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Purpose

SpectreRF-MATLAB / Simulink cosimulation stands for cosimulation using the Cadence
Spectre simulator and the MathWorks MATLAB®/Simulink®.

This RAK describes how to setup and use a cosimulation link between the
MATLAB/Simulink® system-level simulation environment and Cadence Spectre® circuit
simulator RF analysis (SpectreRF).

Cosimulation helps to detect concept errors early, detect any design flaws before tape-
out and to quickly correct issues and re-simulate.

With cosimulation, system designers can create low-level models of critical analog blocks
and use these models one at a time to analyze the performance impact of individual
blocks on the system-level simulation.

Audience

This document is intended for Analog and RF designers who are experienced with
Virtuoso ADE, SpectreRF and MATLAB/Simulink.

Terms
ADE Analog Design Environment
RF Radio Frequency
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Introduction

The high-level system concept is often specified in the early stages of design work. This
process is well supported by both concept engineering and system-level simulation
tools such as MATLAB/Simulink.

Cosimulation using SpectreRF and MATLAB/Simulink combines the best of system-
level simulation with block-level analog and RF simulation. Simulink provides large
libraries of DSP algorithms for generating complicated signals and post-processing,
while SpectreRF supports transient and envelope analysis of common RF and
communication circuits, such as mixers, oscillators, sample and holds, and switched
capacitor filters at both the transistor and behavioral levels.

Running the RAK

This RAK has been developed and tested on a machine having OS RHEL7.6 version.
MATLAB2018a requires minimum OS RHELG6.7 version or higher. SPECTRE18.1
requires OS RHELG6 or higher and IC6.1.8 requires OS RHELG6.5 or higher version.
The estimated time to complete this tutorial is about three hours.

Setting up the Tutorial Database

1. Unzip and untar the attached database
RAK SpectreRF simulink example R2018a.tar.gz

Unix> tar zxvf RAK SpectreRF simulink example R2018a.tar.gz
2. Navigate to SpectreRF simulink example directory.
Unix> cd SpectreRF simulink example

This is the best place to start MATLAB, because the cosimulation modules load
automatically here in accordance with the statements provided in the
startup.mfile.

3. Add the SpectreRF and MATLAB/Simulink engine install paths to the
MATLABPATH environment variable. You can automate this step by adding the
appropriate commands to your . cshrc file.

First check for the ‘Spectre’ installation directory, by performing:

Unix> which spectre

It should return:

Learn more at Cadence Support Portal - https://support.cadence.com
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<SPECTRE_.install_path>/tools/bin/spectre
For example:
/cadtools/serv1/cds/SPECTRE181ISR_Inx86/tools/bin/spectre

Now use the output of “cds_root spectre” to set the MATLABPATH environment
variable as shown.

Unix> echo "cds root spectre’

Should return something like: /cadtools/servl/cds/SPECTRE181ISR_Inx86

Unix> setenv MATLABPATH "cds root
spectre’ /tools/spectre/matlab/64bit:SPATH

Unix> setenv MATLABPATH "cds root
spectre’ /tools/spectre/simulink:${MATLABPATH}

You may refer the already available SETUP file provided in this database, and
perform:

Unix> source SETUP
before launching MATLAB.

The designs for the tutorials are provided in the tutorial database libraries. If the setup
for the standalone simulations work correctly in MATLAB/Simulink and SpectreRF, then
only three steps are required to set up the cosimulation:

1. Insert and configure the SpectreRF engine in the Simulink schematic.
2. Setup the netlist to adopt the SpectreRF and MATLAB cosimulation.
3. Run the cosimulation.

Tutorial 1

Tutorial 1 describes cosimulation for the system-level module of a wireless LAN. Figure
1 shows the system-level schematic. The transmitter blocks encode and modulate
binary random data and send the OFDM signal to a white Gaussian noise channel
model.

The receiver blocks demodulate and decode the channel output. Finally, the received
bits are compared with the original bit stream to compute the bit error rate.

Learn more at Cadence Support Portal - https://support.cadence.com
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Figure 1: End-to-End System-Level simulation with Simulink
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Validating the Simulink design
1. Start MATLAB, by typing the below command
Unix> matlabé&

The spectrerf demo Library opens, as shown in Figure 2.

——
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Figure 2: spectrerf_demo Matlab Simulink Library for cosimulation

[ Nlibrary: spectrerfidemo’- simulink spon ™| =53]

File Edit WView Display Diagram Analysis Help

= mE- -
spectrerf_ demo

@ [*a|spectrerf_demo v
£3]

—

- 1cadence|

D SpectreRF Engine

[ )

Tutoriall Tutorial2

o]

Ready 120%

2. This library contains the SpectreRF engine block module for this tutorial
(distinguished by the Cadence logo and labeled SpectreRF Engine). You
can insert this ‘SpectreRF Engine’ coupler module in any Simulink design by
dragging and dropping it from this library.

3. Double-click the first green box labeled *LAN 802.11 Tutoriall’ from the
‘spectrerf demo’ library (or click RMB and choose ‘Open’ option).

The ‘tutorial1’ library opens, as shown in Figure 3, having the ‘LAN 802.11" and
‘HYPERLAN/2’ blocks, each having an ‘unmodified’” as well as ‘modified’ block.

Learn more at Cadence Support Portal - https://support.cadence.com
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Figure 3: tutoriall Library including the 'modified' and 'unmodified' models
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4. Double-click (or RMB and choose ‘Open’ option) the ‘unmodi fied’ block for the
‘LAN 802.11" first.

The end-to-end design for a wireless LAN transmission system opens (as shown
in Figure 1 above). This design contains the main DSP algorithms of a wireless
LAN 802.11a physical layer for the transmitter and the receiver chains. It
generates a standard-complaint 802.11a signal and implements the related post-
processing algorithms.

Note: Staring Matlab R2017b release, you might see that by default some of the
block names are hidden in the Simulink model.
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a. Click on the “Display” tab on the menu options at the top of the
Simulink model editor.
b. Then uncheck the “Hide Automatic Names” option as shown below.

Figure 4: Display block names in Simulink model
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Signals & Ports 2
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5. In the window displaying the LAN transmission system schematic of Figure 1,
first ensure that all the schematic blocks are connected properly, and there are
Nno missing ‘Unresolved Link’ blocks.

If there are any ‘Unresolved Link’ blocks, double-click on each of the problematic
blocks and ensure its ‘Block Parameters’ are set correctly.

Navigate to each of the block properties tab and check if every option setting is
as expected. If there are any changes, click ‘Apply’ and then ‘OK’ on the
properties form.

Save the schematic changes (if any) and click on the green *Run’ button & (or
Simulation -> Run option) from the Simulink ‘unmodified’ block as shown in
Figure 5.

Learn more at Cadence Support Portal - https://support.cadence.com
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Figure 5: Running standalone 'unmodified’ Simulink testbench
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A spectrum scope and a scatter diagram (also known as Constellation
Diagram) comes up as shown in Figure 6 and Figure 7. The minor deviations in
the scatter diagram originate from the noisy channel. Look at the Bit Error
Rate (BER) display as shown in Figure 8.

——
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Figure 6: Spectrum Scope of ‘unmodified’ testbench
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Figure 7: Scatter Plot of 'unmodified' testbench

. Received signal (on'Ildvopt280]) (=& E)]
Eile Tools Wiew Help ~

@-|aor®|>-(a-@- |8k

Scatter Plot

0.015

0.01

0.005

-0.005

Quadrature Amplitude

-0.01

-0.015

Ready T=0.001

Learn more at Cadence Support Portal - https://support.cadence.com
© 2019 Cadence Design Systems, Inc. All rights reserved worldwide.

Page 12



Cosimulation with SpectreRF and MATLAB®/Simulink®

Figure 8: Bit Error Rate (BER) display of 'unmodified' testbench
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6. (Optional)

a. Double-click the AWGN block from ‘unmodified’ testbench. The
Block Parameters: AWGN Channel form opens.

b. Increase the noise, by changing the parameter Signal to Noise Ratio
‘SNR’ (dB) from 20 (original) to 13 (new value) as shown in Figure 9.

c. Click ‘Apply’ and then ‘OK’ the Block Parameters: AWGN Channel form.
Figure 9: AWGN Channel block parameter setting form
Block Parameters: AWGN Channel x

AWGN Channel (mask) (link)

Add white Gaussian noise to the input signal. The input signal can be real or
complex. This block supports multichannel processing.

When using either of the variance modes with complex inputs, the variance

values are equally divided among the real and imaginary components of the input
signal.

Parameters

Input processing: | Inherited (this choice will be removed - see release notes) -
Initial seed:

1

Mode: | Signal to noise ratio (SMR) -

SNR (dB):
13

Imput signal power, referenced to 1 ohm (watts):
0.01

J oK Cancel Help
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>

7. Click simulation -> Run, (OR) hit the green ‘Run’ = button to start the
simulation again.

The scatter plot of ‘Received Signal’ (i.e.the Constellation Diagram)is
now distorted as shown in Figure 11 and after some seconds, Bit Error Rate
(BER) display also changes as shown in Figure 12. The Spectrum Scope is
also now changed as shown in below Figure 10 (with respect to the one shown in
Figure 6).

4 -

I . .
Note: You may need to use the ‘Zoom-In’ feature available in the below plots to

see the required region of interest.

Figure 10: New Spectrum Scope of ‘unmodified’ testbench
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Figure 11: Distorted Scatter Plot of 'unmodified' testbench
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Figure 12: New Bit Error Rate (BER) display of 'unmodified’ testbench
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8. Close all the above opened Scatter Plot and Spectrum Scope windows.

Close the ‘unmodified’ Simulink testbench by clicking the right-top most

==

‘Close Window’@,..
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You may want to select ‘No’ option in the ‘Save “unmodified” before
closing?’ pop-up form if you want to close the testbench without saving any
changes as shown in Figure 13.

Figure 13: Save testbench pop-up form
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Modifying the design and Setting up the cosimulation from MATLAB

The following steps are setup for the cosimulation. There is a complete setup in the LAN
802.11 Tutoriall of ‘spectrerf demo’, named as modified for ‘LAN 802.11’
block already available that can be used as reference, as shown in Figure 14.

Figure 14: 'modified' testbench of LAN 802.11 tutoriall in 'spectrerf_demo' Library
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9. Assuming you have already closed the ‘unmodi fied’ Simulink design testbench
from above steps, launch the ‘unmodified’ LAN 802.11 tutoriall
testbench again to perform the below steps by double clicking on it as shown in
Figure 15.
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Figure 15: 'unmodified' LAN 802.11 Simulink testbench
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10.From the ‘spectrerf demo’ Library, copy (by RMB on it, and selecting ‘Copy’
option) the SpectreRF Engine block (the block that contains the Cadence
logo, located on the top of green Tutoriall and Tutorial2 boxes shown in

Figure 16) into the ‘unmodi fied’ testbench and place the block at the top right
corner.

Figure 16: SpectreRF Engine block

jcadencep

This step inserts the analog transmitter RF-front end within the system testbench
between the OFDM Transmitter and AWGN channel.

11.Double-click the SpectreRF Engine block.

The ‘Block Parameters: SpectreRF Engine’ window opens, as shown in
Figure 17.

|
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Figure 17: Block Parameters window
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The Engine for Spectre/SpectreRF cosimulation

Parameters

Number of input pins (0...100)
2

Number of output pins (0...100)
2

Frame size (secs) -- Use -1 to inherit the frame size.
-1
Sample time (secs) -- Use -1 to inherit the sample time.
-1
Socket port (1024...65535) -- Use this number in netlist cosim port setting too.
38520
Simulation response timeout (> 30 secs) -- Time allowed for Spectre to respond during simulation.
60
Socket mode -- Use UDP for no frame input and TCP for large frame input. | TCP -
Spectre Command -- The command for aute-lunch Spectre in background when simulation.

v| Show engine port labels

Cancel Help

The fields inside this ‘Block Parameters’ form have the following meanings as
shown in Tablel:

Table 1. SpectreRF Engine Block Parameters fields and their details

Field Meaning

Number of input pins (0...100) | The number of input pins to the engine block
(0...100). The input to the block is the input signal
from Simulink.
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Number of output pins (0...100)

The number of output pins from the engine block
(0...100). The output from the block is the resulting
signal from the SpectreRF simulator.

Frame size (secs)

The number of samples per frame (any positive
integer or -1; default: -1). Set this value to -1 to
inherit the frame size from the input.

Sample time (secs)

Sample period of the block, in seconds (default: -1).
The Sample time is the frame period, not the time
between the samples inside the frame. Set this value
to -1 to inherit the sample period of the connected
blocks.

Socket port (1024...65535)

The number of the service that is identified by
TCP/IP. Normally, the system reverses port numbers
less than 1024, so this value can range from 1024 to
65535 (default: 38520).

Simulation response timeout
(>30 secs)

Maximum time, in seconds, to wait for an answer
from the SpectreRF simulator during simulation.
During simulation, if MATLAB does not receive a
response from Spectre before the timeout period
expires, simulation ends with an error.

Socket mode

TCP or UDP. Choose UDP if frame size is less than
50. TCP and UDP are two different translate
protocols in TCP/IP. Without CRC, UDP is usually
faster in a good network environment with small data
packages and TCP is usually better for large data
packages.

Spectre Command

Used to run a Spectre simulation. This parameter
enables a use mode where Spectre is called
internally by the Simulink simulation.

Show engine port labels

If checked, the SpectreRF Engine shows the label
information.

12.In this ‘Block Parameters’ form,

a. Setthe Number of input pins’to ‘2.
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b. Setthe ‘Number of output pins’alsoto ‘2.

c. Setthe ‘Frame size (secs)’fieldto -1, to use an inherited frame size.
This Simulink testbench uses framed signals.

d. Leave the ‘sample time (secs)’ field setto default -1.

e. Set the parameter ‘Socket port’to any value from 1024 to 65535. Here,
we have setitto 38520.

f. Leavethe ‘Simulation response timeout (>30 secs)’field setto
default 60.

g. Ensure that the ‘Socket mode’is set to ‘TCP’, and tick the checkbox next
to ‘Show engine port labels’ option.

h. Click ‘2Apply’ and then ‘OK’ on this Block Parameters form. The form
closes, and the ‘SpectreRF Engine’ block in the ‘unmodified’
testbench is updated with the correct number of pins.

13.From the testbench window, ensure that the Display -> Signals & Ports
-> Signal Dimensions option is checked, like the one shown in Figure 18.

Figure 18: Set the Signal Dimensions display
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The signal dimension display is switched ON, so you can see details of the
framed signals used. In this case, the frame size between OFDM Transmitter
(OFDM Transmitter with oversampling) and AWGN is 320.

14.From the testbench, select view -> Library Browser. It will take a while to

launch ‘Simulink Library Browser’. Click on the ‘Math Operations’
under the ‘Simulink’ section as shown in Figure 19.

Figure 19: Simulink Library Browser
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The Simulink/Math Operations library appears. This tutorial uses complex valued
signals. Before the signal is transmitted to SpectreRF Engine block, the complex
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signals must be split into their real and imaginary parts. Simulink provides a
converter for this purpose. The desired converters are located at the bottom right
corner of this Math library.

15.Drag and drop the Complex to Real-Imag block (Figure 20) before the
SpectreRF Engine block, and then drag and drop the Real-Imag to
Complex block (Figure 21) after the SpectreRF Engine block in the simulink
testbench.

Figure 20: Complex to Real-Imag block

FRep
e im

Complex to
Real-Imag

Figure 21: Real-Imag to Complex block

HI'.“",_
im="

Real-lmag to
Complex

16.Insert an ideal ‘Gain’ block (Figure 22) at the output of the AWGN coupler block.
This Gain block is available in the same Simulink/Math Operations library.

Figure 22: Gain block
)D}
Gain

Because the analog/RF subsystem changes the signal level, the Gain block is
required to adapt the signal level to the properties of the digital baseband
receiver.

17.

a. Double-click the placed ‘Gain’ block and set the ‘Gain’ to its default ‘1’
value as shown in Figure 23.

b. Click Apply and then click OK.
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Figure 23: Setting Gain block parameters

Block Parameters: Gain
Gain

Element-wise gain (y = K.*u) or matrix gain (y = K*u ory = u*K).

Main = Signal Attributes | Parameter Attributes

Multiplication: | Element-wise(k *u) -

9 Cancel || tich

18.From the ‘Simulink Library Browser’ search for the keyword ‘Spectrum
Analyzer’, corresponding Spectrum Analyzer block (Figure 24) will appear.
Drag and drop the Spectrum Analyzer block and connect it to the output of
‘OFDM Transmitter’ in the simulink testbench.

Figure 24: Spectrum Analyzer

=

Spectrum
Analyzer

19.Connect all the signals to make the final ‘unmodi fied’ testbench, as shown in
Figure 25. This should be exactly same to the reference ‘modified’ testbench
already available.

Note: To make each signal connection, move the mouse pointer over the module
pin. The pointer changes to a cross. Press the left mouse button, move the
cursor to the destination pin and release the button.
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Figure 25: Final updated 'unmodified' testbench for cosimulation
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20. Save the final testbench, by clicking on the ‘save’ button = or choose File -

> Save option from the testbench.

The Simulink model is now ready for cosimulation. All the other information about
frame size and sampling time is detected automatically with the Simulink model.

21.From the ‘unmodified’ testbench, choose Simulation -> Model
Configuration Parameters option.

The ‘Configuration Parameters’ form opens, as shown in Figure 26.

——
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Figure 26: Configuration Parameter settings for cosimulation
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¥ Advanced parameters
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OK Cancel Help

22.Inthe ‘Configuration Parameters’ form:

a. Set the stop time of the Simulink simulationto 1000e-6 in ‘Stop time’
field.

b. Leave all other settings to their default, and click ‘OK’ to close the
‘Configuration Parameters’ form.

23.Save the changes if any to the testbench. You can also Save the ‘unmodified’
design with a different name, by navigatingto File -> Save As..option and
give it a desired name.

This completes the necessary modifications on the MATLAB/Simulink side. To
continue with the further steps in this RAK, you can use the updated Simulink
‘unmodi fied’ testbench that you have just created from above steps (OR) use the
already available ‘modified’ testbench inthe Tutoriall ‘spectrerf demo’

database of ‘LAN 802.11’ block.
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Setting up the cosimulation from ADE

This section describes how to setup a cosimulation using the Virtuoso ADE. If you are
using the standalone version of SpectreRF, skip this section and go to the following
section “Setting up the cosimulation from Standalone SpectreRF”.

In this section, the schematic shown in Figure 27 includes an RF transmitter module
design with filters, and up-converting mixer, and an amplifier. To speed-up the
simulation, the RF components are modeled in the complex base-band domain using
Verilog-A. You can use the same approach to perform equivalent behavioral passband
and transistor-level simulations.

Figure 27: Baseband model for RF Front-End Transmitter

Virtuoso® Schematic Editor L Editing: COSIM tutoriall schematic
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m|> | cmd: seto ]

Note: This schematic has two pwl ‘vsource’ components at the input. These are used
as input to test the model. For cosimulation, these two sources are overloaded and
generate output with the input data from MATLAB.

24.Ensure that you are in the SpectreRF simulink example directory. If not,
then navigate to this directory, using below command.

25.From this directory, launch ‘virtuoso’
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Unix> virtuoso &

26.From the Library Manager, navigate to COSIM -> tutoriall, and open its
‘schematic’ view, as shown in Figure 28.

Figure 28: Library Manager

Library Manager: Directory ...ion/SpectreRF_simulink_example

File Edit View DesignManager Help cjden(e
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ahdlLib
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rfExamples
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The schematic view is opened.

27.From the schematic, navigate to Launch -> ADE Explorer option, as
shown in Figure 29.
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Figure 29: 'schematic' of COSIM tutoriall
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28.In the ‘Launch ADE Explorer’ pop-up form as shown in Figure 30, choose
‘Open Existing View and select ‘maestro’ View of ‘tutoriall’ Cell from
COS1IM Library, as shown in Figure 31.

Figure 30: Launch ADE Explorer form

i Paunch ADE Explorer =]

ADE Explorer

— Create Mew View #2 Open Existing View

o T

Click ok on this form.
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Figure 31: Opening maestro view of tutoriall cell from COSIM Library in
ADE Explorer

L Open ADE Explorer View x
File
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m Cancel Help

The corresponding ‘maestro’ (ADE Explorer) view is opened, as shown in
Figure 32.

——
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Figure 32: ADE Explorer window after opening the maestro view of tutoriall
cell
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29.From the ADE Explorer window, navigate to Setup -> MATLAB/Simulink
-> Setting.. option as shown in Figure 33.
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Figure 33: MATLAB/Simulink Settings
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30.The ‘Cosimulation Options’ form appears as shown in Figure 34.

——
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Figure 34: Cosimulation Options form for Tutoriall
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Here all the ‘Cosimulation Options’ settings are pre-filled in the form, but
the Cosimulation Options fields can be set using the following procedure.

a. Inthe Cosimulation Options form, click the ‘Select’

SEE button

located beside ‘Cosimulation inputs’ field.

b. The corresponding ‘schematic’ design view will be automatically opened,
where you will see the following information below the schematic window.

Select source instance as cosimulation inputs.

when done.

Press Esc
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Select both the ‘vsource’ components, vI and vQ one after another, and
then press the Esc key.

c. The corresponding ‘Cosimulation inputs’ field will be filled with an entry:
VI:wave VQ:wave

d. Inthe Cosimulation Options form, now click the ‘Select’ button located
beside ‘Cosimulation outputs’.

e. The corresponding ‘schematic’ view will be automatically opened, where
you will see the following information below the schematic window.

Select Net/Terminal as cosimulation outputs. Press Esc
when done.

Selectthe TX AFE OUT BB I and TX AFE OUT BB_OQ nets one after the
another, and then press the Esc key.

The corresponding ‘Cosimulation outputs’ field will be filled with an
entry as mentioned:

TX AFE OUT BB I TX AFE OUT BB Q

f. Ensure that the value of ‘Cosimulation socket port’field is the same
as the port value of the SpectreRF Engine block defined in the previous
‘Modifying the design and Setting up the cosimulation from
MATLAR’ section.

In this case, it is setto ‘38520’.

g. Inthe ‘Cosimulation timeout’ field, the value entered is the same as the
‘Simulation response timeout (>30 secs)’field of SpectreRF
Engine block defined in the previous ‘Modifying the design and
Setting up the cosimulation from MATLAB’ section.

Hence, it is set to ‘60’ seconds.
h. Keep the ‘MATLAB start host’ option setto default ‘1ocalhost’.

i. Under the ‘ADDITIONAL SETTING, make sure to keep the ‘Start MATLAB’
option set to ‘no’ for this section. You may try the other ‘Start MATLAB’
options such as ‘before Simulation’and ‘now’ depending on your current
requirement.
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Note: More details and usage of the ‘ADDITIONAL SETTING fields are
described in the next section, ‘Tutorial 2’

j. At the bottom of this Cosimulation Options form, turn on the ‘Enabled’
checkbox.

The final ‘Cosimulation Options’ form should look as shown above in
Figure 34.

k. Click ‘2apply’ to apply the changes, and ‘0K’ to close the form.
31.Switch back to the ‘maestro’ tab, if you are on the ‘tutoriall’ schematic tab.

32.From the ADE Explorer, navigate to Analyses -> Choose.. as shownin
Figure 35. The ‘Choosing Analyses — ADE Explorer’ form opens as
shown in Figure 36.

Figure 35: Choose Analyses
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Figure 36: Setup for the transient analysis
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33.Setup a ‘tran’ analysis.

a. The ‘Stop Time’ can be any value. Here we have set it to ‘1’ second.
The SpectreRF simulator synchronizes the stop time with Simulink.

b. The default accuracy is set to ‘moderate’.

c. Ensure that the ‘Enabled’ checkbox at the bottom of this form is selected.
The final ‘Choosing Analyses’ window will look as shown in Figure 36.

d. Click ‘OK’ on this form.

34.Ensure that the Design Variables, ‘GAIN PA’and ‘CP_PA’ are assigned a
default value of ‘35’ and ‘24’ respectively in ADE as shown in Figure 37.
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35.From the ADE Explorer (maestro) view, navigateto Simulation ->
Netlist -> Create, as shown in Figure 37.

Figure 37: Netlist generation for transient simulation
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36.Make sure the generated netlist has the following simulinkCosim cosim
statement appearing in it, as shown in Figure 38.

——
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Figure 38: Netlist containing the cosimulation statement

File Edit View Help cadence
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I4 (netB39 TH_AFE_IN_I netBdd TX_AFE_IN_Q) BB_driver rout=58 power_level=@
VQ (netB4@ @) vsource type=sine fregq=2M fundname="n2"
VI (netB39 B) wsource type=sine freg=4M fundname="n1"
simulatorOptions options psfversion="1.1.8" reltol=1e-3 vabstol=le-6&
iabstol=1e-12 temp=27 tnom=27 scalem=1.8 scale=1.8 gmin=1e-12 rforce=1 %
maxnotes=5 maxwarns=5 digits=5 cols=8@ pivrel=le-3 3
sensfile="../psf/sens.output" checklimitdest=psf
tran tran stop=1 errpreset=moderate write="spectre.ic" \
writefinal="spectre.fc" annotate=status maxiters=5
finalTimeOP info what=oppoint where=rawfile
simulinkCosim cosim inputs=["VI:wave" "VO:wave"] \
outputs=["TX_AFE_OUT_BB_I" "TX_AFE_OUT_BE_Q"] port=38528 timeout=6@
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element info what=inst where=rawfile
outputParameter info what=output where=rawfile
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ahdl_ineclude "/eccstools/cdsindl/Software/IC618ISR2_1nx86/tools/dfII/samples/artist/rfLib/BE_driver/veriloga/veriloga.va"

12 | Search for text in the current buffer L37 20

37.Close the netlist generated window and corresponding ‘maestro’ view.

38.Save the changes to your maestro view by clicking ‘Yes’ on the ‘ADE Explorer
Save Setup’ form that appears as shown in Figure 39.
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Figure 39: ADE Explorer Save Setup form
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This step completes the section of ‘Setting up the cosimulation from

ADE'.

Setting up the cosimulation from Standalone SpectreRF

39.1f you have already generated a netlist using ADE, skip this section and go
directly to the next section, ‘Running the Cosimulation with

SpectreRF’.

The netlist used in this tutorial is based on the behavioral RF Front-End
transmitter model.

40.Assuming you are in the ‘SpectreRF simulink example’ directory, from the
above section, navigate to the ‘tutoriall’ directory inside it, as shown.

Unix> cd tutoriall

41.Inside ‘tutoriall’ directory, you would see the behavioral verilogA modules for
each of the SpectreRF front-end transmitter model, along with the
tutoriall.scs netlist.

[pashish@nol-pashish tutoriall]$ 1s
BB driver butterworth 1p filter IQ mod BB PA BE res BB tutoriall.scs

49.0pen the netlist file tutoriall/tutoriall.scs in edit mode.

50.Add a ‘matlab cosim’ statement (if it is not already present), after the transient
analysis declaration inside the netlist, as shown.

For example,

matlab cosim design="../tutoriall.mdl" server="localhost"
port=38520 inputs=["VI:wave" "VQ:wave"]
outputs=["TX AFE OUT BB I" "TX AFE OUT BB Q"]
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51.The updated netlist, tutoriall. scs will now look as shown in Figure 40.

Figure 40: tutoriall.scs netlist

file Edit Tools Syntax Buffers Window Help

S2Rs @ B & e« 605 %

// Generated for: spectre 1o
// Generated on: Sep 6 14:59:22 2006

// Design library name: test

// Design cell name: TRANSMITTER_BB_bench
// Design view name: schematic

simulator lang=spectre

global @

parameters GAIN PA=35 CP_PA=24

// Library name: test

// Cell name: TRANSMITTER_BB_bench

// View name: schematic

I3 (TX_AFE_OUT BB_I 0 TX_AFE_DUT BB_Q @) res_BB res=50 noise_ switch=0

Il (PA_IN_BB_I TX_AFE_OUT BB_I PA_IN_BB_Q TX_AFE_OUT_BB_Q) PA_BB \
galn=GAIN_PA cpdb=CP_PA rin=58 rout=58 pscp=0.7 psinf=2 shp=2 cw=0 \
nf=0

10 (UPCONVERTER_IN_I PA_IN_BB_I UPCONVERTER_IN_Q PA_IN_BB_Q 0) IQ_mod_BB \
I_gain=0 Q_gain=0 I_cpdb=24.0 Q_cpdb=24.0 rin=50 rout=50 \
I_pscp=0.7 Q_pscp=0.7 I_psinf=2 Q_psinf=2 I_shp=2 Q_shp=2 I_cw=0 \
Q_cw=0 nf=0 quad_error=0

17 (TX_AFE_IN_Q UPCONVERTER_IN_Q) TRANSMITTER BB_bench_I7 rl=50 r2=50 \
fc=1000e6 loss=0

ahdl_include "filter/TRANSMITTER_BB_bench_I7.va"

125 (TX_AFE_IN I UPCONVERTER IN I) TRANSMITTER BB bench I25 r1=50 r2=50 \ =
fc=1000e6 loss=0

ahdl_include "filter/TRANSMITTER_BB_bench_I25.va"

I4 (net039 TX AFE_IN I net040 TX AFE IN Q) BB driver rout=50 \
power_level=0

VQ (net@40 6) vsource type=sine freg=2M fundname="n2"

VI (net@39 0) vsource type=sine freg=4M fundname="nl"

simulatorOpticns options reltol=le-3 vabstol=le-6 iabstol=le-12 temp=27 \

tnom=27 scalem=1.0 scale=1.0 gmin=le-12 rforce=l maxnotes=5 maxwarns=5 \
digits=5 cols=80 pivrel=le-3 ckptclock=1800

tran tran stop=1.004m errpreset=moderate write="spectre.ic" \
writefinal="spectre.fc" annotate=status maxiters=5

matlab cosim design="../tutoriall.mdl" server="localhost" port=38520 inputs=["VI:wave" "VQ:wave"] outputs=["TX_AFE_OUT_BB_I" "TX AFE_OUT BB Q"]

saveOptions options save=allpub

ahdl_include "res_BB/veriloga/veriloga.va"

ahdl_include "PA_BB/veriloga/veriloga.va"

ahdl_include "I0_mod_BB/veriloga/veriloga.va"

ahdl_include "BB_driver/veriloga/veriloga.va"

. =
"tutoriall.scs" 45 lines, 1951 characters written

The parameters for the ‘matlab cosim’ statement used for cosimulation are
described below in Table 2.

Table 2: Virtuoso ADE MATLAB cosimulation parameters and their details

Parameter Meaning

design MATLAB/Simulink design name.

Basically, it refers to the file, Simulink associates with the
netlist.

For example, design="tutorial .mdl”
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means the testbench whose file is tutoriall.mdl

inputs=[..]

Input vector to identify the flow from MATLAB to SpectreRF
Engine. The format is

” A\ W

[Y"instance name:wave instance namel:wave”

)
where, wave is a keyword.

Note:_The sequence of instances in square brackets follows
the same one as the SpectreRF Engine port labels. This label
information can be found by double-clicking the SpectreRF
Engine and then by enabling the *Show engine port
labels’ checkbox at the bottom, in the Block Parameters of
the SpectreRF Engine, as shown.

‘[cadence]|

SpectreRF Engine

Once the inputs are set in the netlist, the sources (such as vI
and vQ, shown in Step 2 of this section) associated with the
inputs are meaningless and their parameters (such as
type=sine freq=2M fundname="n2” for vQ source) do
not affect the simulation.

outputs=/[..]

Output vector from SpectreRF Engine to MATLAB. It can be
the net name or terminal name of interest.

Note: If the net name is selected, only voltage is given;
If terminal name is set, only current is output.

To get current in an envelope (env1p) analysis, you must add
probes in the topology.

port

The one on the server running MATLAB. Its value should be
the same as the value in the SpectreRF Engine in your
current MATLAB design.

For example, port=38520 is being used here as the co-
simulink listen port.
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server

The name of the machine that MATLAB starts. It can be set
with the machine name or with the IP address of that
machine. The accepted form is

server = “155.110.110.110"
and
server = “bj21lnx20”

server = “localhost” means that Spectre and MATLAB
use the same machine.

silent

Tells MATLAB whether to open the window during simulation.
If silent=yes, the testbench window is opened.

Basically, it launches MATLAB with parameter -nodesktop.
Its possible values are no and yes.

timeout

The period of time MATLAB spends waiting for a response
from the Spectre simulator.

timeout=60 s
stops MATLAB if it does not receive any response.

i.e. it is the socket timeout in seconds. Default value is 60
seconds.

ratio

It's the Hold time ratio between two sample points. Default
value is 0.

After performing the above steps from this section, ‘Setting up the
cosimulation from Standalone SpectreRF’, the netlist,
tutoriall.scs is now ready for cosimulation.

Running the cosimulation

52.0pen the ‘unmodified’ testbench for ‘LAN 802.11’ block from ‘tutoriall’ of
‘spectrerf demo’ Library, having the SpectreRF Engine component
instantiated for running the cosimulation, if you have not closed the already
opened Matlab session from previous section, ‘Modifying the design and
Setting up the cosimulation from MATLAB'.
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If you have closed Matlab from previous section, ensure that you are in the
‘SpectreRF simulink example’directory, and launch ‘matlab’ from there,

using the below command.
Unix> matlabs

Note: You can use the testbench just saved from the above section or use the
already available ‘modi fied’ testbench of LAN 802.11 block from
‘tutoriall’ Simulink library having the SpectreRF Engine component, for
running the cosimulation. Figure 41 shows a snapshot of the ‘unmodified’
testbench to be used in the following steps.

Figure 41: ‘unmodified’ tutorial1 testbench for running cosimulation
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53.From the opened ‘unmodified tutoriall testbench of MATLAB design

[ 2N
window, click Simulation -> Run or hitthe green Run ~  button directly

from the MATLAB window.
The MATLAB desktop issues the following message:

block 'unmodified/SpectreRF Engine': (COSIM OK) Waiting for
incoming connection on port 38520, timeout: 60 sec

The above message can be seen by navigating from the MATLAB window to
View -> Diagnostic Viewer.
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[
54.Immediately after pressing the ~  button, move to Step 55.

Note: The time interval between Step 53 and Step 54 must be within the
Simulation response timeout value defined as ‘Block Parameters’ of
the SpectreRF Engine component (you may check by double-clicking the
SpectreRF Engine block).

Here, in this case, it is ‘60’ seconds.

55.You may run the simulation from ADE or from the Unix command-line,
depending on your interest.

A. From ADE

To run the simulation from ADE, please ensure that the corresponding ‘maestro’
view of COSIM -> tutoriall schematic cell is already opened from the
previous ‘Setting up the cosimulation from ADE’ section.

i. If not, then launch virtuoso first from the
‘SpectreRF simulink example’ directory:

Unix> virtuoso &
ii.  Then navigate from the Library Manager to
Library -> COSIM
Cell -> tutoriall
View -> maestro

as shown in Figure 42.

——
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Figure 42: Library Manager for COSIM tutoriall testbench

Library Manager: Directory ...ion/SpectreRF_simulink_example
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The corresponding ADE Explorer window with maestro view opens.

iii.  Hit the green ‘Run Simulation’ > button from the right edge of ADE
Explorer orclickon Simulation -> Netlist and Run option from
menu bar, as shown in Figure 43.
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Figure 43: Running cosimulation from ADE
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B. From Standalone SpectreRF

i. To run the simulation from Unix command-1ine, please navigate from
your current working ‘SpectreRF simulink example’ directory to
the ‘tutoriall’ directory.

ii. Run the simulation using the ‘spectre’ run command with the
tutoriall.scs netlist available (which you have modified from the
previous section, ‘Setting up the cosimulation from
Standalone SpectreRF’, having the ‘matlab cosim’ statement
inside it), as shown.

Unix> spectre tutoriall.scs

iii. The cosimulation immediately begins. The MATLAB desktop issues a
message like the following, when simulation ends.

block 'unmodified/SpectreRF Engine': (COSIM OK)
Simulation finished
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The above message can be seen by navigating from the MATLAB
window to View -> Diagnostic Viewer.

56. After running the simulation from ADE or through Unix command-1ine, you
would see a message as shown in Figure 44 (this is from ADE) generated in
spectre output log, that ensures the cosimulation has happened successfully:

Co-simulation info: co-simulation activated with block
running on localhost port 38520.

|
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Figure 44: Generated spectre.out log after cosimulation

File Edit View Help cadence

Circuit inventory:
nodes 18
BB_driver 1
I0_mod_BB 1
PA_BE 1
rez_BE 1
resistor 16
tutoriall_I7_behavioral 1
tutoriall_I25_behavioral 1
vsource 2

Analysis and control statement inventory:
cosim 1
info 7
tran 1

Output statements:
.probe B8
JMmeasure @
zave @

Notice from spectre during initial setup.
4 resistors are changed to resistance form because their value are less than 'rthresh'.
3 notices suppressed.

Time for parsing: CPU = 9.999 mg, elapsed = 88.721 ms.
Time accumulated: CPU = 1.37479 s, elapsed = 28,324 g,
Peak resident memory used = 77.7 Mbytes.

Notice from spectre.
Co-simulation info: co-simulation activated with block running on localhost port 38526,
Warning from spectre.
WARNING (SPCRTRF-15176): cosim Info: The specified StartTime or StopTime in tran does not

**ri_(**************************************************

L ]

:r‘ > 254  Cl6

57.The MATLAB result plots are generated from Spectrum Scopel and
Spectrum Scope?2 as shown in Figure 45 and Figure 46.

- | o
Note: You may need to use the ‘Zoom-In’ — feature available in the below
Matlab plots to see the required region of interest.
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Figure 45: Spectrum Scopel
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Figure 46: Spectrum Scope2
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58. After the Spectre and Matlab cosimulation finishes, review the
MATLAB/Simulink output.

Bit error does occur with these settings as shown in Figure 47. The input

spectrum and output spectrum are different because the RF transmitter chain is
non-ideal.

Figure 47: Bit Error Rate (BER) after cosimulation
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The results are captured in the Scatter Plot (Received Signal), (also
known as Constellation Diagram) as shown in Figure 48 with design parameters
GAIN PA=35and CP_PA=24.

Figure 48: Scatter Plot (Received Signal) after cosimulation
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59.Close all the MATLAB graphs, its associated ‘unmodified’ or ‘modified’
LAN 802.11 tutoriall testbench, and exit from Matlab environment.

Save the MATLAB testbench workspace if any changes done.

60. Close the associated ‘Virtuoso’ ADE Explorer maestro’ and ‘schematic’
view of COSIM tutoriall, (SAVE the changes if any), and exit from your
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virtuoso session, by navigating from the Virtuoso Command Interpreter Window
(CIW)to File -> Exit..as shown in Figure 49.

Figure 49: Exit from Virtuoso session
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Tutoriall shows the basic steps involved in setting-up and running a SpectreRF <->
MATLAB cosimulation. In this tutorial, you start with two applications separately and
then use a transient analysis to solve the circuit.

=

The next tutorial illustrates additional use modes and shows how to use an envelope
(envlp) analysis in SpectreRF simulator co-simulating with Matlab/Simulink.

Tutorial 2

Tutorial 2 demonstrates Matlab/Simulink and SpectreRF cosimulation, while the
SpectreRF simulator runs an envelope (env1p) analysis. The MATLAB schematic,
named as ‘env_d’, used in this tutorial is shown in Figure 50, in which the ‘Sine
Wave’ block outputs a sine wave into two chains.

——
Learn more at Cadence Support Portal - https://support.cadence.com

© 2019 Cadence Design Systems, Inc. All rights reserved worldwide. Page 51



Cosimulation with SpectreRF and MATLAB®/Simulink®

Figure 50: ‘env_d’ schematic testbench of Tutorial2 used for envelope analysis in
cosimulation
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The top chain in the above MATLAB schematic contains Buffer, SpectreRF
Engine, and Unbuffer components. The bottom chain contains only Buffer1 and
Unbufferl components, that provides the reference for the top chain.

The results are displayed in the Scope component.

In this Simulink testbench in Tutorial?2, if you see that by default some of the block
names are hidden, please follow the steps to display all the block names in your
Simulink model:

a. Click on the “Display” tab on the menu options at the top of the Simulink
model editor.

b. Then uncheck the “Hide Automatic Names” option.
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In this tutorial the SpectreRF Engine component instantiated inside Simulink
testbench performs the mixing function. Figure 51 shows the schematic view of the
tutorial2 cell from the COSIM library.

Figure 51: tutorial2 schematic of mixing circuit for modulating signal
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The low frequency signal in MATLAB is fed into the SpectreRF modulating circuit, mixed
there with a high frequency signal, and then output back to MATLAB. With the envelope
(envlp) analysis, the envelope is obtained at the terminal of interest from MATLAB.

Tutorial 2 illustrates the following use mode:

a. First use Mode:

Manually running Spectre simulation from ADE and calling MATLAB from ADE.

b. Second use Mode:
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Manually running Matlab/Simulink and activating Spectre simulation
through Simulink.

Each of these modes is described in detail in the following sections.

First use Mode
Setting up the cosimulation from ADE

If you are using SpectreRF standalone, skip this section and go the next “second
use Mode (Setting up and Running the cosimulation from
Standalone SpectreRF)” section

1. Ensure that you are in the ‘SpectreRF simulink example’ directory, as
shown.

Unix> pwd
/../home/../RAK/SpectreRF simulink example
If you are not in this directory, then navigate to the same.

2. From this directory, launch virtuoso, using the below command.
Unix> virtuoso &

3. Fromthe Library Manager, navigate to COSIM -> tutorial2, and open its
‘schematic’ view, as shown in Figure 52.

Library -> COSIM
Cell -> tutorial?

View —-> schematic

——
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Figure 52: Opening schematic view of tutorial2 cell in COSIM library from
Library Manager
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The schematic view is opened.

4. From the schematic window, navigate to Launch -> ADE Explorer option, as
shown in Figure 53.

|
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Figure 53: Launch ADE Explorer from 'schematic' of tutorial2 testbench
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5. Inthe ‘Launch ADE Explorer’ pop-up form as shown in Figure 54, choose
‘Open Existing View and select ‘maestro’ view of ‘tutorial?2’ Cell from
COS1IM Library, as shown in Figure 55.

Figure 54: Launch ADE Explorer form
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Click ‘0K’ on this form.
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Figure 55: Selecting 'maestro’ view of tutorial2 testbench
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The corresponding ADE Explorer window is opened, as shown in Figure 56.

Learn more at Cadence Support Portal - https://support.cadence.com
© 2019 Cadence Design Systems, Inc. All rights reserved worldwide. Page 57



Cosimulation with SpectreRF and MATLAB®/Simulink®

Figure 56: ADE Explorer window showing ‘maestro’ view of tutorial2 cell
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6. From the ADE Explorer, havigate to Setup -> MATLAB/Simulink ->
Setting.. option as shown in Figure 57.

——
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Figure 57: Matlab/Simulink Settings from ADE

Virtuoso® ADE Explorer Editing: COSIM tutorial2 maestro

Launch  Session i Analyses Variables Outputs Simulation Results Tools EAD  Parasitics/LDE Window Help ci dence
115 62 | @ o sewn - IE e Bl BT @
Setup # Design .. prial2 [# maestra =

ey 3
R

Traas

Simulator ...

n Save Options ...

Name ne | Type | Details

> @ COSIM:tutor] High-Ferfarmance simulation ...

’ & Simulator s| 4y Maodel Libraries ..
EI'%; Analyses )
i° Temperature ..
i wenvlp O -

S stimuli .

E'& Design Varig Sirulation Files ..

4

ENVIR Analysis ...

5 ¥ & Paramet

MATLAB/Simulink

[%lz‘—'ﬂ Corners| () Environment ... .
) Log File ...
S Nominal =

| Reliability Analyses
_'® Monte Carlo Sampling
_| Checks/Asserts

F mv X

o I
limouse L M: R:
6:10:|| Setting ... | COSIM tutorial2 schematic | Simulator: spectre D|

The ‘Cosimulation Options’ form appears as shown in Figure 58.
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Figure 58: Cosimulation Options form for tutorial2

L Cosimulation Options »

BASIC SETTING
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Enabled v

Here all the ‘Cosimulation Options’ settings are already pre-filled in the

form, but the cosimulation option fields can be set as described in the following
steps.

a. First, examine the possible values for the ‘Start MATLAR’ field present
under the ‘ADDITIONAL SETTING' section as shown in Figure 59.

The behavior of each option is described in the following Table 3.

Figure 59: 'Start MATLAB' options from ADE

Start MATLAB — no ®& before Simulation . now
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Table 3: Options to start MATLAB from ADE window and their details

Value

Behavior

now

ADE launches a MATLAB session and opens a
MATLAB desktop that is no different than it would be
if you launched it manually.

When you use the now value, you must start the
simulation in the Simulink design before starting the
SpectreRF simulation.

Using the now value is a good way to test whether
ADE can start MATLAB and open the design
successfully.

before Simulation

ADE launches an internal MATLAB session, and no
MATLAB desktop appears. ADE opens the specified
MATLAB design and initiates the MATLAB simulation
before Spectre simulation starts. ADE starts MATLAB
once but cannot start it again before you close the
first session.

Cadence suggests using the now value as a test
before you run with the before Simulation value.

The now and before Simulation values share
one log file, which can be opened by choosing Setup
-> MATLAB/Simulink -> Log File.. option
from the ADE. You can use the log file to monitor the
simulation when no MATLAB desktop is visible.

no

When this option is selected, the MATLAB start
command, MATLAB startup directory, and
MATLAB design name fields become deactivated.

When you use the no value, you must manually start
the simulation in the Matlab/Simulink design before
starting the SpectreRF simulation.

b. Inthis Cosimulation Options form, under the ‘ADDITIONAL SETTING’
section, for the ‘Start MATLAB’ field, select ‘now’.
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The MATLAB start command, MATLAB startup directory and
MATLAB design name fields become active in the Cosimulation
Options form

c. Forthe MATLAB start command field, enter matlab.

d. Forthe MATLAB startup directory, enter the complete absolute path to
your current Matlab startup directory.

For example, in this case, it is set to

/home/../SpectreRF simulink example

In case, if there is any other path set, ensure to change it properly to point to
your current working directory.

e. Type env dinthe MATLAB design name field.
where, ‘env_d’is your Simulink block present under Tutorial2.

Note: No need to add the extension, *.md1 to the above ‘env_d’ Matlab design,
as the tool will automatically pick the design corresponding to its SpectreMDL
file (here, in this case, itis env_d.md1, present in your

‘SpectreRF simulink example’ directory)

After these steps, the Cosimulation Options form should look as shown in
Figure 60.
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Figure 60: Cosimulation Options settings for invoking Tutorial 2 in Matlab
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f. Inthe same Cosimulation Options form, with ‘now’ option being
selected, click the ‘start’ button located beside it for the ‘Start MATLAB’
field. You would see the following message in Virtuoso CIW session.

INFO: executing:"matlab"

A new MATLAB application starts and helps you open the design env_d, from
Tutorial2 as shown in Figure 61.
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Figure 61: spectrerf_demo Library with Tutorial2 testbench
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The corresponding ‘spectrerf demo’ Library having Tutorial2 testbench
is also opened in the background as shown in Figure 62.
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Figure 62: Tutorial2 'env_d' testbench for cosimulation

env_d - Simulink sponsored third party support use

File Edit Wiew Display Diagram Simulation Analysis Code Tools Help
iR gl R~ i @-E-e 4o P > 9~
env_d
@
@
€3]
:t . . .

A J{cadence}— E_ =
Sine Wave — SpectreRF Engine Unbuffer Srope
I:l - > J
(i B

Bufferl IUnbufferl

-H
Ready 100% FixedStepDiscrete

7. From the ‘env_d’ testbench opened inside Simulink, double-click on ‘Buffer’
component (Figure 63).

Figure 63: '‘Buffer' component of 'env_d' testbench

E_

Buffer

The corresponding ‘Block Parameters: Buffer’ form opens.

a. Set the ‘Output buffer size (per channel)’ field to 50 and set other fields as
shown in Figure 64.

The same ‘Buffer’ component property settings apply for the ‘Bufferl’
component.
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Figure 64:Setting properties of '‘Buffer" component

-

Block Parameters: Buffer B
Buffer

Convert scalar samples to a frame output at a lower rate. You can
also convert a frame to a smaller or larger size with optional overlap.
For calculation of sample delay, see the rebuffer_delay function.

Parameters

Output buffer size (per channel):

Buffer overlap:

0

Initial conditions:

0

b. Click OK when done.

8. Double-click on the ‘Sine Wave’ component in the env_d testbench.
a. Set the ‘Frequency (rad/sec) field is to “1000’.
b. Setthe ‘Sample time’ field to ‘0.5e-5’.

c. Set rest of the form as shown in Figure 65.

——
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Figure 65: Setting 'Sine Wave' component properties

Block Parameters: sine Wave. B)
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Output a sine wave:
olt) = amp*sin{Freg*t+Phase) + Bias

Sine type determines the computational technique used. The parameters
in the two types are related through:

Samples per period = 2*pi / (Frequency * Sample time)
Mumber of offset samples = Phase * Samples per period / (2%*pi)

Use the sample-based sine type if numerical problems due to running
for large times (e.g. overflow in absolute time) occur.

Parameters
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1

Bias:

0

Frequency (rad/sec):
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0
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d. Click OK when done.
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9. Double-click the spectreRF Engine block (shown in Figure 66) and set the
parameters in it as shown in following Figure 67.

Figure 66: 'SpectreRF Engine' component

—:/cadence

SpectreRF Engine

=

Figure 67: Block Parameters setup of 'SpectreRF Engine' component in
Tutorial 2

-

Block Parameters: SpectreRF Engine) &
Spectre Engine (mask) (link)

The Engine for Spectre/SpectreRF cosimulation

Parameters

Number of input pins (0...100)
1

Number of output pins (0...100)
1

Frame size (secs) -- Use -1 to inherit the frame size.

-1

sample time (secs) -- Use -1 to inherit the sample time.

2.5e-4

Socket port (1024...65535) -- Use this number in netlist cosim port setting too.
38325

Simulation response timeout (> 30 secs) -- Time allowed for Spectre to respond during simulation.

60

Socket mode -- Use UDP for no frame input and TCP for large frame input. | TCP -

Spectre Command -- The command for auto-lunch Spectre in background when simulation.

¥| Show engine port labels
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10.In this ‘Block Parameters: SpectreRF Engine’ form,
a. Setthe Number of input pins (0..100)’ field to ‘1’
b. Setthe ‘Number of output pins (0..100)’ fieldto ‘1.
c. Letthe ‘Frame size (secs)’field be setto default ‘-1’.

d. Setthe ‘Sample time (secs)’fieldto ‘2.5e-4’, which is the sample
time of [Sine Wave (=0.5e-5) * 50 * Frame size].

e. The Sample time can also be set to -1’, if you are uncertain about the
appropriate time to use.

f. Setthe ‘Socket port (1024..65535) fieldto ‘38525, i.e. to the value
you set in the Virtuoso ADE maestro ‘Cosimulation Options’
form (Setup -> MATLAB/Simulink -> Setting..) from the above
steps.

g. Leavethe ‘Simulation response timeout (>30 secs)’field setto
‘60’ seconds and ensure that the ‘Socket mode’ to use as ‘TCP’.

h. Also, make sure to leave the ‘Spectre Command’ field empty. The use of
this field will be explained in later sections.

i. You might want to enable the ‘Show engine port labels’ checkbox
to display the number of input / output ports on the ‘SpectreRF Engine’
component.

j. Click ‘oK’ when done.

11.Now, double-click on the ‘Unbuffer’ component (shown in Figure 68) from
‘env_d’ testbench.

Figure 68: 'Unbuffer’' component of 'env_d' testbench

=

Ly e

Unbuffer
The corresponding ‘Block Parameters: Unbuffer’ form opens.

12.
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a. Ensure thatthe ‘Initial conditions:’ field is setto ‘0’ as shown in
Figure 69.

The same ‘Unbuffer’ component property settings apply for the
‘Unbufferl’ component as well.

Figure 69: Setting properties of 'Unbuffer" component

Block Parameters: Unbuffer )
Unbuffer

r

Convert a frame to scalar samples output at a higher rate.

Parameters

Initizl conditions:

[

‘} Cancel Help

b. Click ‘OK’ when done.

13.Choose File -> save from the ‘env_d’ Simulink testbench, or click on the
‘save’ icon as shown in Figure 70.

——
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Figure 70: Save the 'env_d' testbench
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14.Now, switch to the Virtuoso ADE Explorer window and open the
‘Cosimulation Options’ form from the ‘maestro’ tab by navigating to Setup
-> MATLAB/Simulink -> Setting.. option.

15.In the ‘Cosimulation Options’ form, ensure thatthe ‘Start MATLABR’ option
is set to ‘now’ under the ‘ADDITIONAL SETTING' section as shown in Figure 71.

Note: You can also set the ‘Start MATLAR’ option to ‘before Simulation’
here. The ‘before Simulation’ mode launches Matlab automatically from
the Virtuoso ADE Explorer window, brings up the Simulink testbench and

then runs the cosimulation.
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Figure 71: 'Start MATLAB' option is set to 'now’
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16.In the same ‘Cosimulation Options’ form, click the ‘Select’ button besides
Cosimulation inputs field. The corresponding tutorial2 ‘schematic’
view will be automatically opened as shown in Figure 72.

Figure 72: Selecting cosimulation inputs from tutorial2 schematic
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In the schematic window shown in Figure 73 you will see the following
information at the bottom of schematic window.

Select source instance as cosimulation inputs. Press Esc
when done.

17.0n the schematic, select only the ‘vsource’ component, Vi, and then press the
Esc key to finish.

The corresponding ‘Cosimulation inputs’ field will be filled with an entry as
shown.

Vi:wave

18.From the Cosimulation Options form, now click the ‘Select’ button located
beside ‘Cosimulation outputs’ field. The corresponding tutorial?2
‘schematic’ view will be automatically opened, where you will see the following
information at the bottom of schematic window.

Select Net/Terminal as cosimulation outputs. Press Esc when
done.

19.0n the schematic window, select the net oUT, and then press the Esc key to
finish.

The corresponding ‘Cosimulation outputs’ field will be filled with an entry as
shown.

ouT

20.Click the ‘Fit Expression for envlp output’ button available as shown
in Figure 73. The Fit Expression form appears.

Figure 73: 'Fit Expression for envlp output’ button

Fit Expression for envip output

21.Inthe ‘Fit Expression’ form, select output OUT, change the harmonic to ‘1’,
and change the type to mag from the drop-down list, as shown in Figure 74.
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Figure 74: 'Fit Expression' form for 'envip' analysis output
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22.Click the ‘button, and then click ‘0K’ to close the Fit Expression

form.

23.The corresponding ‘Cosimulation outputs’ field is now changed to the
expression

mag (harmonic (OUT, 1))

24.Ensure that the value of ‘Cosimulation socket port’fieldis the same as
the port value of the SpectreRF Engine block defined in the above steps of

this section.
In this case, it is setto ‘38525".

25.In the ‘Cosimulation timeout’ field, the value entered is the same as the
‘Simulation response timeout (>30 secs)’field of SpectreRF
Engine component defined in the above steps of this section.

Hence, it is set to ‘60’ seconds.

Keep the ‘MATLAB start host’ option setto default ‘1ocalhost’.
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26. At the bottom of this Cosimulation Options form, turn on ‘Enabled’
checkbox.

The Cosimulation Options form after all the settings done from Step 15 to
Step 26 should look as shown in Figure 75.

Figure 75: Cosimulation Options settings for tutorial2 testbench
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27.Click ‘OK’ to apply the changes.

28.Switch to the ‘schematic’ view of ‘tutorial2’ and set the frequency of the
‘vsource’ component ‘Vii’to ‘1M as shown in Figure 76.

29.Click ‘OK’ when done.
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Figure 76: Setting 'Vii' source component properties
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30.Perform ‘Check and Save’ onthe tutorial2 ‘schematic’ testbench.
31.Switch back to the ‘maestro’ tab, from the tutorial?2 ‘schematic’ tab.

32.From the ADE Explorer window, havigate to Analyses -> Choose..
option. Use the ‘Choosing Analyses - ADE Explorer’ formto add an
envlp analysis.

33.Select ‘env1p’ analysis option from the Choosing Analyses form.

a. Underthe ‘Envelope Following Analysis’ section, setitto
‘Classic’ mode
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b. Setthe ‘Engine’ as ‘Harmonic Balance’.
c. Make the ‘Stop Time’field setto 10m as shown in Figure 77.

Figure 77: Classic Envelope analysis with Harmonic Balance (HB)

engine
Envelope Following Analysis
& Classic ... Wireless
Engine _ Shooting ® Harmonic Balance
Stop Time 10m Seart ACPR Wizard

d. With the ‘Tones’ mode set to ‘Frequencies’, select the ‘Number of
Tones’ as ‘1.

e. To match the fast frequency of ‘1MHz’ set for ‘vsource’ component ‘Vii’
in the schematic, set the Fundamental Frequency to ‘1M under the
‘Number of Tones’ section for Tone1.

f. Setthe Number of Harmonics to ‘5. This value should be larger than
‘1’, because the 15t Harmonic is used in the cosimulation.

g. Keep the ‘Oversample Factor’ setto‘l’,and ‘Freqdivide Ratio’to
‘1’ by default.

h. Make the ‘Time Step Control’fieldto ‘adaptive’.

i. For the accuracy, keep the default ‘moderate’ settings under the
‘Accuracy Defaults (errpreset)’option.

J. Here, we are setting the ‘of £’ option as the ‘Fast envlp mode’.
k. Click the ‘Enabled’ checkbox at the bottom of the ‘env1p’ analysis.

After performing the above steps, the Choosing Analyses - ADE Explorer
form for ‘env1p’ analysis will look as shown in Figure 78.

I. Click ‘0K’ on this ‘env1p’ analysis form to apply the changes.
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Figure 78: Setup for the Envelope (envilp) analysis
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34.In order to generate the netlist, from the ADE Explorer (maestro) view,
navigate to Simulation -> Netlist -> Create as shown in Figure 79.

Figure 79: Netlist generation from ADE after setting ‘envip' analysis
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35.Display the generated netlist and review it. It would look as shown in Figure 80.

Make sure the simulinkCosim cosim Statement to be used for cosimulation
appears in it.
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Figure 80: 'evnlp' analysis netlist with cosimulation statement
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port=38525 timeout=6A

modelParameter info what=models where=rawfile

element info what=inst where=rawfile

outputParameter info what=output where=rawfile

designParamVals info what=parameters where=rawfile

primitives info what=primitives where=rawfile

subckts info what=subckts where=rawfile

savelptions options save=allpub

ahdl_include "/ccstools/cdsindl/Software/IC618ISR2_1nxkB6/tools/dfII/samples/arti]

)

12 L1 1

This step completes this section of ‘Setting up the cosimulation from

ADE.

Running the cosimulation from ADE

36.Since we had set the ‘Start MATLAB’ option to ‘now’ under the
‘Cosimulation Options’ form in ADE from the above section, ‘Setting up
the cosimulation from ADE’, ensure that the Matlab ‘env d’ Tutorial2
Simulink testbench is already opened in the background as shown in Figure 81.
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Figure 81: 'env_d' Simulink testbench for cosimulation
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Note: When you use the ‘now’ Start MATLAB option, you must start the
simulation in the Matlab/Simulink design before starting the SpectreRF
simulation from Virtuoso ADE.

37.To start the Matlab/Simulink simulation of Tutorial2 ‘env_d’ testbench, hit

| .
the green Run = button (or) click Simulation -> Run from the
Matlab/Simulink window.

Immediately after pressing the green Run button from Simulink testbench,
move to Virtuoso ADE Explorer window with ‘maestro’ view and execute

the next step (Step 38).
38.From the ADE Explorer ‘maestro’ view, hitthe green ‘Run Simulation’

button from the right edge of ADE Explorer, Or navigate to Simulation
-> Netlist and Run option as shown in Figure 82.
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Figure 82: Netlist and Run the cosimulation from Virtuoso ADE
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The cosimulation automatically runs the MATLAB -> ‘env_d’ testbench of
Tutorial? in the background.

Note: From the earlier section on ‘Setting up the cosimulation from
ADE’ if you would have set the ‘Start MATLAB field to ‘before Simulation’
option under the ‘Cosimulation Options’ form, following message would
appear inthe virtuoso CIW.

Virtuoso® ADE : Opening MATLAB® (this may take a while -
please be patient)...

INFO: executing:"matlab"

With ‘before Simulation’ mode, Virtuoso ADE starts an internal MATLAB
session and no MATLAB desktop appears. ADE controls the MATLAB simulation

automatically, by first opening the Simulink design testbench and then triggering

to simulate it.

Virtuoso Spectre resumes running when MATLAB finishes initialization.
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39.When the cosimulation ends, the MATLAB desktop issues the following
message:

block 'env d/SpectreRF Engine': (COSIM OK) Simulation
finished

The above message can be seen by navigating from the Matlab/Simulink
‘env_d’ testbench window to View -> Diagnostic Viewer option as shown
in Figure 83.

Figure 83: Simulink Diagnostic Viewer window after finishing cosimulation

e Diagnostic Viewer (on'ldvopt280) (=) (@] ()
Diagnostics

Evﬁvuvﬁv|.{(v| @vlkg’l
env_d

* Model Save (env_d)

Model Save (env_d)
Elapsed: 0,512 s¢

+ Simulation @ 1

block 'env_d/SpectreRF Engine': (COSIM 0K) Waiting for incoming connection on port 38525,
timeout: 60 sec ...

block 'env d/SpectreRF Engine': (COSIM 0K} Simulation finished

40. After running the cosimulation from Virtuoso ADE, you would see the following
message (as shown in Figure 84) inside the generated spectre output log:

Co-simulation info: co-simulation activated with block
running on localhost port 38525.
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Figure 84: Generated spectre.out after cosimulation of ‘envip' analysis
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41.Now, switch to the Matlab/Simulink environment of ‘env d’ testbench and
double-click on the ‘Scope’ block to get the resulting plot as shown in Figure 85.
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Figure 85: Result of envelope analysis for 'OUT' signal from 1st Harmonic
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The “blue” curve shown in above Figure 85 is the reference and the “yellow”
curve is from the SpectreRF Engine. The ‘yellow’ curve is always greater
than zero because of its amplitude output.

42.Switch back to the Virtuoso ADE Explorer window with the COSIM ->
tutorial2 -> maestro view and use the ‘Direct Plot Form’ (by
navigating from the maestro view to Results -> Direct Plot -> Main
Form..) as shown in Figure 86 to check the “harmonic time” output of node
‘OuT’.

——
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Figure 86: Invoking 'Direct Plot Form' from ADE Explorer
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43.Set the ‘Direct Plot form/, as shown in Figure 87. Under the ‘envilp’
Analysis:

a. Choose ‘Voltage’ Function,

b. ‘Select’type as ‘Net’,

C. ‘Sweep’ field as ‘harmonic time’,
d. Set ‘Modifier’ as ‘Magnitude’

e. Set ‘Harmonic Number’ as “1”

f. Select the ‘OUT’ net from the tutorial2 ‘schematic’ and click the
Plot/Replot button.
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= Direct Plot Form
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You will find that the ‘OUT’ waveform of first harmonic output is same as the one
displayed by the MATLAB Simulink ‘Scope’ block inside ‘env d’ testbench as
shown in Figure 88 below of Cadence ViVA XL window.

Figure 88: 'OUT' net plot from 1st Harmonic in ViVA XL

Virtuoso (R) Visualization & Analysis XL:COSIM tutorial2 maestro
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'/ :_/ g DD ubwindow:; 1 B 11} n Data Paoint il T Classic na lr=5|0

] cosim:tutarialz:1

Envelope Fo...ng Response

Name Vis
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time (ms)
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10(21) | Trace: h=1; v /OUT; envip magV}; History: ExplorerRun.0; Test: COSIM:tutorial2:1; Design Point: 1; Corner: nom D

44 Close the viva XL window and ‘Direct Plot Form when done.

Following steps in this section describes the behavior of Matlab/Simulink ‘env_d’
testbench when the buffer components (‘Bufferl’ and ‘Unbufferl’) are NOT used in
the bottom reference chain.

45.With the already opened Simulink ‘env_d’ testbench from above steps, now
delete the ‘Bufferl’ and ‘Unbufferl’ blocks from the bottom reference chain
and join the remaining connections.
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The resulting Matlab/Simulink ‘env_d’ testbench now looks as shown in
Figure 89.

Figure 89: Modified 'env_d' testbench without Bufferl and Unbufferl blocks

" env_d - Simulink sponsored third party support use - O x
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46.Run the cosimulation by hitting the green Run = button (or) clicking on the
Simulation -> Run option from the Tutorial2 ‘env_d’ Simulink testbench,

and immediately pressing the green ‘Run Simulation button from the
right edge (or) Simulation -> Netlist and Run option of Virtuoso ADE
Explorer window.

47.Double-click on the ‘Scope’ block from the modified Matlab/Simulink ‘env d
testbench. This will open a plot window as shown in Figure 90.

The simplified ‘env_d’ setup now having only the ‘Buffer’ and ‘Unbuffer’
blocks introduce delay in the circuit.
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Figure 90: Result of envelope cosimulation analysis with modified ‘env_d’
setup of 'OUT" signal from 1st Harmonic
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48.Plot the output in VivAa X1 browser by switching back to the Virtuoso ADE
Explorer window and launching ‘Direct Plot Form’to check the
‘harmonic time” output of node ‘OUT’.

Keep the settings for the ‘Direct Plot Form’ same as shown in Figure 87
(setup described in Step 43).

You will find that the ‘oUT’ waveform of first harmonic output is same as the one
displayed by the MATLAB Simulink ‘Scope’ block inside ‘env d’ testbench as
shown in Figure 91 below of Cadence ViVA XL window.
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Figure 91: Result of first harmonic at 'OUT' node without delay in
'Reference’ chain

Virtuoso (R) Visualization & Analysis XL:COSIM tutorial2 maestro

File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help (édel‘l(e
- ~ ~ A e R _ = ™

F-B-odomEls ¢ % 0B X QM ee )l BEES -

98 m R - (1 Data Point FYE =1

1] cosim:tutorialz:n

Envelope Following Response

Name

5.0 6.0

time (ms)

mouse L: M

11(24) | Trace: h=1; v /OUT; envlp mag(V}; History: ExplorerRun.0; Test: COSIM:tutarial2:1; Design Point: 1; Corner: nom D|

49.Close the viva XL window and ‘Direct Plot Form when done.

50.Do Not ‘save’ the changes to the modified ‘env_d’ Tutorial2 Simulink
testbench.

If you have already saved the changes, revert to the original Tutorial2 ‘env_d’
testbench by restoring the deleted blocks ‘Buffer1’ and ‘Unbufferl’, in order
to follow the steps mentioned in the next section.

51.Close all the Matlab/Simulink related graphs (if any), its associated
Tutorial2 ‘env_d’ testbench, and exit from Matlab environment.
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52.Save the Virtuoso ADE ‘maestro’ view of COSIM ‘tutorial2’ by clicking on

the ‘save’ icon El and exit the Virtuoso session by navigating from the
Virtuoso CIW to File -> Exit..as shown in Figure 92.

Figure 92: Exit from Virtuoso session
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Import ¥ kd not to forcefully close the application as it can result in data loss. ADE will

Export y [he backup is complete.

- Ls not a valid selection object
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Cloze Data... 11}

Second use Mode
Setting up the cosimulation from Standalone SpectreRF

If you have already generated a netlist using Virtuoso ADE for the COSIM
‘tutorial2’ env_d testbench, skip this section and go directly to the next section,
‘Running the cosimulation with Standalone SpectreRF’.

53.Ensure that you are in the ‘SpectreRF simulink example’ directory, as
shown.

Unix> pwd
/../home/../RAK/SpectreRF simulink example
If not, then navigate to this directory.

54.From this directory, launch virtuoso, using the below command.

Unix> virtuoso &
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55.From the Library Manager, navigate to COSIM -> tutorial2, and open its
‘maestro’ view, as shown in Figure 93.

Library -> COSIM
Cell -> tutorial?

View -> maestro

Figure 93: Opening 'maestro’ view of COSIM tutorial2
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analogLib

basic

cdsDefTechLib

functional
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56.From the ADE ‘maestro’ view generate the netlist for its corresponding design by
navigating to Simulation -> Netlist -> Create.. (0r) just perform
Simulation -> Netlist -> Display as shown in Figure 94 and save the
current netlist with the name tutorial2.scs, by performing File -> Save
As... as shown in Figure 95 in your current working directory.

|
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Figure 94: Generate the tutorial2 netlist of maestro view from ADE Explorer
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Note: Ensure that the saved netlist ‘tutorial2.scs’ of COSIM tutorial?
has the ‘simulinkCosim cosim’ statement in it.

——
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Figure 95: Saved tutorial2.scs netlist of COSIM tutorial2
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outputParameter info what=output where=rawfile
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primitives info what=primitives where=rawfile

subckts info what=subckts where=rawfile

savelptions options save=allpub
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57.0nce done, close the netlist and the associated Virtuoso ADE ‘maestro’ view

(save the changes if any), and exit the Virtuoso session from CIW by performing
File -> Exit..

58. Alternatively, you can also use the already available tutorial2. scs netlist
kept inside the ‘SpectreRF simulink example/tutorial?2’directory.

Assuming you are already in the ‘SpectreRF simulink example’ directory,
from the above steps, navigate to the ‘tutorial?2’ directory inside it, as shown.
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Unix> pwd
/../home/../RAK/SpectreRF simulink example
Unix> cd tutorial?

Inside ‘tutorial?2’ directory, you would see the behavioral verilogA module
formultiplier model, along with the tutorial2. scs netlist, as shown.

Unix> 1s
multiplier tutorial2.scs

59.0pen the netlist file tutorial2/tutorial2.scs with any editor, in edit mode
and make sure that the ‘matlab cosim’ statement includes all the parameters,
after the envelope ‘env1p’ analysis declaration, inside the netlist as shown.

For example,

matlab cosim server="localhost" port=38525
inputs=["vi:wave" ] outputs=["harmonic(out, 1)"] timeout=60

The tutorial?2.scs contents are as shown in Figure 96.

Here, the outputs=["harmonic (out, 1)"] parameter means the outputis
the 15t harmonic of the ‘OUT’ voltage.

Figure 96: tutorial2.scs netlist present inside 'tutorial2’ directory

Fle Edit Tools Syntax Buffers Window Help
E2QA| e B M€ @38 %= [¢8

simulator lang=spectre
vi (a 0 ) port type=sine freg=100 ampl=10
vii (b 0) port type=sine freg=1M ampl=1

mix (a b out) multiplier
rL (out @) resistor r=50
ri (a @) resistor r=50
rii (b @) resistor r=50

simulator lang=spectre

envl envlp stop=le-2 annotate=status fund=1M

atlab cosim server="localhost" port=38525 inputs=["vi:wave" ] outputs=["harmonic{out, 1)"] timeout=60

ahdl_include "multiplier/veriloga/veriloga.va"
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60. The other parameters for the ‘matlab cosim’ statement are already described
in detail in earlier sections.

Note: The netlist ‘tutorial2.scs’ presentinside the

‘SpectreRF simulink example/tutorial2’ directory might be slightly
different in netlist parameters, analysis or simulator options, as compared with
the already saved netlist ‘SpectreRF simulink example/tutorial2.scs’
from the Virtuoso ADE Explorer window as described in earlier steps, but
the functionality would be similar.

61. After performing the above steps, the netlist, ‘tutorial2.scs’is now ready for
cosimulation.

62.Navigate one level up from the existing ‘tutorial?2’ directory to the
‘SpectreRF simulink example’ directory as shown.

Unix> cd ../

Running the cosimulation from Standalone SpectreRF

63.0pen the Matlab/Simulink ‘spectrerf demo’ Library, ‘Tutorial2’
testbench, for ‘env’ block having the SpectreRF Engine component
instantiated, if you have not closed the already opened Matlab session from
previous section ‘Running the cosimulation from ADE’.

If you closed Matlab from previous exercises, ensure that you are in the
‘SpectreRF_simulink example’ directory, and launch matlab from there,
using the below command.

Unix> pwd
/../home/../RAK/SpectreRF simulink example
Unix> matlabé&

Open the Simulink design env_d by double-clicking the green box labeled
‘Tutorial?2’in the ‘spectrerf_demo’ Library having the SpectreRF Engine
block as shown in Figure 97. This is the same design used in the ‘First use
Mode’ section described above.
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Figure 97: 'env_d' Simulink testbench of 'spectrerf_demo’ library
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64.Double-click the SpectreRF Engine block from ‘env_d’ testbench. The Block
Parameters: SpectreRF Engine form appears.

65. Type the following into the ‘Spectre Command’ field of this Block
Parameters form as shown.

spectre tutorial2/tutorial2.scs =log spectre.out

Note: In the ‘Spectre Command’ field of this Block Parameters:
SpectreRF Engine form, you can also enter the following command to use the
already generated and saved netlist, ‘tutorial2.scs’ from the Virtuoso

ADE maestro’ view as shown in earlier ‘Setting up the cosimulation
from Standalone SpectreRF’ section

spectre tutorial2.scs =log spectre.out

66.Ensure that the Socket port field is set correctly to ‘38525’ for this ‘env_d’
testbench.

Leave all the other SpectreRF Engine block properties set to their default.

Learn more at Cadence Support Portal - https://support.cadence.com
© 2019 Cadence Design Systems, Inc. All rights reserved worldwide. Page 98



Cosimulation with SpectreRF and MATLAB®/Simulink®

The resulting ‘Block Parameters: SpectreRF Engine’ form looks as
shown in Figure 98.

Figure 98: Setting SpectreRF Engine block properties for Standalone
cosimulation

Block Parameters: SpectreRF Engine (3]
Spectre Engine (mask) (link)

The Engine for Spectre/SpectreRF cosimulation

Parameters

Number of input pins (0...100)
1

Number of output pins (0...100)
1

Frame size (secs) - Use -1 to inherit the frame size.
-1
Sample time (secs) -- Use -1 to inherit the sample time.

2.5e-4

Socket port (1024...65535) -- Use this number in netlist cosim port setting teo.
38525

Simulation response timeout (> 30 secs) -- Time allowed for Spectre to respond during simulation.

60

Socket mode -- Use UDP for no frame input and TCP for large frame input. | TCP -

Spectre Command -- The command for aute-lunch Spectre in background when simulation.

spectre tutorial2/tutorial2.scs =log spectre.out ¢

| Show engine port labels

Cancel Help Apply

67.Click ‘2pply’ and then ‘OK’ to close the Block Parameters: SpectreRF
Engine form when done.

68. (Optional): You may save the above changes by clicking on the ‘save’ button

from the Simulink ‘env_d’ testbench.
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69.From the Matlab/Simulink Tutorial2 ‘env_d’ design testbench window,
click Simulation -> Run or hit the green Run 2 button.
The MATLAB desktop issues the following message:

block 'env d/SpectreRF Engine': (COSIM OK) Waiting for
incoming connection on port 38525, timeout: 60 sec

block 'env d/SpectreRF Engine': (COSIM OK) Launch Spectre
with commad 'spectre tutorial2/tutorial2.scs =log
spectre.out'

The cosimulation immediately begins. The MATLAB desktop issues the following
message (once the simulation runs to completion):

block 'env d/SpectreRF Engine': (COSIM OK) Simulation
finished

The above message can be seen by navigating from the Matlab/Simulink
window to View -> Diagnostic Viewer option as shown in Figure 99.

Figure 99: Diagnostic Viewer of Simulink for cosimulation logs
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Model Save
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> Simulation @1
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block 'env_d/SpectreRF Engine': {COSIM_OK) Waiting for incoming connection on port 38525, timeout: 50
SEC ...
block 'env_d/SpectreRF Engine': (COSIM_OK) Launch Spectre with commad 'spectre
tutorial2/tutorial2.scs =log spectre.out'
block 'env_d/SpectreRF Engine': (COSIM_OK) Simulation finished

70.0nce the cosimulation finishes, click the ‘Scope’ output from the ‘env_d’
Matlab/Simulink testbench, and ensure that the results are same as that
produced from the ‘First use Mode’ section discussed above, as shown in

Figure 100.

Learn more at Cadence Support Portal - https://support.cadence.com
© 2019 Cadence Design Systems, Inc. All rights reserved worldwide. Page 100



Cosimulation with SpectreRF and MATLAB®/Simulink®

Figure 100: 'env_d' Simulink testbench cosimulation results from
Standalone SpectreRF
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71.(Optional): You can also run the Matlab/Simulink SpectreRF cosimulation
from Unix command-line by following the below approach.

Assuming you are in the ‘SpectreRF simulink example’ directory, enter the
following ‘spectre’ command on the tutorial?2. scs netlist available inside
the ‘SpectreRF simulink example/tutorial2’directory (having the
‘matlab cosim’ statement) (or) the generated and saved tutorial2.scs
netlist from the Virtuoso ADE ‘maestro’ view (having the ‘simulinkCosim

. . - [ 3
cosim’ statement) as shown below, immediately after hitting the green Run =
button or clicking Simulation -> Run from Matlab/Simulink environment.

Unix> spectre tutorial2/tutorial2.scs =log spectre.out

!or!
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Unix> spectre tutorial2.scs =log spectre.out

Note: Before running the cosimulation from Unix command-1ine method using
the above ‘spectre’ command, ensure that the ‘SpectreRF Engine’
component inside the ‘env_d’ Tutorial2 Simulink testbench, has the
‘Spectre Command’ field empty, and there is no ‘spectre

<netlist file>.”command entry present, as shown in Figure 101.

Figure 101: SpectreRF Engine component having 'Spectre Command' field
kept empty in Unix command-line mode

Block Parameters:'SpectreRE Engine 3]

Spectre Engine (mask) (link)

The Engine for Spectre/SpectreRF cosimulation

Parameters

Number of input pins (0...100)
1

Number of output pins (0...100)
1

Frame size (secs) -- Use -1 to inherit the frame size.

-1

Sample time (secs) -- Use -1 to inherit the sample time.
2.5e-4

Socket port (1024...65535) -- Use this number in netlist cosim port setting too.
38525

Simulation response timeout (= 30 secs) -- Time allowed for Spectre to respond during simulation.
60
Socket mode -- Use UDP for no frame input and TCP for large frame input. | TCP -

Spectre Command -- The command for auto-lunch Spectre in background when simulation.

-]

v | Show engine port labels
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72.0nce the cosimulation completes, you would see a message as shown in Figure
102 generated in the spectre output log (spectre.out):

Co-simulation info: co-simulation activated with block
running on localhost port 38525.

Figure 102: spectre.out generated after cosimulation

Fle Edit Tools Syntax Buffers Window Help

= WU = B A e« B33 a4 68

Analysis and control statement inventory: [~]
cosim 1
envlp 1

Output statements
.probe 0
.measure 0
save 0

Time for parsing: CPU = 4 ms, elapsed = 34.9209 ms
Time accumulated: CPU = 1.07784 s, elapsed = 2.97611 s.
Peak resident memory used = 72 Mbytes.

Notice from spectre.
Co-simulation info: co-simulation activated with block running on localhost port 38525, ‘::::
Warning from spectre during envelope following analysis “envl'.
WARNING (SPCRTRF-15176): cosim Info: The specified StartTime or StopTime in envl does not match
the Simulink setting, StartTime is changed to O s and StopTime is changed to 10.245 ms

T R T PR R PR e P e e

Envelope Following Analysis “envl': time = (0 s -> 10.245 ms)
g e e e R e e e PR e e PR e S e PR R S S PR S S PR S S S PR RS S TR
Onset of periodicity =0 s

Clock period = 1 us

DC simulation time: CPU = @ s, elapsed = 527.859 us.

Notice from spectre during envelope following analysis “envl'
No outputs were found. Loosening output filter criterion to “allpub’

Opening the PSF file tutorial2/tutorial2. raw/envl.td.envlp.tran ..
Important parameter values

Clock Period = 1 us

modulationbw = 2 kHe

start =0 s [+]
-- INSERT -- 109, 25 44%

73.Save the ‘env_d’ Tutorial2 Simulink testbench, by clicking on the ‘save’

button d or choose File -> Save option from the testbench.
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74.Close all the Matlab/Simulink graphs, its associated ‘env d’ Tutorial2
testbench, and exit from Matlab environment.

The above Tutorials together illustrate the following three use modes:

1. For testing, if you need to modify both the System-level Simulink design and the
Analog circuit, the use model described in ‘Tutoriall’is appropriate.

2. If you are an Analog designer who needs to validate a circuit with System-level
design input and output, the ‘First use Mode’ in Tutorial2 is a good choice.

3. If you are a System level designer, after specifying the Spectre command, you
can use the SpectreRF Engine just like another block in Simulink.

Summary

In this tutorial, we have demonstrated how to setup and use a cosimulation link between
MATLAB® and Simulink® system-level simulation environment with Cadence Virtuoso®
ADE Explorer and Spectre® circuit simulator RF analysis (SpectreRF).

References

1. Spectre® Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer User Guide

2. Virtuoso ADE Explorer User Guide
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