data, and nonlinearity data

Network Parameters

In the Y-Parameters field of the block dialog box, provide the
Y-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the Y-parameters as an
M-element vector. The elements of the frequencies vector must be in
the same order as the Y-parameters. All frequencies must be positive.
For example, the following figure shows the correspondence between
the Y-parameters array and the vector of frequencies.

¥ pomamete s ) _ —
array \ ..-'#‘F ..-F.-.{r:'l "1?;2
Yy1 | Yie | Yoz
I s

- ™

01 | 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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Nonlinearity

You can enter either OIP3 or ITP3 data as a scalar value for nonlinearity
in the Y-Parameters Amplifier block dialog box. You can also specify the
1 dB gain compression power and the output saturation power in the
Y-Parameters Amplifier block dialog box.

If you do not specify the 1 dB gain compression power, the block ignores
the output saturation power specification. The block computes and adds
the nonlinearity from the OIP3 or IIP3 value by:

1 Converting the specified value into IIP3 (if needed)

2 Using the third-order input intercept point value in dBm to compute
the factor, f, that scales the input signal before the Y-Parameters
Amplifier block applies the nonlinearity:

3 3
f= \/ 1IP3 (Watts) \/ 10(TIP3(dBm)-30)/10
3 Computing the scaled input signal by multiplying the amplifier input
signal by f.
4 Limiting the scaled input signal to a maximum value of 1.

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

3
Fapnrram @ = u—%

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

If you specify the 1 dB gain compression power, the block computes and
adds the nonlinearity to the input signal by:
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1 Converting the specified third-order intercept value into OIP3 (if
needed).

2 Converting the gain, OIP3, and 1dB compression data to linear,
unitless values, normalized to 1 volt and the reference impedance Z,
(which is specified in the block dialog box):

GAIN
Gy =10 10dB
OIP3
OIP3, =1010dBm.1073.Z,
PCOMP

Py =10 10dBm .1073.7,
where

® GAIN is the amplifier power gain, which is derived from the
Y-parameters.

® 0IP3is the output third-order intercept point.

® PCOMP is the output power at the 1 dB compression point.
3 Computing the coefficients of the polynomial,

3 2 4
Famram(@® =as+egls| s+eslsl" s , that determines the AM/AM
conversion for the input signal s:

3
ci
g =——"
20IP3,
5
o= o 100114107095
> 4P,210%2| OIP3,

4 Computing the input power at which the output saturates, if it is not
specified, according to the following function:
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3C3 + ﬂ9032 - 20(3105
Asat = \/

—1005

This value is the input power above which the block replaces the
AM/AM conversion model with a constant output power value A_,,.

5 Applying the AM/AM conversion to the input signal

Active Noise

You can specify active block noise in one of the following ways:

® Spot noise data in the Y-Parameters Amplifier block dialog box.

* Noise figure, noise factor, or noise temperature value in the
Y-Parameters Amplifier block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.
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L
Dialog Main Tab
Box
x

—T-Parameters Amplifier

Manlinear amplifier described by frequency-dependent v'-Parameters, noize data, and
honlinearity data.

Use the kain tab to specify a 2424k array of Y-Parameters and an M-element vector of
the corresponding frequency values.

Lze the Moize D ata tab to specify amplifier noise information.
Use the Manlinearity Data tab to specify amplifier nonlinearity information.

Data interpolation is uzed during simulation.

/ INoise [rata | Monlinearity Data | YYizualization

-Parameters: I[D.DEDD,D;-D.D4DD, 0.0200]
Frequency [Hz): |2.De9

Interpolation method: I Linear LI

ak. I Cancel | Help | Apply |

Y-Parameters

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

Frequency (Hz)
Frequencies of the Y-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Y-parameters in Y-Parameters. All frequencies must be positive.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.
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Method
Linear (default)

Description

Linear interpolation

Spline Cubic spline interpolation
Cubic Piecewise cubic Hermite
interpolation
Noise Data Tab
zl

—1-Parameters Amplifier

nonlinearity data.

the coresponding frequency values.

Use the Moise D ata tab to specify amplifier noise information.

Data interpolation is used during simulation.

Monlinear amplifier described by frequency-dependent ¥-Parameters, noize data, and

Use the Main tab to specify a 2424hd array of ¥-Parameters and an M-element vector of

Lze the Monlinearity D ata tab to specify amplifier nanlinearity infarmation.

I ain Monlinearity Data | Wigualization
Maize tupe: I Moize figure ;I
Moise figure (dB): jo
tinimumm noize figure [dE): ID
Optimal reflection coefficient: |1
Equivalent nommnalized noize resistance: |1
Moige factar: |1
Moise temperature [K): ID
QK I Cancel | Help | Apply

Noise type

Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature.
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Noise figure (dB)
Scalar ratio, in decibels, of the available signal-to-noise power
ratio at the input to the available signal-to-noise power ratio at
the output, (S,/N)/(S /N,). This parameter is enabled if Noise
type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio of the available signal-to-noise power ratio
at the input to the available signal-to-noise power ratio at the
output, (S,/N)/(S,/N,). This parameter is enabled if Noise type
is set to Spot noise data.

Optimal reflection coefficient
Optimal amplifier source impedance. This parameter is enabled
if Noise type is set to Spot noise data.

Equivalent normalized resistance
Resistance normalized to the resistance used to take the noise
measurement. This parameter is enabled if Noise type is set to
Spot noise data.

Noise factor
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 is enabled if Noise type is set
to Noise factor.

Noise temperature (K)
Equivalent temperature that produces the same amount of noise
power as the amplifier. This parameter is enabled if Noise type
is set to Noise temperature.
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Nonlinearity Data Tab

[C1Block Parameters: ¥-Parameters Amplifier |

—T-Parameters Amplifier

Monlinear amplifier described by frequency-dependent v-Parameters, noise data, and
nonlinearity data.

Lze the kain tab to specify a 2x2xhd array of Y-Parameters and an k-element vector of
the comesponding frequency values.

Uze the Moize D ata tab to specify amplifier noise infarmation.
Use the Monlinearity D'ata tab to specify amplifier nonlinearity information.

Data interpolation iz used during simulation.

I Visualization

Main | Moize Data |
IP3 type: | DIP3 =l
IP3 [dBm]: Jint

1dB gain compression power [dBm]:Iinf

Output zaturation power [dBm): Iinf

ak. I Cancel | Help | Apply |

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

intercept point) or 0IP3 (output intercept point).

IP3 (dBm)
Scalar power value of third-order intercept point. Use the default

value, Inf, if the IP3 value is unknown.

1 dB gain compression power (dBm)
Scalar output power value at which gain has decreased by 1
dB. Use the default value, Inf, if the 1 dB compression point is

unknown.
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Output saturation power (dBm)
Scalar output power value the amplifier produces when fully
saturated. The value is only used if 1 dB gain compression
power (dBm) is specified. Use the default value, Inf, if
saturation power is unknown.

Visualization Tab

E! Block Parameters: Y-Parameters Amplifier |

— "r-Parameters Amplifier

Monlinear amplifier described by frequency-dependent v-Parameters, noise data, and
nonlinearity data.

Uge the kain tab to specify a 2u2ukd array of v-Parameters and an M-element vectar of
the comesponding frequency values.

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

D ata interpolation iz used during simulation.

Main | Moise Data I Morlinearity Data  Visualization |

Source of frequency data: ISame a3 the p-parameters frequency LI
Frequency data [Hz): |[1 .9e9:1.0e8:2.2e9]
Reference impedance [ohms): IED

Plat tupe: |><-Y plane ;I

' parameter]: 511 - Y formatl: IMagnitude [decibels] vl
' parameters: I - l Y format: I - l

 parameter. Freq - * format; Hz -

' seale: Linear - R scale: ILinear VI

] I Cancel | Help | Apply |

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

Plotting Parameters with the Y-Parameters Amplifier Block

The following example specifies Y-parameters [-.06+.581, -.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+.581i, -.08i; 1.14-1.82i, -.07+.28i],...
[ .02-.21i, 0.03i; -.21+.72i, .03-.11i])

1 Type the following command at the MATLAB prompt to create a
variable called yparams that stores the values of the Y-parameters.

yparams = cat(3,...
[-.06+.581, -.08i; 1.14-1.821i, -.07+.28i],...
[ .02-.21i, 0.03i; -.21+.72i, .03-.11i])

2 Set the Y-Parameters Amplifier block parameters on the Main tab
as follows:

® Set the Y-Parameters parameter to yparams.

* Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.
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[C1Block Parameters: ¥-Parameters Amplifier |

—T-Parameters Amplifier
Monlinear amplifier described by frequency-dependent v-Parameters, noise data, and

nonlinearity data.

Lze the kain tab to specify a 2x2xhd array of Y-Parameters and an k-element vector of
the comesponding frequency values.

Uze the Moize D ata tab to specify amplifier noise infarmation.
Use the Monlinearity D'ata tab to specify amplifier nonlinearity information.

Data interpolation iz used during simulation.

Main INoise Data | Monlinearity Data | Visualization

‘r-Parameters: Iyparams
Frequency [Hz): |[2.|389,2.1 ed]
Interpolation method:l Lirear LI
Apply |

ak I Cancel

3 Set the Y-Parameters Amplifier block parameters on the
Visualization tab as follows:

¢ In the Source of frequency data list, select User-specified.

¢ Set the Frequency data (Hz) parameter to
[1.8€9:1.0e8:2.3e9].

* In the Plot type list, select X-Y plane.

¢ In the Y parameterl list, select S11.
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[Z1Block Parameters: Y-Parameters Amplifier

— "r-Parameters Amplifier

nonlinearnity data.

the comesponding frequency values.

Use the Maize Data tab to specify amplifier noize information.

D ata interpolation iz used during simulation.

Monlinear amplifier dezcribed by frequency-dependent v'-Parameters, noize data, and

Uze the Main tab to specify a 242wk array of -Parameters and an M-glement vectar of

Usge the Monlinearity Data tab to specify amplifier nonlinearity information.

Main | Moise Data I Morlinearity Data  Vizsualization

Source of frequency data: IUser-specified LI
Frequency data [Hz): |[1 .8e8:1.0e8:2 3e4]

Reference impedance [ohms]: ISD

Plat type: IX-Y plane LI

't parameterl: 1 - ' farmatl: IW

' parameterd: I VI Y format:
¥ parameter: IFreq vl # format;

Y scals: Linear > | X scale

Ok I Cancel |

Help | Aoply |

Click Plot. This action creates an X-Y Plane plot of the S ;

parameters in the frequency range

1.8 to 2.3 GHz.
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-} untitled;¥-Parameters Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= &0
-2

Magnitude (decibels)
i

4.5
-5
5.5
6 | | | | I I
1.8 1.9 2 2.1 2.2 2.3 2.4 2.8
Freq [GHz]
See Also General Amplifier, Output Port, S-Parameters Amplifier, Z-Parameters
Amplifier

y2s (RF Toolbox)
interp1 (MATLAB)
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Purpose

Library

Description

&

-

&

Model mixer and local oscillator using Y-parameters
Mixer sublibrary of the Physical library

The Y-Parameters Mixer block models the nonlinear mixer described in
the block dialog box in terms of its frequency-dependent Y-parameters,
the frequencies of the Y-parameters, noise data (including phase noise
data), and nonlinearity data.

Network Parameters
The Y-parameter values all refer to the mixer input frequency.

The Y-Parameters Mixer block uses the RF Toolbox™ y2s function
to convert the Y-parameters to S-parameters and then interpolates
the resulting S-parameters to determine their values at the modeling
frequencies. The modeling frequencies are determined by the Output
Port block. See Appendix A, “RF Blockset™ Algorithms” for more
details.

RF Blockset™ software computes the reflected wave at the mixer input

(b;) and at the mixer output ( by ) from the interpolated S-parameters as

|:b1(fin):|:[sll 312}[%(}%)]
bo(four)| [Sa1 Sag || ao(four)
where

. fin and fout are the mixer input and output frequencies, respectively.

®* a; and ay are the incident waves at the mixer input and output,
respectively.

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

Active Noise

You can specify active block noise in one of the following ways:
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5-228

® Spot noise data in the Y-Parameters Mixer block dialog box.

* Noise figure, noise factor, or noise temperature value in the
Y-Parameters Mixer block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Phase Noise

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

The blockset computes the digital filter by:

1 Interpolating the specified phase noise level to determine the phase
noise values at the modeling frequencies.

2 Taking the IFFT of the resulting phase noise spectrum to get the
coefficients of the FIR filter.

Note If you specify phase noise as a scalar value, the blockset assumes
the phase noise is constant at all modeling frequencies and does not
have a 1/f slope. This assumption differs from that made by the
Mathematical Mixer block.

Nonlinearity

If power data exists in the data source, the block extracts the
AMAM/AMPM nonlinearities from the power data. Power data
determines both IP3 and 1 dB gain compression power.

If the data source contains no power data, then you can enter either
OIP3 or IIP3 data as a scalar value for nonlinearity in the Y-Parameters
Mixer block dialog box. You can also specify the 1 dB gain compression



Y-Parameters Mixer

power and the output saturation power in the Y-Parameters Mixer
block dialog box.

If you do not specify the 1 dB gain compression power, the block ignores
the output saturation power specification. The block computes and adds
the nonlinearity from the OIP3 or IIP3 value by:

1 Converting the specified value into IIP3 (if needed)

2 Using the third-order input intercept point value in dBm to compute
the factor, f, that scales the input signal before the Y-Parameters
Mixer block applies the nonlinearity:

e . S 8
1IP3(Watts) 10(IIP3(dBm)-30)/10

3 Computing the scaled input signal by multiplying the mixer input
signal by f.

4 Limiting the scaled input signal to a maximum value of 1.

5 Applying an AM/AM conversion to the mixer gain, according to the
following cubic polynomial equation:

3

Fapram@ = u—%

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

If you specify the 1 dB gain compression power, the block computes and
adds the nonlinearity to the input signal by:

1 Converting the specified third-order intercept value into OIP3 (if
needed).

5-229



Y-Parameters Mixer

2 Converting the gain, OIP3, and 1dB compression data to linear,
unitless values, normalized to 1 volt and the reference impedance Z,
(which is specified in the data source):

GAIN
Gy =10 10dB
OIP3
OIP3, =1010dBm.1073.Z,
PCOMP

Py =10 10dBm .1073.7,
where

® GAIN is the mixer power gain, which is derived from the network
parameters.

® 0IP3is the output third-order intercept point.
® PCOMP is the output power at the 1 dB compression point.

3 Computing the coefficients of the polynomial,

3 2 4
Faprram(s) = crs+egls| s +essf" s , that determines the AM/AM
conversion for the input signal s:

3
‘i
g =———
201P3,
o = 1 Fo 1001 _1,10-005
> 4P,210%2| OIP3,

4 Computing the input power at which the output saturates, if it is not
specified, according to the following function:
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A _ 3C3 + ﬂ9032 —200105

sat — _1005

This value is the input power above which the block replaces the
AM/AM conversion model with a constant output power value A_,,.

5 Applying the AM/AM conversion to the input signal

.
Dialog Main Tab
Box
x|

—1-Parameters Mixer

Monlinear mixer described by frequency-dependent v-Farameters, noize data. and
nonlinearity data.

Lze the Main tab to specify a 2w2xk array of -Parameters and an M-element vector of
the comesponding frequency values.

Use the Maize D ata tab to specify mixer noise information.

Llze the Monlinearity D' ata tab to specify mixer nonlinearity information.

[rata interpolation iz used during simulation.

I Moise Data | Monlinearity Data | Yisualization

‘r-Parameters: I[D.DZDD,D;-D.DdDD, 0.0200]
Frequency [Hz): I2.DeS

Interpolation method:l Lirear

Mixer tupe: I Dawncaryertar

L0 frequency [Hz): ID.SeS

Led el

ak. I Cancel | Help | Apply |

Y-Parameters

Y-parameters for a nonlinear mixer in a 2-by-2-by-M array. M
is the number of Y-parameters.
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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 parameters . - —
array — LI Ll A PR
— —
Y1 | Yoo A" Yoo
R
Yo1 | Yoo at ‘
[ fa——— Fequendes

f1

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description
Linear (default) Linear interpolation
Spline Cubic spline interpolation
Cubic Piecewise cubic Hermite
interpolation
Mixer Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

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

Blockset software computes the mixer output frequency, f.,,
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from the mixer input frequency, fin, and the local oscillator

frequency, f|0, as Mout
out :'n+f!n.

= fin—Flo. If you choose Upconverter,

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.

Noise Data Tab

C1Block Parameters: Y-Parameters Mixer

—T-Parameters Miser

nonlinearity data.

the comesponding frequency values.

Lze the Moize D ata tab to specify miser naize information.

Data interpolation iz used during simulation.

Monlinear mizer described by frequency-dependent v-Parameters, noise data, and

Lze the kain tab to specify a 2x2xhd array of Y-Parameters and an k-element vector of

Lse the Monlinearity D'ata tab to specify mizer nonlinearity information.

Main | Monlinearity Data |Visualizati0n |

Phaze noize frequency offset [Hz): I[D.1 110100F1e3

Phase noise level [dBc/Hz): I[-?D 120140 -150]

Maize tupe: I Moize figure
Moise figure (dB): jo
tinimumm noize figure [dE): ID
Optimal reflection coefficient: |1

Equivalent nommnalized noize resistance: |1

Moige factar: |1

Moise temperature [K): ID

Cancel |

o]

Help

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

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

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio, in decibels, of the available signal-to-noise power
ratio at the input to the available signal-to-noise power ratio at
the output, (S,/N)/(S /N ). This parameter is enabled if Noise
type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio of the available signal-to-noise power ratio
at the input to the available signal-to-noise power ratio at the
output, (S,/N)/(S,/N,). This parameter is enabled if Noise type
is set to Spot noise data.

Optimal reflection coefficient
Optimal mixer source impedance. This parameter is enabled if
Noise type is set to Spot noise data.

Equivalent normalized resistance
Resistance normalized to the resistance used to take the noise
measurement. This parameter is enabled if Noise type is set to
Spot noise data.

Noise factor
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 is enabled if Noise type is set
to Noise factor.
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Noise temperature (K)
Equivalent temperature that produces the same amount of noise

power as the amplifier. This parameter is enabled if Noise type
is set to Noise temperature.

Nonlinearity Data Tab

E! Block Parameters: Y-Parameters Mixer x|

—T-Parameters Mixer

Manlinear mizer described by frequency-dependent v'-Parameters, noize data, and
honlinearity data.

Use the kain tab to specify a 2424k array of Y-Parameters and an M-element vector of
the corresponding frequency values.

Llze the Moize D ata tab to specify mizer noize information.
Use the Manlinearity Data tab to specify mixer nonlinearity infarmation.

Data interpolation is uzed during simulation.

Mait | Moise Data | I Visualization

IP3 type: | OIP3 |
IP3 [dBim} Jint

1dE gain comprezsion power [dBm]:Iinf

Output saturation power [dBm): Iinf

ak. I Cancel | Help | Apply |

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

intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.
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IP3 (dBm)
Scalar power value of third-order intercept point. This parameter
is disabled if the data source contains power data or IP3 data. Use
the default value, Inf, if the IP3 value is unknown.

1 dB gain compression power (dBm)
Scalar output power value at which gain has decreased by 1 dB.
This parameter is disabled if the data source contains power data
or 1 dB compression point data. Use the default value, Inf, if the
1 dB compression point is unknown.

Output saturation power (dBm)
Scalar output power value the amplifier produces when fully
saturated. This parameter is disabled if the data source contains
output saturation power data. Its value is only used if 1 dB gain
compression power (dBm) is specified. Use the default value,
Inf, if saturation power is unknown.
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Visualization Tab

E! Block Parameters: Y-Parameters Mixer

— -Parameters Mixer

nonlinearity data.

corresponding frequency values.

D ata interpolation iz used during simulation.

Uze the Moize Data tab to specify miker noize infarmatian.

Monlinear mizer described by frequency-dependent v-Parameters, noise data, and

Usge the kain tab to zpecify a 2x2«b aray of r-Parameters and an bd-element vector of the

Use the Monlinearity D'ata tab to specify mixer nonlinearity information.

I ain Moize Data I MNorlinearity Data

Yisualization

Source of frequency data: ISame az the y-parameters frequency

=

Frequency data [Hz): I[‘I e9:1e8:2 9e9]

Fieference impedance [ohms]: IED

Flat type: IX-Y plane j

Y parameter]: 511 - 't formatl: IMagnitude [decibels] vI

Y parameters: I - I 't formatz: I -* I

* parameter: Freq - # format; Hz -

Y zcale: ILinear VI * scale: ILinear vI
Plat |

ak. I Cancel | Help | Apply |

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

“Plotting Model Data”.

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

Description

5-238

Model passive network using Y-parameters
Black Box Elements sublibrary of the Physical library

The Y-Parameters Passive Network block models the two-port passive
network described in the block dialog box, in terms of its Y-parameters
and their associated frequencies.

In the Y-Parameters field of the block dialog box, provide the
Y-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the Y-parameters as an
M-element vector. The elements of the vector must be in the same order
as the Y-parameters. All frequencies must be positive. For example, the
following figure shows the correspondence between the Y-parameters
array and the vector of frequencies.

Y poramete s . _ —
urray \ ..-'#* ..-"‘I‘T-H 'T{E
Yy | Yo | Yoz
I 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.
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L
Dialog Main Tab
Box

“r-Parameters Passive Network

Two-port passive network. described by the frequency-dependent 'v-Parameters [222xh
array). and the Frequency [vectar of length M), M iz the number of frequencies.

Data interpolation is used during simulation.

air IVisuaIization I

‘-Parameters: I[D.D2DD,D;-D.D4DD, 0.0200]
Frequency [Hz]: IZ.DES

Interpolation method: I Linear LI

QK I Cancel | Help | Apply |

Y-Parameters

Y-parameters for a two-port passive network in a 2-by-2-by-M
array. M is the number of Y-parameters.

Frequency (Hz)
Frequencies of the Y-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Y-parameters in Y-Parameters. All frequencies must be positive.
Interpolation method

The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method
Linear (default)

Description

Linear interpolation
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Method Description

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation

Visualization Tab

E! Block Parameters: Y-Parameters Passive Netwo ﬂ

“r-Parameters Passive Network

Two-port passive netwark. described by the frequency-dependent 'v-Parameters [2x2xh
array). and the Frequency [vectar of length M). M iz the number of frequencies.

D ata interpolation is used during simulation.

Main  “izuslization |

Source of frequency data; ISame az the y-parameters frequency LI

Frequency data [Hz]: |[1 9e9:1.0e6:2.229]

Reference impedance [ohms]: IED

Flot type: |><-Y plane LI
‘' parameterl: Im 't farmatl: W
't parameter?: lﬁ ' farmat2: lﬁ
* parameter: m # format; Hz -
' scale: m # scale: lm

] I Cancel | Help | Apply |

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

Examples Plotting Parameters with the Y-Parameters Passive Network
Block

The following example specifies Y-parameters [.231, -.12i; -.12i, .23i]
and [.02-.13i, -.02+.25i; -.02+.251, .02-.13i] at frequencies 2.0 GHz and
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2.1 GHz respectively. It uses the MATLAB® cat function to create the
2-by-2-by-2 Y-parameters array.

cat(3,[.231i,-.12i;-.121,.23i],...
[.02-.131,-.02+.25i;-.02+.251, .02-.13i])

1 Type the following command at the MATLAB prompt to create a
variable called yparams that stores the values of the Y-parameters.

yparams = cat(3,[.231i,-.12i;-.12i,.231i],...
[.02-.131i,-.02+.251;-.02+.251, .02-.131i])

2 Set the Y-Parameters Passive Network block parameters on the
Main tab as follows:

* Set the Y-Parameters parameter to yparams.
* Set the Frequency (Hz) parameter to [2.0e9,2.1e9].
Click Apply. This action applies the specified settings.

E! Block Parameters: Y-Parameters Passive Netwa

x|

“r-Parameters Passive MNetwork

Two-port pagsive network described by the frequency-dependent v-Parameters

[242%M array], and the Frequency [wectar of length M]. M iz the number of
frequencies.

[rata interpolation is uged during simulation.

I YWisualization |
*r-Parameters: Iyparams
Frequency [Hz]: |[2.DES,2.1 ed]
Interpolation method:l Linear LI
QK I Cancel Help Apply

5-241



Y-Parameters Passive Network

5-242

3 Set the Y-Parameters Passive Network block parameters on the
Visualization tab as follows:

¢ In the Source of frequency data list, select User-specified.

¢ Set the Frequency data (Hz) parameter to
[1.9€9:1.0e8:2.2e9].

® In the Plot type list, select Polar plane.

[C1Block Parameters: Y-Parameters Passive Networle x|

-Parameters Passive Metwork:

Twio-port pazzive network described by the frequency-dependent 'v-Parameters [2x2xkd
array). and the Frequency [vector of length M), M is the number of frequencies.

D ata interpalation is used during simulation.

Main  Yisualization |

Source of frequency data: IUser-specified ;I
Frequency data [Hz): |[1 9e5:1.0e8:2 2e9]

Fieference impedance [ohms): |50

Flat type: IF'DIar plane LI
' parameterl: Im Y formatl: W
' parameters: Iﬁ Y format: lﬁ
 parameter. m * format; Hz -

't scale: lm * zcale: lm

Flat |

QK. I Cancel | Help | Apply |

Click Plot. This action creates a polar plane plot of the S,
parameters in the frequency range 1.9 to 2.2 GHz.
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<) untitled;¥-Parameters Passive Network - |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
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Z-Paramaters
Amplifier

Model nonlinear amplifier using Z-parameters
Amplifiers sublibrary of the Physical library

The Z-Parameters Amplifier block models the nonlinear amplifier
described in the block dialog box, in terms of its frequency-dependent
Z-parameters, the frequencies of the Z-parameters, noise data, and
nonlinearity data

Network Parameters

In the Z-Parameters field of the block dialog box, provide the
Z-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the Z-parameters as an
M-element vector. The elements of the frequencies vector must be in
the same order as the Z-parameters. All frequencies must be positive.
For example, the following figure shows the correspondence between
the Z-parameters array and the vector of frequencies.

I-pamameters . _ -
RN 8 Ty
—= —
Zyy | Zy2 1 2
IR s
Loy | Zag -t ‘
% Ffo_ Frequendies

f1

The Z-Parameters Amplifier block uses the RF Toolbox™ z2s function
to convert the Z-parameters to S-parameters, and then interpolates
the resulting S-parameters to determine their values at the modeling
frequencies. The modeling frequencies are determined by the Output
Port block. See Appendix A, “RF Blockset™ Algorithms” for more
details.
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Nonlinearity

You can enter either OIP3 or ITP3 data as a scalar value for nonlinearity
in the Z-Parameters Amplifier block dialog box. You can also specify the
1 dB gain compression power and the output saturation power in the
Z-Parameters Amplifier block dialog box.

If you do not specify the 1 dB gain compression power, the block ignores
the output saturation power specification. The block computes and adds
the nonlinearity from the OIP3 or IIP3 value by:

1 Converting the specified value into IIP3 (if needed)

2 Using the third-order input intercept point value in dBm to compute
the factor, f, that scales the input signal before the Z-Parameters
Amplifier block applies the nonlinearity:

3 3
f= \/ 1IP3 (Watts) \/ 10(TIP3(dBm)-30)/10
3 Computing the scaled input signal by multiplying the amplifier input
signal by f.
4 Limiting the scaled input signal to a maximum value of 1.

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

3
Fapnrram @ = u—%

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

If you specify the 1 dB gain compression power, the block computes and
adds the nonlinearity to the input signal by:
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1 Converting the specified third-order intercept value into OIP3 (if
needed).

2 Converting the gain, OIP3, and 1dB compression data to linear,
unitless values, normalized to 1 volt and the reference impedance Z,
(which is specified in the block dialog box):

GAIN
Gy =10 10dB
OIP3
OIP3, =1010dBm.1073.Z,
PCOMP

Py =10 10dBm .1073.7,
where

® GAIN is the amplifier power gain, which is derived from the
Z-parameters.

® 0IP3 is the output third-order intercept point.
® PCOMP is the output power at the 1 dB compression point.

3 Computing the coefficients of the polynomial,

3 2 4
Famram(@® =as+egls| s+eslsl" s , that determines the AM/AM
conversion for the input signal s:

3
ci
g =——"
20IP3,
5
o= o 100114107095
> 4P,210%2| OIP3,

4 Computing the input power at which the output saturates, if it is not
specified, according to the following function:
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3C3 + ﬂ9032 - 20(3105
Asat = \/

—1005

This value is the input power above which the block replaces the
AM/AM conversion model with a constant output power value A_,,.

5 Applying the AM/AM conversion to the input signal

Active Noise

You can specify active block noise in one of the following ways:

® Spot noise data in the Z-Parameters Amplifier block dialog box.

* Noise figure, noise factor, or noise temperature value in the
Z-Parameters Amplifier block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.
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L
Dialog Main Tab
Box
x

—Z-Parameters Amplifier

Manlinear amplifier described by frequency-dependent Z-Parameters, noize data, and
honlinearity data.

Use the kain tab to specify a 2424k array of Z-Parameters and an M-element vector of
the corresponding frequency values.

Lze the Moize D ata tab to specify amplifier noise information.
Use the Manlinearity Data tab to specify amplifier nonlinearity information.

Data interpolation is uzed during simulation.

/ INoise [rata | Monlinearity Data | YYizualization

Z-Parameters: J[50.0:100,50]
Frequency [Hz): |2.De9

Interpolation method: I Linear LI

ak. I Cancel | Help | Apply |

Z-Parameters

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

Frequency (Hz)
Frequencies of the Z-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Z-parameters in Z-Parameters. All frequencies must be positive.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.
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Method
Linear (default)

Description

Linear interpolation

Spline Cubic spline interpolation
Cubic Piecewise cubic Hermite
interpolation
Noise Data Tab
zl

—Z-Parameters Amplifier

nonlinearity data.

the coresponding frequency values.

Use the Moise D ata tab to specify amplifier noise information.

Data interpolation is used during simulation.

Monlinear amplifier described by frequency-dependent Z-Parameters, noize data, and

Use the Main tab to specify a 2424hd array of Z-Parameters and an M-element vector of

Lze the Monlinearity D ata tab to specify amplifier nanlinearity infarmation.

I ain Monlinearity Data | Wigualization
Maize tupe: I Moize figure ;I
Moise figure (dB): jo
tinimumm noize figure [dE): ID
Optimal reflection coefficient: |1
Equivalent nommnalized noize resistance: |1
Moige factar: |1
Moise temperature [K): ID
QK I Cancel | Help | Apply

Noise type

Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature.
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Noise figure (dB)
Scalar ratio, in decibels, of the available signal-to-noise power
ratio at the input to the available signal-to-noise power ratio at
the output, (S,/N)/(S /N,). This parameter is enabled if Noise
type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio of the available signal-to-noise power ratio
at the input to the available signal-to-noise power ratio at the
output, (S,/N)/(S,/N,). This parameter is enabled if Noise type
is set to Spot noise data.

Optimal reflection coefficient
Optimal amplifier source impedance. This parameter is enabled
if Noise type is set to Spot noise data.

Equivalent normalized resistance
Resistance normalized to the resistance used to take the noise
measurement. This parameter is enabled if Noise type is set to
Spot noise data.

Noise factor
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 is enabled if Noise type is set
to Noise factor.

Noise temperature (K)
Equivalent temperature that produces the same amount of noise
power as the amplifier. This parameter is enabled if Noise type
is set to Noise temperature.
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Nonlinearity Data Tab

[C1Block Parameters: 2-Parameters Amplifier |

—Z-FParameters Amplifier

Monlinear amplifier described by frequency-dependent Z-Parameters, noise data, and
nonlinearity data.

Llze the kain tab to specify a 2x2xhkd array of Z-Parameters and an k-element vector of
the comesponding frequency values.

Uze the Moize D ata tab to specify amplifier noise infarmation.
Use the Monlinearity D'ata tab to specify amplifier nonlinearity information.

Data interpolation iz used during simulation.

I Visualization

Main | Moize Data |
IP3 type: | DIP3 =l
IP3 [dBm]: Jint

1dB gain compression power [dBm]:Iinf

Output zaturation power [dBm): Iinf

ak. I Cancel | Help | Apply |

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

intercept point) or 0IP3 (output intercept point).

IP3 (dBm)
Scalar power value of third-order intercept point. Use the default

value, Inf, if the IP3 value is unknown.

1 dB gain compression power (dBm)
Scalar output power value at which gain has decreased by 1
dB. Use the default value, Inf, if the 1 dB compression point is

unknown.
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Output saturation power (dBm)
Scalar output power value the amplifier produces when fully
saturated. The value is only used if 1 dB gain compression
power (dBm) is specified. Use the default value, Inf, if
saturation power is unknown.

Visualization Tab

=1Block Parameters: Z-Parameters Amplifier |

— Z-Parameters Amplifier

Monlinear amplifier described by frequency-dependent Z-Parameters, noize data, and
haonlinearity data.

Use the kain tab to specify a 2424k aray of Z-Parameters and an M-element vectar of
the comresponding frequency values.

Usge the Moize Data tab to specify amplifier noise information.
Use the Manlinearity Data tab to specify amplifier nonlinearity infarmation.

[ ata interpolation is uged during simulation.

tain Moise Data I Monlinearity Data ~ Visualization |

Source of frequency data: ISame a3 the z-parameters frequency LI
Frequency data [Hz): |[1 .9e9:1.0e8:2.2e9]

Reference impedance [ohms): IED

Flot type: |><-Y plane ;I
' parameter]: 511 - Y formatl: lm
‘' parameter2; Iﬁ Y farmat2: lﬁ
¥ parameter: m * farmat: Hz -
' seale: Linear hd X soale: Im

Plat |

] I Cancel | Help | Aoply |

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

Plotting Parameters with the Z-Parameters Amplifier Block

The following example specifies Z-parameters [12.60+3.80i, 3.77-0.171;
80.02+54.681, 26.02+3.84i] and [15.12+3.55i, 4.14-0.92i; 92.10+23.671,
27.59+2.711] at frequencies 2.0 GHz and 2.1 GHz respectively. It uses
the MATLAB® cat function to create the 2-by-2-by-2 Z-parameters
array.

cat(3,...

[12.60+3.80i, 3.77-0.171i; 80.02+54.681i, 26.02+3.84i],...

[15.12+3.55i, 4.14-0.921i; 92.10+23.67i, 27.59+2.711i])

1 Type the following command at the MATLAB prompt to create a
variable called zparams that stores the values of the Z-parameters.

zparams = cat(3,...

[12.60+3.801i, 3.77-0.171i; 80.02+54.68i, 26.02+3.84i],...

[15.12+3.55i, 4.14-0.92i; 92.10+23.67i, 27.59+2.71i])

2 Set the Z-Parameters Amplifier block parameters on the Main tab
as follows:
* Set the Z-Parameters parameter to zparams.

* Set the Frequency (Hz) parameter to [2.0e9,2.1e9].

Click Apply. This action applies the specified settings.
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[C1Block Parameters: 2-Parameters Amplifier |

—Z-FParameters Amplifier
Monlinear amplifier described by frequency-dependent Z-Parameters, noise data, and

nonlinearity data.

Llze the kain tab to specify a 2x2xhkd array of Z-Parameters and an k-element vector of
the comesponding frequency values.

Uze the Moize D ata tab to specify amplifier noise infarmation.
Use the Monlinearity D'ata tab to specify amplifier nonlinearity information.

Data interpolation iz used during simulation.

Main INoise Data | Monlinearity Data | Visualization

Z-Parameters: Izparams
Frequency [Hz): |[2.|389,2.1 ed]
Interpolation method:l Lirear LI
Apply |

ak I Cancel

3 Set the Z-Parameters Amplifier block parameters on the
Visualization tab as follows:

¢ In the Source of frequency data list, select User-specified.

¢ Set the Frequency data (Hz) parameter to
[1.9€9:1.0e8:2.2e9].

* In the Plot type list, select X-Y plane.

¢ In the Y parameterl list, select S11.
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[Z1Block Parameters: Z-Parameters Amplifier

— Z-Parameters Amplifier

nonlinearnity data.

the comesponding frequency values.

Use the Maize Data tab to specify amplifier noize information.

D ata interpolation iz used during simulation.

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

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

Usge the Monlinearity Data tab to specify amplifier nonlinearity information.

Main | Moise Data I Morlinearity Data  Vizsualization

Source of frequency data: IUser-specified LI
Frequency data [Hz): |[1 9e58:1.0e8:2 2e4]

Reference impedance [ohms]: ISD

Plat type: IX-Y plane LI

't parameterl: 1 - ' farmatl: IW

' parameterd: I VI Y format:
¥ parameter: IFreq vl # format;

Y scals: Linear > | X scale

Ok I Cancel |

Help | Aoply |

Click Plot. This action creates an X-Y Plane plot of the S ;

parameters in the frequency range

1.9 to 2.2 GHz.
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-} untitled/2-Parameters Amplifier = |EI|1|
File Edit Wiew Insert Tools Desktop Window Help ]

Ded& hRaM®|(E| 0B =0

Z0= &0
2.8 T T T T T
g
1.9 1.95 2 2.05 2.1 215 2.2 2.25
Freq [GHz]
See Also General Amplifier, Output Port, S-Parameters Amplifier, Y-Parameters
Amplifier

z2s (RF Toolbox)
interp1 (MATLAB)
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Purpose

Library

Description

&

&

i

Model mixer and local oscillator using Z-parameters
Mixer sublibrary of the Physical library

The Z-Parameters Mixer block models the nonlinear mixer described in
the block dialog box in terms of its frequency-dependent Z-parameters,
the frequencies of the Z-parameters, noise data (including phase noise

data), and nonlinearity data.

Network Parameters
The Z-parameter values all refer to the mixer input frequency.

The Z-Parameters Mixer block uses the RF Toolbox™ z2s function
to convert the Z-parameters to S-parameters and then interpolates
the resulting S-parameters to determine their values at the modeling
frequencies. The modeling frequencies are determined by the Output
Port block. See Appendix A, “RF Blockset™ Algorithms” for more
details.

RF Blockset™ software computes the reflected wave at the mixer input

(b;) and at the mixer output ( by ) from the interpolated S-parameters as

|:b1(fin):|:[sll 312}[%(}%)]
bo(four)| [Sa1 Sag || ao(four)
where

. fin and fout are the mixer input and output frequencies, respectively.

®* a; and ay are the incident waves at the mixer input and output,
respectively.

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

Active Noise

You can specify active block noise in one of the following ways:
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® Spot noise data in the Z-Parameters Mixer block dialog box.

* Noise figure, noise factor, or noise temperature value in the
Z-Parameters Mixer block dialog box.

If you specify block noise as spot noise data, the block uses the data to
calculate noise figure. The block first interpolates the noise data for the
modeling frequencies, using the specified Interpolation method. It
then calculates the noise figure using the resulting values.

Phase Noise

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

The blockset computes the digital filter by:

1 Interpolating the specified phase noise level to determine the phase
noise values at the modeling frequencies.

2 Taking the IFFT of the resulting phase noise spectrum to get the
coefficients of the FIR filter.

Note If you specify phase noise as a scalar value, the blockset assumes
the phase noise is constant at all modeling frequencies and does not
have a 1/f slope. This assumption differs from that made by the
Mathematical Mixer block.

Nonlinearity

If power data exists in the data source, the block extracts the
AMAM/AMPM nonlinearities from the power data. Power data
determines both IP3 and 1 dB gain compression power.

If the data source contains no power data, then you can enter either
OIP3 or IIP3 data as a scalar value for nonlinearity in the Z-Parameters
Mixer block dialog box. You can also specify the 1 dB gain compression
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power and the output saturation power in the Z-Parameters Mixer
block dialog box.

If you do not specify the 1 dB gain compression power, the block ignores
the output saturation power specification. The block computes and adds
the nonlinearity from the OIP3 or IIP3 value by:

1 Converting the specified value into IIP3 (if needed)

2 Using the third-order input intercept point value in dBm to compute
the factor, f, that scales the input signal before the Z-Parameters
Mixer block applies the nonlinearity:

e . S 8
1IP3(Watts) 10(IIP3(dBm)-30)/10

3 Computing the scaled input signal by multiplying the mixer input
signal by f.

4 Limiting the scaled input signal to a maximum value of 1.

5 Applying an AM/AM conversion to the mixer gain, according to the
following cubic polynomial equation:

3

Fapram@ = u—%

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

If you specify the 1 dB gain compression power, the block computes and
adds the nonlinearity to the input signal by:

1 Converting the specified third-order intercept value into OIP3 (if
needed).
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2 Converting the gain, OIP3, and 1dB compression data to linear,
unitless values, normalized to 1 volt and the reference impedance Z,
(which is specified in the data source):

GAIN
Gy =10 10dB
OIP3
OIP3, =1010dBm.1073.Z,
PCOMP

Py =10 10dBm .1073.7,
where

® GAIN is the mixer power gain, which is derived from the network
parameters.

® 0IP3is the output third-order intercept point.
® PCOMP is the output power at the 1 dB compression point.

3 Computing the coefficients of the polynomial,

3 2 4
Faprram(s) = crs+egls| s +essf" s , that determines the AM/AM
conversion for the input signal s:

3
‘i
g =———
201P3,
o = 1 Fo 1001 _1,10-005
> 4P,210%2| OIP3,

4 Computing the input power at which the output saturates, if it is not
specified, according to the following function:
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A _ 3C3 + ﬂ9032 —200105

sat — _1005

This value is the input power above which the block replaces the
AM/AM conversion model with a constant output power value A_,,.

5 Applying the AM/AM conversion to the input signal

.
Dialog Main Tab
Box
x|

—Z-Parameters Mixer

Monlinear mixer described by frequency-dependent £-Farameters, noize data. and
nonlinearity data.

Lze the Main tab to specify a 2u2xb array of Z-Parameters and an M-element vector of
the comesponding frequency values.

Use the Maize D ata tab to specify mixer noise information.

Llze the Monlinearity D' ata tab to specify mixer nonlinearity information.

[rata interpolation iz used during simulation.

I Moise Data | Monlinearity Data | Yisualization

Z-Parameters: I[50,D;1 00.50]
Frequency [Hz): I2.DeS

Interpolation method:l Lirear

Mixer tupe: I Dawncaryertar

L0 frequency [Hz): ID.SeS

Led el

ak. I Cancel | Help | Apply |

Z-Parameters

Z-parameters for a nonlinear mixer in a 2-by-2-by-M array. M
is the number of Z-parameters.
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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
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description
Linear (default) Linear interpolation
Spline Cubic spline interpolation
Cubic Piecewise cubic Hermite
interpolation
Mixer Type
Type of mixer. Choices are Downconverter (default) and
Upconverter.

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

blockset computes the mixer output frequency, fout, from the

5-262



Z-Parameters Mixer

mixer input frequency, fin , and the local oscillator frequency, f|0,
as fﬂlﬂ!‘ = Jr::l'r: _f!n. If you choose Upconverter, fﬂlﬂ!‘ = J]Ir::l'r: + f!n.

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

than f|0. Otherwise, an error appears.

Noise Data Tab

E! Block Parameters: 2-Parameters Mixer |

—Z-Parameters Mixer
Monlinear miver described by frequency-dependent £-Parameters, noize data. and
nonlinearity data.

Use the Main tab to specify a 2424hd array of Z-Parameters and an M-element vector of
the coresponding frequency values.

Use the Moise D ata tab to specify miser noize information.
Llze the Monlinearity D ata tab to spacify miver nonlinearity information.

Data interpolation is used during simulation.

Monlinearity Data |Visualizati0n |

M airn

Phase naoise frequency offset [Hz): I[D.1 110100f1e3

Phaze noize level [dBc/Hz): I[-?D <120 -140 -150]

Moize type: I Moize figure ﬂ
Muoise figure (dB]: jo
inimurn naize figure [dB): ID
Optimal reflection coefficient: |1

E quivalent nommalized noize resistance: |1

Moize factar: |1

Moize temperature [K]: ID

QK I Cancel | Help | Apply

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

5-263



Z-Parameters Mixer

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

Noise type
Type of noise data. The value can be Noise figure, Spot noise
data, Noise factor, or Noise temperature. This parameter is
disabled if the data source contains noise data.

Noise figure (dB)
Scalar ratio, in decibels, of the available signal-to-noise power
ratio at the input to the available signal-to-noise power ratio at
the output, (S,/N)/(S /N,). This parameter is enabled if Noise
type is set to Noise figure.

Minimum noise figure (dB)
Minimum scalar ratio of the available signal-to-noise power ratio
at the input to the available signal-to-noise power ratio at the
output, (S,/N)/(S,/N,). This parameter is enabled if Noise type
is set to Spot noise data.

Optimal reflection coefficient
Optimal mixer source impedance. This parameter is enabled if
Noise type is set to Spot noise data.

Equivalent normalized resistance
Resistance normalized to the resistance used to take the noise
measurement. This parameter is enabled if Noise type is set to
Spot noise data.

Noise factor
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 is enabled if Noise type is set
to Noise factor.

Noise temperature (K)
Equivalent temperature that produces the same amount of noise
power as the amplifier. This parameter is enabled if Noise type
is set to Noise temperature.
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Nonlinearity Data Tab

C1Block Parameters: Z-Parameaters Mixer |

—Z-Parameters Miser
Monlinear mizer described by frequency-dependent £-Farameters, noise data, and
nonlinearity data.

Llze the kain tab to specify a 2x2xhkd array of Z-Parameters and an k-element vector of
the comesponding frequency values.

Lze the Moize D ata tab to specify miser naize information.
Lse the Monlinearity D'ata tab to specify mizer nonlinearity information.

Data interpolation iz used during simulation.

onlinearity Dal

ain | Moise D ata I Visualization

IP3 type: | DIP3 =l
IP3 [dBm]: Jint

1dB gain compression power [dBm]:Iinf

Output zaturation power [dBm): Iinf

ak. I Cancel | Help | Apply |

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

intercept point) or 0IP3 (output intercept point). This parameter
is disabled if the data source contains power data or IP3 data.

IP3 (dBm)
Scalar power value of third-order intercept point. This parameter

is disabled if the data source contains power data or IP3 data. Use
the default value, Inf, if the IP3 value is unknown.

1 dB gain compression power (dBm)
Scalar output power value at which gain has decreased by 1 dB.

This parameter is disabled if the data source contains power data
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or 1 dB compression point data. Use the default value, Inf, if the

1 dB compression point is unknown.

Output saturation power (dBm)

Scalar output power value the amplifier produces when fully

saturated. This parameter is disabled if the data source contains
output saturation power data. Its value is only used if 1 dB gain
compression power (dBm) is specified. Use the default value,

Inf, if saturation power is unknown.

Visualization Tab

[TlBlock Parameters: 2-Parameters Mixer |

— £-Parameters Mizer

Monlinear mizer described by frequency-dependent Z-Parameters, noize data, and
honlinearity data.

Use the kain tab to specify a 2x24M aray of Z-Parameters and an b-element vector of the
coresponding frequency values.

Usge the Moize D ata tab to zpecify mixer noise information.

Use the Manlinearity Data tab to specify mizer nonlinearity infarmation.

D ata interpolation is uzed during simulation.

G Muoize Data I Monlinearity Data ~ Visualization

Source of frequency data: ISame a3 the z-parameters frequency j
Frequency data [Hz): I[‘I e31e8:2.929]

Reference impedance [ohms): IED

Flot type: IX-Y plane ;I

' parameter: 511 - *r formatl: lm

' parameterZ: Iﬁ 't format2: lﬁ

* parameter: Im # format: Hz -

Y soale: ILinear 'l X scale: ILinear vI

0K I Cancel | Help | Apply |

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

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

Description

5-268

]

Model passive network using Z-parameters
Black Box Elements sublibrary of the Physical library

The Z-Parameters Passive Network block models the two-port passive
network described in the block dialog box, in terms of its Z-parameters
and their associated frequencies.

In the Z-Parameters field of the block dialog box, provide the
Z-parameters for each of M frequencies as a 2-by-2-by-M array. In the
Frequency field, specify the frequencies for the Z-parameters as an
M-element vector. The elements of the vector must be in the same order
as the Z-parameters. All frequencies must be positive. For example, the
following figure shows the correspondence between the Z-parameters
array and the vector of frequencies.

I-pommeters . _ —
aray N E#
\\ i - 414 12
#'_,
Zyy | Zyo Zo
I,
Zoy | Zgg et
fa— Frequendes
fa
f1

The Z-Parameters Passive Network block uses the RF Toolbox™

z2s function to convert the Z-parameters to S-parameters, and then
interpolates the resulting S-parameters to determine their values at the
modeling frequencies. The modeling frequencies are determined by

the Output Port block. See Appendix A, “RF Blockset™ Algorithms”
for more details.
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L
Dialog Main Tab
Box
x

Z-Parameters Pazsive Network

Two-port passive network. described by the frequency-dependent Z-Parameters [222xh
array). and the Frequency [vectar of length M), M iz the number of frequencies.

Data interpolation is used during simulation.

I Yisualization I

Z-Parameters: I[50,D:1 00.50]
Frequency [Hz]: IZ.DES
Interpolation method:l Linear LI

QK I Cancel | Help | Apply |

Z-Parameters
Z-parameters for a two-port passive network in a 2-by-2-by-M
array. M is the number of Z-parameters.

Frequency (Hz)
Frequencies of the Z-parameters as an M-element vector. The
order of the frequencies must correspond to the order of the
Z-parameters in Z-Parameters. All frequencies must be positive.

Interpolation method
The method used to interpolate the network parameters. The
following table lists the available methods describes each one.

Method Description

Linear (default) Linear interpolation
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Method Description

Spline Cubic spline interpolation

Cubic Piecewise cubic Hermite
interpolation

Visualization Tab

E! Block Parameters: Z-Parameters Passive Netwo ﬂ

Z-Parameters Passive Network

Two-port passive netwark. described by the frequency-dependent Z-Parameters [2x2xh
array). and the Frequency [vectar of length M). M iz the number of frequencies.

D ata interpolation is used during simulation.

Main  “izuslization |

Source of frequency data; ISame az the z-parameters frequency LI
Frequency data [Hz]: |[1 9e9:1.0e6:2.229]

Reference impedance [ohms]: IED

Flot type: |><-Y plane LI
‘' parameterl: Im 't farmatl: W
't parameter?: lﬁ ' farmat2: lﬁ
* parameter: m # format; Hz -
' scale: m # scale: lm

] I Cancel | Help | Apply |

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

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 [0.27-2.86i, -.09-5.41i; -.09-5.41i, .27-2.86i] at
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frequencies 2.0 GHz and 2.1 GHz respectively. It uses the MATLAB®
cat function to create the 2-by-2-by-2 Z-parameters array.

cat(3,[0.13-5.931, .03-3.16i; 0.03-3.16i, .13-5.93i],...
[0.27-2.86i,-.09-5.41i; -.09-5.41i, .27-2.86i])

1 Type the following command at the MATLAB prompt to create a
variable called zparams that stores the values of the Z-parameters.
zparams = cat(3,...

[0.13-5.931,.03-3.161; 0.03-3.161,.13-5.931i],

[0.27-2.86i,-.09-5.411i; -.09-5.41i,.27-2.861])

2 Set the Z-Parameters Passive Network block parameters on the
Main tab as follows:

* Set the Z-Parameters parameter to zparams.
* Set the Frequency (Hz) parameter to [2.0e9,2.1e9].
Click Apply. This action applies the specified settings.

E! Block Parameters: Z2-Parameters Passive Networ

x|
Z-Parameters Passive MNetwork

Two-port pazsive network described by the frequency-dependent Z-Farameters [2x2xbd
array], and the Frequency [vector of length k] M is the number of frequencies.

[rata interpolation is uged during simulation.

I YWisualization |

Z-Parameters: Izparams

Frequency [Hz]: |[2.DES,2.1 ed]

Interpolation method:l Linear LI
QK I Cancel Help Apply
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3 Set the Z-Parameters Passive Network block parameters on the
Visualization tab as follows:

¢ In the Source of frequency data list, select User-specified.

¢ Set the Frequency data (Hz) parameter to
[1.9€9:1.0e8:2.2e9].

¢ In the Y parameterl list, select S12.

[Z1Block Parameters: Z-Parameters Passive Networle x|

Z-Parameters Passive Metwork.

Two-port pazzive network described by the frequency-dependent 2-Farameters [2x2xkd
array). and the Frequency [vector of length M), M is the number of frequencies.

D ata interpalation is used during simulation.

Main  Yisualization |

Source of frequency data: IUser-specified ;I
Frequency data [Hz): |[1 9e5:1.0e8:2 2e9]

Fieference impedance [ohms): |50

Flat type: IX-Y plane LI
' parameterl: Im Y formatl: W
' parameters: Iﬁ Y format: lﬁ
 parameter. m * format; Hz -

't scale: lm * zcale: lm

Flat |

QK. I Cancel | Help | Apply |

Click Plot. This action creates an X-Y plane plot of the S,,
parameters in the frequency range 1.9 to 2.2 GHz.
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See Also

<) untitled;/2-Parameters Passive Network - |EI|1|
File Edit Wiew Insert Tools Desktop Window Help N

Ded& h|RaM®|(E| 0B 5O

0= &0

Magnitude (decibels)

1.9 1.85 2 2.05 21 215 2.2 2.25
Freq [GHz]

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

z2s (RF Toolbox)
interp1 ( MATLAB)
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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-13)

Converting to and from Simulink®
Signals (p. A-33)

Gives an overview of how RF
Blockset™ software simulates an RF
model.

Describes how RF Blockset software
computes the modeling frequencies
of a physical system.

Describes how RF Blockset software
determines the values of the
S-parameters of the physical blocks
at the modeling frequencies.

Describes how RF Blockset software
models noise in an RF system.

Describes how RF Blockset
software 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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A-2

Simulating an RF Model

When you simulate a model that contains physical blocks, RF Blockset™
software determines the modeling frequencies of the physical system using
the Input Port block parameters. The modeling frequencies are the frequencies
at which the blockset takes information from the blocks to construct the
baseband-equivalent model. Then, the software determines the block
parameter values at those frequencies and uses the information to create a
baseband-equivalent model for Simulink® time-domain simulation.



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.

[F1Block Parameters: Input Port |

— Input Paork

Connection block from Simulink to RF Blockset physical blocks.

The RF Blockset physical blocks use a baseband-equivalent madeling technique. The
bandwidth modeled is 1/{Sample time), centered on kthe specified Center frequency.
The Center frequency corresponds ko 0 Hz in the baseband-equivalent model.

Finite impulse response (FIR) filkers are used ko model the frequency dependent
characteristics and look-up tables are used to model the nonlinear behaviors of RF
Elockset physical blocks between this block and the Output Port block.,

Optional guard bands can be specified as a fraction of the modeling bandwidth. The
guards bands are implemented by applying a Tukey window to the Frequency
response, Modeling delay may be added to improve the response of the FIR Filkers,

—Parameters

Finite impulse response filker length: I 128 N

Fractional bandwidth of guard bands: I i}

Modeling delay (samples): I i}
Center frequency (Hz): I zed fe
Sample time {s): I 1e-7 ts
Source impedance (ohms): ISD
¥ add noise

Initial seed: |67987

oK I Cancel |

Apply |

f, is the nth element of the vector of modeling frequencies, f, and is given by
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Mapping Network Parameters to Modeling Frequencies

In a physical system, each block provides network parameters at

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

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

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

through f£..
Interpolated S, parameter values
, ‘/47 Original S,, parameter values
f, f fy fs fy~—— Frequencies in ascending
order of magnitude
(fmin) (fmax)

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

As shown in the previous diagram, each block uses the parameter values
at f,,, for all modeling frequencies smaller than £, , . 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.
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Modeling Noise in an RF System

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

of the physical system by combining the noise contributions from each
individual block. This section explains how the blockset simulates noise from
user-specified information. For information on how to add noise to an RF
model, see “Modeling Noise” on page 2-29.

In this section...
“Output-Referred Noise in RF Models” on page A-7

“Calculating Noise Figure at Modeling Frequencies” on page A-10
“Calculating System Noise Figure” on page A-11

“Calculating Output Noise Power” on page A-11

Output-Referred Noise in RF Models

In general, you can specify output-referred noise in one of three ways:

® Noise temperature — Specifies the noise in kelvin.

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

Noise temperature
290

Noise factor = 1+

® Noise figure — Specifies the noise in decibels relative to the standard
reference noise temperature of 290 K. In terms of noise factor

Noise figure = 10log(Noise factor)

These three specifications are equivalent, because you can compute each
one from any of the others.

The blockset lets you simulate the noise associated with any physical block in
your RF model.

A-7
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The blockset automatically determines the noise properties of passive blocks
from their network parameters. The blockset gets these network parameters
either explicitly from the block dialog box or specified data files, or implicitly
by calculating them from the specified block parameters.

For active devices such as amplifiers and mixers, the noise properties can
not be inferred from network parameters. Therefore, for the amplifier and
mixer blocks, you must specify the noise information explicitly, either in the
dialog block or the associated data file.

For RF Blockset physical amplifier and mixer blocks, you can specify active
block noise in one of the following ways:

® Spot noise data

* Frequency-independent noise figure, noise factor, or noise temperature
values

® Frequency-dependent noise figure data (rfdata.nf) or spot noise data
(rfdata.noise) object

These noise specification options are described in “Amplifier and Mixer Noise
Specifications” on page 2-29.

When you run the simulation, the blockset first computes the noise figure
values for each individual block at the modeling frequencies. Then, it
computes the noise figure of the physical system from the individual noise
figure values and uses the system noise figure information to calculate the
output noise power. This process is shown in the following figure.



Modeling Noise in an RF System

Select this check box

to include noise data

in the simuliation ———— =

E!amp_qamIE_mudEI,.-"RF Rereiver

=] Block Parameters: RF In
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Calculating Noise Figure at Modeling Frequencies

To include noise information in a simulation, the blockset must compute the
noise figure values of each individual block at the modeling frequencies.

If you specify the frequency-independent noise figure value directly, or if
the blockset computes the noise figure value from the block resistance, the
blockset uses this value for the noise figure value at each of the modeling
frequencies.

If you specify the noise factor or noise temperature value, the blockset
computes the noise figure value from the specified value using the equations
in the preceding section and uses the computed value for the noise figure
value at each of the modeling frequencies.

If you specify frequency-dependent noise figure values using an rfdata.nf
object, the blockset interpolates the values using the Interpolation method
specified in the block dialog box to get the noise figure value at each of the
modeling frequencies.

If you specify spot noise data, the blockset computes frequency-dependent
noise figure information from this data. It takes the minimum noise figure,
NF equivalent noise resistance, R, and optimal source admittance,

Y,,» values in the file and interpolates to find the values at the modeling

frequencies. Then, the blockset uses the following equation to calculate the
noise correlation matrix, C,:

NF_;, -1 *
Rn %_RnYopt
Cp =2kT NF 1 )
L_RnYopt Rn |Yopt|

2

where k is Boltzmann’s constant, and T is the noise temperature in kelvin.

The blockset then calculates the noise factor, F, from the noise correlation
matrix as follows:
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N 27Cy2
2kTRe{Zg}

o

In the two preceding equations, Zg is the nominal impedance, which is 50
ohms, and z* is the Hermitian conjugation of z.

The blockset obtains the noise figure, NF, from the noise factor:

NF =10log(F)

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 System Noise Figure

After the blockset computes the noise figure values for each individual block
at the modeling frequencies, it calculates the noise figure for the N-element
system using the following equation:

NFy-1 NFg-1 NFy -1
+ + ...+
G, = Gy G, G, Gy . Gy_q

where G, is the gain of the nth element of the system and NF is the noise
figure of the nth element.

NF = NF, +

Calculating Output Noise Power

The blockset uses noise power to determine the amplitude of the noise that
it adds to the physical system using a Gaussian distributed pseudorandom
number generator. It uses both the noise temperature and the modeling
bandwidth to calculate the noise power:
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Noise power = kTB

where 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 blockset computes noise temperature from the specified or calculated

noise figure values for the system, and it computes the modeling bandwidth
from the model’s sample time and center frequency.
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Creating a Complex Baseband-Equivalent Model

In this section...

“Baseband-Equivalent Modeling” on page A-13
“Simulation Efficiency of a Baseband-Equivalent Model” on page A-18

“Example — Selecting Parameter Values for a Baseband-Equivalent Model”
on page A-19

Baseband-Equivalent Modeling

RF Blockset™ software simulates the physical system in the time domain
using a complex baseband-equivalent model that it creates from the passband
frequency-domain parameters of the physical blocks. This type of modeling

is also known as lowpass equivalent (LPE), complex envelope, or envelope
modeling.

To create a complex baseband-equivalent model in the time domain based
on the network parameters of the physical system, the blockset performs a
mathematical transformation that consists of the following three steps:

1 “Calculating the Passband Transfer Function” on page A-13
2 “Calculating the Baseband-Equivalent Transfer Function” on page A-16

3 “Calculating the Baseband-Equivalent Impulse Response” on page A-16

Calculating the Passband Transfer Function

The blockset calculates the passband transfer function from the physical
block parameters at the modeling frequencies by calculating the transfer
function of the physical subsystem and then applying the Tukey window to
obtain the passband transfer function.

Note To learn how the blockset uses the specified network parameters to
compute the network parameters at the modeling frequencies, see “Mapping
Network Parameters to Modeling Frequencies” on page A-5.
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A-14

The transfer function of the physical subsystem is defined as

V()
H(f) = LM
" Vs(f)

where Vg and V| are the source and load voltages shown in the following
figure, and f represents the modeling frequencies.

i Physical
Vs Vin | Subsystem :

More specifically,

Soq *(1+T;)*(1-T)

B = S (=85 "1, (1-Ty * T

where

Zl _Zo

 =—-2%

7, +2Z,




Creating a Complex Baseband-Equivalent Model

e Zis the source impedance.
® Z, is the load impedance.
* S, are the S-parameters of a two-port network.

The blockset derives the transfer function of the physical subsystem from the
Input Port block parameters as shown in the following figure.

Passband Spectrum of a Modulated RF Carrier

N is the number of sub-bands

Input Port Block Parameters [TTTTTTITTTTITTITI T T oITToTTT
— Parameters || | Af = 1/(tS*N)

Finite impulze response filker length: | M

Fractional bandwidth of guard bands: I F
kodeling delay [zamplez]: ID

Center frequency [Hz:

Magnitude

Sample time [z]:
Source impedance [ohms]:

¥ idd noise

Iritial seed \
rniral zee f

I Frequency
fi fmax

Bandwidth = 1/’(S

A\

The blockset then applies the Tukey window to obtain the passband transfer
function:

Hpassband(f) = H(f) * tukeywin(N, F)

where tukeywin is the Signal Processing Toolbox™ tukeywin function.
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Calculating the Baseband-Equivalent Transfer Function

The blockset calculates the baseband transfer function, Hy,e.pgna(f) , by
translating the passband transfer function to its equivalent baseband transfer
function:

Hbaseband(f) = Hpassband (f + fc)

where f, is the specified center frequency.

The resulting baseband-equivalent spectrum is centered at zero, so the
blockset can simulate the system using a much larger time step than
Simulink® can use for the same system. For information on why this
translation allows for a larger time step, see “Simulation Efficiency of a
Baseband-Equivalent Model” on page A-18.

The baseband transfer function is shown in the following figure.

Baseband-Equivalent Spectrum

Magnitude

T

Centered at zero

I/ Frequency

1/ 0 ] /Qts

1 /tS

Calculating the Baseband-Equivalent Impulse Response

The blockset calculates the baseband-equivalent impulse response by
performing the following steps:
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1 Calculate the inverse FFT of the baseband transfer function. For faster
simulation, the block calculates the IFFT using the next power of 2 greater
than the specified finite impulse response filter length. Then, it truncates
the impulse response to a length equal to the filter length specified. When
the finite impulse response is truncated to the length specified by the user,
the effect of the truncation is similar to windowing with a rectangular
window.

2 Apply the delay specified by the Modeling delay (samples) parameter
in the Input Port block dialog box. Selecting an appropriate value for this
delay ensures that the baseband-equivalent model has a causal response by
moving the time window such that the model energy is concentrated at the
center of the window, as shown in the following figure:
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Without delay:
Magnitude
»
®
T ¢« o o !
N-1
Sub-Band (Tap) Number
With a 4-sample delay:
Magnitude
6 o 1 T »

Sub-Band (Tap) Number

Simulation Efficiency of a Baseband-Equivalent
Model

The baseband-equivalent modeling technique improves simulation speed by
allowing the simulator to take larger time steps. To simulate a system in the
time domain, Simulink would require a step size of:

1
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:
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