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AMS-MATLAB/Simulink Cosimulation

Note: AMS-MATLAB/Simulink cosimulation stands for cosimulation using the Virtuoso®

AMS Designer simulator and The MathWorks MATLAB®/Simulink®. ADE stands for the
Virtuoso Analog Design Environment.

/ Important

Use IC 6.1.3, IUS 8.1 or later, and MATLAB704R14 or MATLAB R2007b or MATLAB
R2008a for this tutorial. The estimated time to complete this tutorial is about one
hour.

See the following topics for tutorial details:

Introducing AMS-MATLAB/Simulink Cosimulation on page 7

Understanding the Different Cosimulation Flows on page 9

Setting Up the AMS-MATLAB/Simulink Cosimulation Example on page 10

Modifying the Simulink Model on page 11

Increasing the Noise for the AWGN Channel on page 16

Adding the Simulink Coupler Module to the Testbench on page 20

Converting Complex Signals to Real and Imaginary Parts on page 22
Inserting an Ideal Gain Block in the Testbench Schematic on page 25

Rewiring the Testbench Schematic on page 26
Setting the Simulink Stop Time on page 27

Opening the Virtuoso Schematic on page 28

Creating the Coupler in the Schematic Window on page 30

Placing the coupler_2_3_a Instance on the Schematic on page 34
Viewing the Entire AMS-MATLAB/Simulink Signal Flow on page 37
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Introducing AMS-MATLAB/Simulink Cosimulation

Concept engineering and system-level simulation tools such as MATLAB®/Simulink® support
the specification of high-level system concepts in the early stages of a design.

T T
—| tutorialir14 [ 2]l
File Edit View Simulation Format Tools Help
IEEEB02.11a - 16Q0AM mode with 3/4 code rate (4/6 P2 puncturing rate).
[For Matlah Release 14 ar newer]
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| g CelC0lfion ™ Hum Errors | AV
v Hum Bits -
E- FFT
Spectru
[ nsert 2 T VS R < PR =
- n nsel 0] . oc] ecTangular
Viterbi Decoder Deinferleaver Deinferesper Tam _ RDeCFEi'lﬂr » e ule
ViTerbi Decoder Insert Zero et Genera] Block Rectinaular g pilats
o o o imulafion off
Easehand OFDI Receiver down sampling action

The picture above shows the top-level schematic for the system-level model of a wireless LAN
(the IEEE 802.11a demo). The transmitter blocks encode and modulate binary random data
and send the orthogonal frequency-division multiplexing (OFDM) signal to a white Gaussian
noise channel model. The receiver blocks demodulate and decode the channel output.
Finally, the system compares the received bits with the original bit stream to compute the bit
error rate.

Note: The tutorial database libraries include the IEEE 802.11a demo designs.

The standard compatible system-level model of the wireless LAN link comprises standard
Simulink library modules. You can use this system-level model as the golden reference for the
implementation of the system components.

Using cosimulation with the Virtuoso® AMS Designer simulator and The MathWorks
MATLAB®/Simulink® (AMS-MATLAB/Simulink cosimulation), you can include the design and
simulation of analog and mixed-signal subsystems in your system-level simulation. You can
take into account the effects originating from the analog RF parts of the transmitter and
receiver.

Note: The RF circuit in this example uses a complex base-band modeling approach.
AMS-MATLAB/Simulink cosimulation supports all kinds of circuits, including base-band
designs.

March 2014 7 Product Version 6.1.6
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You can design your analog and mixed-signal subsystems using Cadence® Virtuoso®
software. You can simulate these designs using the Virtuoso Spectre RF and AMS Designer
circuit simulators.

The picture below shows the RF transmitter module design for this tutorial consisting of filters,
an up-converting mixer, and an amplifier. For faster simulation time, we modeled the complex
base-band domain of the RF components using the Verilog®-A modeling language. You can
use this same approach to perform equivalent behavioral pass-band and transistor-level
simulations.

When measuring the RF subsystem characteristics (such as intercept points, noise figure,
and corner frequencies), you might think you can use only simple one- and two-tone
sinusoidal sources as stimuli. Using AMS-MATLAB/Simulink cosimulation, you can use more
realistic stimuli such as modulated signals. You can also achieve the corresponding
post-processing required for system performance evaluation.

AMS-MATLAB/Simulink cosimulation combines the best of system-level simulation with
analog and RF simulation. Simulink provides large libraries of DSP algorithms for generating
complicated signals and for post-processing. Virtuoso® software provides an optimal design
environment for analog/RF and mixed-signal subsystems. The Virtuoso AMS Designer
simulator is a powerful single-kernel, mixed-signal simulator for transistor-level circuits and all
common behavioral languages.
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Understanding the Different Cosimulation Flows

AMS-MATLAB/Simulink cosimulation supports different flows that support different groups of
users:

Flow Description

ADE Flow Run cosimulation by starting MATLAB/Simulink from the
Virtuoso® Analog Design Environment (ADE)

Note: This flow is for users who are familiar with ADE.

See

B Running Cosimulation from ADE Using the Fixed-Cell
Coupler on page 39

B Running Cosimulation from ADE Using the simulinkCoupler
on page 55

Simulink Flow Run the cosimulation from MATLAB/Simulink (without starting
ADE) using the runSimulation script that comes from the
ADE flow

Note: This flow is for users who do not need to use the Virtuoso
design environment or who need to debug in the Simulink
environment.

See “Running Cosimulation from MATLAB/Simulink” on page 61.

AMS Environment Flow Start MATLAB first, then start the AMS environment from the
Virtuoso hierarchy editor (HED), and run simulations separately
using each of these programs

Note: You can use this same flow from ADE, but this tutorial will
cover only the flow from the AMS environment (HED).

See “Running Cosimulation from the AMS Designer
Environment” on page 67.
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Setting Up the AMS-MATLAB/Simulink Cosimulation
Example

To set up the example files, do the following in a terminal window:

1. Make and change to a directory for the example:

mkdir amsTutorials
cd amsTutorials

2. Copy the migration example files to this directory:
cp -r S$CDSHOME/tools/dfII/samples/tutorials/AMS/MATLABCosimulation.tar.gz .

3. Decompress the archive file:

gunzip MATLABCosimulation.tar.gz
tar xf MATLABCosimulation.tar

4. Change to the following directory:
cd MATLABCosimulation
5. Source the setup file:
source SETUP
The SETUP file sets the MATLABPATH and TUT_DIR environment variables.
This tutorial demonstrates cosimulation using the IEEE 802.11a demo that appears in

“Introducing AMS-MATLAB/Simulink Cosimulation” on page 7. To set up the cosimulation,
do the following:

1. Verify that the standalone simulations run successfully in MATLAB/Simulink and AMS
Designer.

2. Place and configure the coupler module on the Simulink schematic.

See “Adding the Simulink Coupler Module to the Testbench” on page 20.

3. Place and configure the corresponding coupler module on the ADE schematic.

See “Placing the coupler_2_3_a Instance on the Schematic” on page 34.

You are ready to run cosimulation using each of the three flows outlined in “Understanding
the Different Cosimulation Flows” on page 9.
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Modifying the Simulink Model

To modify the Simulink model, do the following:

1. Start MATLAB software:

matlab &

2. In the MATLAB Command Window, type the following command to open the library
containing the coupler module and other examples:

open SimCouplerLib.mdl

—

Library: SimcCouplerLib

BE

File

Edit

Wi Foma

Help

AMS Designer - Simulink Cosimulation Library

For MATLAE R13
click here

SimCouplerLib_r13

Examples
Coupler Module [
Sine Testbench Loop Testhench
unfranmecd unfranmecd
_; a e “ c e i sighals signals
fd -
Sirnlink Coupler sine_th.mll laap_th
Sine Testbench Loop Testhench
Tutorial R14 framed framed
signals signals
sine_th_frame. mdl loop_th_frame.rdl
sine Testhbench Testhench for
tutarial 1e14.mal  totorial2e 14 mcl framed sighals event vs fixed rate

100 inputs

syhchronization

sine_th100_frarme.mdl

top teshbench
in AbdS 0

top_in_amsd_th.mdl

event_fixed_th.mdl

a. To open an example, double-click its blue symbol.

Coupler Module

b. To insert the coupler module, drag-and-drop the Coupler Module from the
AMS Designer — Simulink Cosimulation Library.
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/ Important

If you are using MATLAB version R13 (instead of R14), you must open the
SimCouplerLib_r13 at this point by double-clicking the yellow box. While the
coupling technology is equivalent in both MATLAB releases, the MATLAB demo and

the standard Simulink libraries are slightly different. R14 designs are not backward
compatible with R13.

3. Double-click Step 1 (leftmost green box) to open the end-to-end design for a wireless
LAN transmission system.

See the picture in “Introducing AMS-MATLAB/Simulink Cosimulation” on page 7.

4. Choose Simulation — Start.
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A spectrum scope and scatter diagram appear.
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The minor deviations in the scatter diagram originated from the noisy channel.
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In the testbench window, the bit error rate information appears at the output of the Error
Rate Calculation block.

T T T
Calculation
Rt

[144:1]

Etvar Rate

)
)
[_ittesd]

Errar rate
Mum Errors

Mum Bits

5. Observe that the bit error rate is zero.
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Increasing the Noise for the AWGN Channel

To increase the noise for the AWGN channel, do the following:

T
—| tutorialir14 [ 2]l
File Edit View Simulation Format Tools Help
IEEEB02.11a - 16Q0AM mode with 3/4 code rate (4/6 P2 puncturing rate).
[For Matlah Release 14 ar newer]
Convolufional Iadtiz Geners] OFDH
Bernoulli - |—y— Encod i Puncture i ferd i Elock W Rechnaular e
Einary ncoder Interleaver \nfeHeaver DA s Transmitter
ormalise
Bermoulli Random = i P2 Puncture atti General Block Rectangular QA e A WGN
Encoder Initereaner Inferfeaner odulator OFD Transmither
Baseband with oversampling \
>  E— iued Si
L Error rate FReceived Signal
| g CelC0lfion ™ Hum Errors | AV
o Hum Bits
S
| B FFT
Spectum
L o= Insert Zera Bipolar : Elac Rectangular
Viterhi Decoder Convetter Direrteaser Deintereauer QA - OFDH
Denammialise Receiver [ wiE U
ViTerbi Decoder Insert Zero et Genera] Block Rectinaular g pilats
o o o st _ imulafion off
Easeban: OFD Receiver down sampling acfion

1. In the testbench window, double-click the AWGN block.

The Function Block Parameters form appears.
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2. Inthe SNR (dB) field, change the signal-to-noise ratio from 20 to 13.

— Function Block Parameters: AwWGCN Channel B
—AWGMN Channel {rask ) {link’)

Add white Gaussian noise to the input signal. The input and output signals can be real or complex. This
hlock supports multichannel input and output signals as well a3 frame-based processing.

When using eithier of the variance modes with complex inputs, the variance walues are equally divided
amang the real and imaginary companents of the input signal.

— Parameters
Initial seed:
f1
Mu:ude:l Sighal to noize ratio {SMRE) LI

SMR (dEY:
h3

Input signal power Cwatts):
[o.01

I ] 4 Cancel | Help | Apply I

3. Click Apply.

4. Choose Simulation — Start to start the simulation again.
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The final plots look like this:
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The scatter diagram shows some distortion. After some seconds, bit errors do occur.

o 0004025 E
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5. Change the SNR back to 20.
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Adding the Simulink Coupler Module to the Testbench

—| tutorial2ri4 [ [ ]
File Edit View Simulation Format Tools Help

IEEE802.11a - 16QAM mode with 3/4 code rate (4/6 P2 puncturing rate). Simulink Coupler

[Far Matlak Release 14 ar newer]]

[ ) . eneral Lt
Bemoull | Convolifional Punchire petis L] Block [ Rechnauar —>|:|—> T
Einary Inteeaner QA

Mormalise

cadence| §:>]

Comples:

Eermoulli Random - P2 Punchure : — ok Imag to)
: Convolufional Iadtiz General Block Rectangular Q4 W - Rea]-lmal SimulinkCoupler
Binary Generstor Encoder Interleaver InteHeawer Hodulatar U_F'ﬁ"‘ Transmitter - amples
Baseband W
¥
{1 L ol|Error rate
Etror Rafe S ——
| g G0 W Hum Errors Freceived Signal AWEH
Hum Bits

E- FFT| ¥

Spectum Spectum 67
Stope2 Stopel Gainz
[Unipalar o Hadtiss General L
Insert Zero Bipolar Deinfedeaner [ Block (4 Reclngular
et Deintereauer QA OFDM

Denormalise Receiver [ UCE) Uk

TTerEd Decoder nsert Zero el General Block | Reclanaular CA R pilats
i Ger i

o .<J— simafan off
Easeband OFD Receiver

down sampling acfion

[l Usewith AMSDcouplefth_ieee_802_11a_demo

To add the Simulink coupler module to the testbench, do the following:

1. Drag-and-drop the SimulinkCoupler block from the Library window (see “Modifying the
Simulink Model” on page 11) to the testbench window (see above for placement position).

We place the coupler block between the OFDM Transmitter and the AWGN block to
include the analog transmitter RF front end in this system testbench.

2. Double-click the SimulinkCoupler block.
The Function Block Parameters window appears.
3. Inthe Number of input pins field, type 3.

While the third input pin is not necessary in this case, it illustrates how signals flow and
how we will create the coupler in the Virtuoso® design environment.

4. Inthe Number of output pins field, type 2.
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5. Inthe Frame mode field, select framed.

— Function Block Parameters: SimulinkCoupler | - |J i

— Sirulink Coupler {mask ) {link}

See Help for parameter descriptions by right -clicking an the Simulink coupler module.

— Parameters
Murber of input pins (0..100%
E
Murnber of output pins (0. 100%
E
Frame mode I frarmed LI

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

Sample time {zecs)-- Use -1 toinhetit the sample time.
-1

[T Show advanced options

I Ok Cancel Help Apply [

6. Click OK.

The SimulinkCoupler block has the correct number of pins.

SimulinkCoupler

Aj_?ﬁdencej

You can resize the SimulinkCoupler block so that it fits better with the signal lines.

7. (Optional) To view details about the framed signals, choose Format — Port/Signal
Displays — Signal Dimensions in the testbench window.

Signal dimensions appear on the schematic.

Note: Later sections contain descriptions of other SimulinkCoupler parameters.
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Converting Complex Signals to Real and Imaginary Parts

The signals in this example are complex-valued signals. Before simulating with AMS
Designer, you must split these complex signals into their real and imaginary parts. The
Simulink library contains the converters we need for this purpose.

T T
—| tutorial2ri4 [ 2]l
File Edit View Simulation Format Tools Help
IEEE802.11a - 16QAM mode with 3/4 code rate (4/6 P2 puncturing rate).
[Far Matlak Release 14 ar newer]]
e ) . Genersl L
Bernoulli i Coréuolugonal Punicture ”'::'"H — Belr:ck —® Reclnaular —Dl:l—b 1 DFD.';,"Q H
Binary nCoder In’ ealer Intereauer QAN o rensmiTTer . I
Bermnoulli Random — P2 Punchire e Garveral Block Rechngilar GAM _ F?'"afleﬁ ' Reak Ima ol
o | e o e
¥
T o L ol|Error rate
. Cakaistan ] Hum Errors Received Signal ARGN
Hum Bits
. . -
Sspedmzm Sspedm‘m K7 ain
— Cope tope @i
2:: Oripaler fo st General L
Viterbi Decoder Insert zero Deintereaver " DeinBtvIeoﬂcekwer " Recofa:;ular . RDFE."" " m‘
eCeler d d
ViTerbi Decoder Insert zera Wi Gereral Elock | RecTanaular QA pilots
D D I:Base;a:n::l _ simulafion off
[l Usewith AMSDcouplefth_ieee_802_11a_demo OFDM Recelver down sampling action
1. In the testbench window, choose View — Simulink Library.
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The Library window appears.

— Library: simulink R
File Edit Wiew # Help
U ST , 2
:—"‘.{h - _|F"1- 'E 5 ]L
“y Pl \ Tiny
Sources Sinks Continuous Discrete  Discontinuities Signal Sigral
Fouting Attributes
+ - = Il £ _
L % aﬁ" == y=flu} y="fitu} ®@ ¢~_rc - Meli=c
- == ™
Idath Logic and Bit Loakup Uzer-Defined todel Forts & Model-'Wide
COperations Opetations Tables Functions Verification  Subsysterns Milities
Bldckseats & camimonly Additional Math Simulinilc Black Library 5.2.1
Tdolboses used blocks & Dizcrete Demasz Copyright (o) 1990-2005
[ The Math'works, Inc. I
L L
Math Operations

2. Double-click Math Operations.

The math operator and conversion blocks appear.
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The conversions we want for this tutorial appear in the bottom right corner.

File Edit Miew ozl Help

Math Operations

+ +
@ + o - s Z F 00 F +Ts
Surm

A Subtract Surn of Bias Weighted
Elerents Sample Time
Math
s
>D} 1 F ok s P ]_I— = A
Gt lider Frocuct Divice Froduct of ot Product
Giain Elernents
— } u Péud
—_F ul F up e F floor | 0iFy= 5 [
Sigr A Unary Minus Math Founding Falyniomial
Funiztion Funiction
) v“o . ™, Solve
min TirL YF sin F t E fiz]
= IR '|Uf f{z} =0
iz belir bl Trigonometric Sine "Wawve  Algebraic Constraint
Runmning Function Function
Fesettable

Vector/Matrix Operations

(I Scjuesze [ o
L 3 M L i ﬁ_g j|}
Reshape

F:[2,1]
Assignment S Matriz Vector Fermite
Concatenate Concatenate . o . co
Complex Vector Conversions
Wl ul = sRef Fiem_
e a-r T im p m~"T
Comples to agnitude-Angle Complex to Feal-Imag to
tagnituce-Angle to Complex Fieal- Inmag Complex

A

3. Drag-and-drop the Complex to Real-Imag block from the Library window to the
testbench window and place it on the left side of the SimulinkCoupler block.

4. Drag-and-drop the Real-Imag to Complex block from the Library window to the
testbench window and place it on the right side of the SimulinkCoupler block.

5. Rewire the testbench schematic to accomodate the new blocks.
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Inserting an Ideal Gain Block in the Testbench Schematic

Because the analog/RF subsystem will eventually change the signal level, we will insert an
ideal gain block at the output of the coupler block so that we can adapt the signal level
properties of the digital base-band receiver.

1. In the testbench window, choose View — Simulink Library.
The Library window appears.

2. Double-click Math Operations.
The math operator and conversion blocks appear.

3. Drag-and-drop the Gain block from the Library window to the testbench window and
place it near the output of the SimulinkCoupler block.

4. To rotate the block, right-click and choose Format — Rotate Block.
See the picture in “Adding the Simulink Coupler Module to the Testbench” on page 20.
5. Double-click the Gain block.
The Function Block Parameters form appears.
6. In the Gain field, type 0.04.
7. Click OK.

8. Rewire the testbench schematic to accomodate the Gain block.
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Rewiring the Testbench Schematic

If you do not want to rewire the testbench schematic, you can double-click Step 2

(tutorial2r14.mdl, the green box on the right) instead. See the picture in “Modifying
the Simulink Model” on page 11.

You can rewire the design as follows:
1. Right-click the wire you want to remove and select Cut.

For example, you will cut the wire between the OFDM Transmitter and AWGN blocks
to fit the SimulinkCoupler block, and you will cut the wire between the AWGN and
Simulation off down sampling action blocks to fit the Gain block.

2. Hover the mouse pointer over the module pin you want to connect until it changes to a
Cross.

3. Click-and-drag from the beginning connection point to the destination connection point
and release the mouse button.

) Tip
You can connect the blocks quickly by clicking the first block, then holding down the
Ctrl key while clicking the second one.

Once you rewire the testbench schematic, it should look like the picture in “Adding the
Simulink Coupler Module to the Testbench” on page 20. Using two Spectrum Scope
blocks—one before and one after the SimulinkCoupler block—we can compare the before
and after signals.

To add the second Spectrum Scope block before the SimulinkCoupler block, do the
following:

1. Right-click Spectrum Scope1 and select Copy.
2. Right-click near where you want to place the second one and select Paste.
3. To flip the block so that the port is on the left, right-click it and choose Format — Flip
Block.
4. Hover the mouse pointer over the port until it changes to a cross.
5. Click-and-drag to connect it to the output of the OFDM Transmitter block.
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The Simulink model is ready for cosimulation. The Simulink model automatically detects
information about the frame size and sampling time.

Setting the Simulink Stop Time

To set the stop time of the Simulink simulation, do the following:

1. In the testbench window, choose Simulation — Configuration Parameters.

The Configuration Parameters form appears.

2. Inthe Stop time field, type 1000e-6 (to match the 1m stop time in the ADE setup later).

T
—'| Configuration Parameters: tuterial2ri4/Cenfiguration | o |J|j\§|
Select: — Sirmulation time
Start time: |0.0] Stop time: | 1000e-6
- Data Import/Export
- Optimization =
- D@agnnstics — Saolver options
g??ap:ztzgr?ty T_l,fpe:l Fized-step ;I Solver:l discrete {no continuous states) j
o Conversian Periodic sample time constraint: I Unconstrained |
i Connectivity
Compatibility Fized-step size {fundamental sample time: Ia.utn
H; d“;?;'ﬁg:ﬁ:ﬁggm Tasking mode for periodic sample times: I Auta j
- Model Referencing [~ Higher priority value indicates higher task priority
[~ automatically handle data transfers betuween tasks
I oK Cancel Help I
L L
3. Click OK.
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Opening the Virtuoso Schematic

To open the schematic for this tutorial, do the following:

1. Start the Virtuoso® software:

virtuoso &

2. In the command interpreter window (CIW), choose File — Open.
The File Open form appears.

3. Inthe File group box, select the following:

Field Selection
Library AMSDcouple
Cell tb_ieee_802_11a_demo_template
View config
= Open File EEE
File
Library  |[AMSDcouple B Cells
driver BB
Cell th ieee 802 1la_ demo_template gain_d
multiplier

WiEw config B postproc

th_ewvent fixed
Type config th_ieee 802 1la_demo
th _ieee 802 _11a demo_

Browse th sine
th_sinel00
Application th_sine_d
: : ; th zine loo
Hierarchy Editor =
Openwith |} Y n S e hd
_ Always use this application for this type of file - I ) ¥
Lpen for ® cdit o read

Library path file  e/jillw/work /aMs /ICE1E /AMS-MATLAE 0& Augl32007/cds. lib

4. Click OK.
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The Open Configuration form appears.

— Open Configuration or Top CellWiew | - |J A

Open for editing
Configuration "AMSODcouple th_ieee_802_11a_demo_template config” - YES & no

Top Cell Wiew "akEDcouple th_ieee_802_11a_demo_template schematic” ® yes . no

I m _Cancel | Help [

5. Click OK.

The RF Transmitter System Testbench schematic appears.

~|Uirtuoso® Schematic Editor L Editing: AMSDcouple th_ieee_B802_11a_demo_template schematic Config: AMSDcouple th_ieee_802_1 | 4 |J|,$|

Launch File Edit ¥iew Create Check Options Migrate Window Help (éden(e

(=" |$ © M %X @ @ e 1R QK Ll 2Cocib b

sr.midl for simulation.

nmouse L: schiingleSelectPt() d: deCpen() R: schHikousePopUp( |
IEE | Crudt: set: 0]

The schematic contains

Q A driver module to scale the coupler output
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0 The RF transmitter model

Q A simple line termination using resistors

The pieces that the MATLAB/Simulink design provides are
O A signal source for an 802.11a system

Q The related post-processing algorithms

Note: The AMSDcouple library contains additional examples—such as tb_sine,
tb_sine100, and tb_event_fixed. These examples have corresponding designs in MATLAB/
Simulink. You can use these examples to explore cosimulation. See also Appendix A,

[

‘Learning More about the Cosimulation Interface.”

Creating the Coupler in the Schematic Window

You can create a coupler in the schematic window using either of two methods. The first
method is the one we recommend.

m Creating a Coupler Using the Fixed-Cell Method on page 31

Using the fixed-cell coupler method (the recommended method), you create the specific
couplers that you need and save them in your library. You determine the number of
coupler pins before you generate the coupler. This coupler is simple and works for all
three cosimulation flows. Use this method to create a coupler instance for your design
specifically.

Note: We have already created a fixed coupler with two inputs and three outputs for this
tutorial (coupler_2_3_a) and made it available in the AMSDcoupler library. See
“Running Cosimulation from ADE Using the Fixed-Cell Coupler” on page 39 for more
information.

m Creating a Coupler Using the simulinkCoupler Method on page 32

Using the simulinkCoupler method, you can change the pins at any time. The
simulinkCoupler is flexible and allows you to generate Verilog-AMS code automatically
in the Virtuoso® Analog Design Environment (ADE). You can also modify the generated
Verilog-AMS code.

Note: You can find the simul inkCoupler in the analogLib library. The

simulinkCoupler is a pcell coupler. See “Running Cosimulation from ADE Using the
simulinkCoupler” on page 55 for more information.

How you perform cosimulation depends on which method you use.
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Creating a Coupler Using the Fixed-Cell Method

/ Important

The following steps show you how to create a fixed coupler with two inputs and three
outputs. Because we have already created such a fixed coupler (coupler_2_3_a)
and made it available in the AMSDcoupler library, so you need not perform these
steps.

To create a coupler using the fixed-cell method, do the following:
1. In the schematic window, choose Launch — Mixed Signal Options — AMS.

AMS appears on the menu banner.

T T
_ll"-.-"irtuosoﬁl Schematic Editor L Editing: AMSDcouple tb_ieee_B0Z_11a_demo_template schematic Config: .-M\’l o |_||)\§|
Launch File Edit Wiew Create Check Options Migrate Window Hierarchy-Editor Help cadence

2. Choose AMS — Simulink® Coupler Creation.

The Simulink® Fixed Cell Coupler Creation form appears.
3. Inthe Number of input pins field, type 2.
4. Inthe Number of output pins field, type 3.

— Sirmulink® Fixed Cell Couplar Creation EIEES
Libwrary to write coupler EMSDcouple Browsse
Coupler domain ® analog o digital {wreal)
Mumber of input pins (0..100) 2
Mumber of output pins (0..100) 3
Generate Fized Coupler
L. -
' | coso JEET)
L \"—l'!

5. Click Generate Fixed Coupler.

The software creates a coupler with two inputs and three outputs with the name
coupler_2_3_ a.

6. Click Close.
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Creating a Coupler Using the simulinkCoupler Method

The simulinkCoupler is a parameterized cell (pcell) that does not have a fixed number of
pins: You can change the number of pins to fit different designs. To select, configure, and
place a simulinkCoupler instance, do the following:

1. In the schematic window, type i to open the Add Instance form.

. Click Browse to open the Library Browser.

2
3. Inthe Library column, select analogLib.
4

. Inthe Cell column, scroll down and select simulinkCoupler.

— Library Browser — Add Instance | J |_| ,5|
_ Show Categories
Library Cell View
analagLib simulinkCoupler symbol
arE0Dcouple scasubckt View Lock
ahdILib [ ||scoes |
analogLib SCCME symbol_<farm
basic _ ||| |#chottky r ,"
cdsDefTechlib | = | |scr =
cds_inhcann simulinkCaoupler
cds_spicelib spltewitch
connectLib spetawitch
[I=1=1 spatawitch
ncinternal spdtzwitch
ncmodels SYCLCS
L Close Filters... Display... Help L
| |
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5. On the Add Instance form, change the number of input pins and the number of output
pins to whatever you need.

— Add Instance L

Libirary analogLib

Browse

Cell simulinkCoupler
Wiy symbol

Mames

# odd Wire Stubs at:

 all terminals @ registered terminals only

Srray Riowes 1 Columns 1

47 Rotate = Upside Down

e il .

CDF Parameter of view  [Use Tools Filter B

Coupler damain ® analog o digital fwreal)

Mumber of input ping (0...100) 2

Mumber of output pins (0..100%

3

Show advanced options

m _ancel Defaults Help 1
e ae e e = e | -

6. In the schematic window, click to place the simulinkCoupler instance.

7. Choose File — Check and Save.
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Placing the coupler_2_3_a Instance on the Schematic

) Tip

You can sKip this section if you choose to open the finished schematic that we ship
with this tutorial: AMSDcoupler/tb_ieee_802_1lla_demo/schematic.

To place the coupler_2_3_a instance on the schematic, do the following:

1. In the schematic window, choose Create — Instance (or type 1i).

The Add Instance form appears.

e Add Instance | i |J _“,‘.5|
Library Browse
Cell

Wien symbol

Mames

¥ odd Wire Stubs at:

- all terminals @ registered terminals only | .

Array Rows 1 Columns 1

- - ) .
. 42 Rotate | | Ak Sideways | = Upside Down)

. m.\_Cancel_ﬂh Defaults | Hellp_,

2. Click Browse.

3. In the Library Browser window that appears, select the following:

Library AMSDcouple
Cell coupler_2_3_a
View symbol

This library/cell/view appears in the appropriate fields on the Add Instance form.
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4. Move your mouse cursor over the WLAN Signal block on the schematic and click to
place the coupler instance to the left of the driver instance.

5. Press Esc.

6. Wire up the instance according to the following picture (or you can open the finished
schematic that we provide: AMSDcoupler/tb_ieee_802_1la_demo/schematic).

.Line
Termination

Note: The bottom right pin on the coupler instance connects to a pin whose name is out
and whose direction is output.

7. Choose File — Check and Save.
You can view object properties for the coupler instance by doing the following:
1. Select the coupler instance.

2. Choose Edit — Properties — Objects (or type q).
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The Edit Object Properties form appears.

— Edit Object Properties | . |J A
Bpply To Lnnly current B Linstann:e n
Show _ system o user o CDF

Browse || ResetlInstance Labels Display |

Property Yalue Display
Library Mame AMSDcouple off B
Cell Marme coupler 2 3 & off n
YWiew Mame symbol off n
Instance Mame I10 aff B
L Add JI Delete J| Modify
CDF Parameter of view  |Use Tools Filter n Display
Initial coupler output voltage 1] ff
Simulink(R) hosthame localhost

socket port = Simulink port (=1024) s0z3

=

=

coo

Sim response timeout (=30 secs) 120

\ Cancel JI Apply JI Defaults J[ Previous | MNext J| Help }._

3. When you are finished viewing the object properties for the coupler, click Cancel.

March 2014 36 Product Version 6.1.6
© 1999-2014 All Rights Reserved.



Cosimulation Using the Virtuoso AMS Designer Simulator and The MathWorks
MATLAB/Simulink

Viewing the Entire AMS-MATLAB/Simulink Signal Flow

The following diagram shows the entire signal flow through the MATLAB®/Simulink® and
Cadence® Virtuoso® environments.

T T
—| tutorial2ri4 [ 2]l
File Edit View Simulation Format Tools Help
IEEE802.11a - 16QAM mode with 3/4 code rate (4/6 P2 puncturing rate).
[Far Matlak Release 14 ar newer]]
Pea———  — I O e .
Bermoulli [ Punchure I RN Elock FRectangular = Ren |
Binary Encoder Inferleaier ’ Infeteaer QAN ’—W [t L] (.ﬂ u e I c e
EBernoulli Random - P2 Puncture : L 4 iy v — ———  RealImag fol
H iz General Block Rectanaular QA W - » Zimulinkc: uph
Binary Generator Convolutional Hidulzdo 0P Transmitter ImulinkCSupler Complex
Encoder Inteeaner Inteeaner B:sell‘J:ndr gth oversamping
L 4
L 4 ¥
- 0
g - L ol|Error rate P "
| g G0 W Hum Errors Feceived Sidhal * LT
Hum Bits r 2 ¢
.. n
S PS m |
L 4 & il ¥
’-----‘----. Spectrum sf ctrum T
= e— — I—D"l —— Sconed slopet Gainz
AT Ay il Werizs i et
fintereaner D Blm‘wer Recofa:;ular - oFDM
L Denormalise Receiver [ UCE) Uk
ViTerbi Decoder Insert zera & el Elock | Recanaular Ot pilots
° EBaseband E COFDM Recei e o
[l Usewith AMSDcouplefth_ieee_802_11a_demo " " areler down sampling action

. RF Transmi

Bshavioral/Tranai

Each sink (coupler input pin) acts as a signal source (output pin) in the other environment.
The signal flows into the three input pins on the Simulink schematic, out the three output pins
on the Virtuoso schematic, out the two output pins on the Simulink schematic, and through
the rest of the design on the Simulink schematic.

Exiting MATLAB

To exit MATLAB, do the following:
» In the testbench schematic window, choose File — Exit MATLAB.

You are ready to run cosimulation in the Virtuoso Analog Design Environment (ADE).
See “Running Cosimulation from ADE Using the Fixed-Cell Coupler” on page 39.
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Running Cosimulation from ADE Using
the Fixed-Cell Coupler

Note: AMS-MATLAB/Simulink cosimulation stands for cosimulation using the Virtuoso®

AMS Designer simulator and The MathWorks MATLAB®/Simulink®. ADE stands for the
Virtuoso Analog Design Environment.

/ Important

Use IC 6.1.3, IUS 8.1 or later, and MATLAB704R14 or MATLAB R2007b or MATLAB
R2008a for this tutorial. The estimated time to complete this tutorial is about one
hour.

For information about the fixed-cell coupler, see “Creating the Coupler in the Schematic
Window” on page 30.

To run cosimulation from ADE using the fixed-cell coupler, do the following:
1. If you have not already done so, open the RF Transmitter System Testbench config.

Shortcut: You can open the finished config/schematic that we provide with this tutorial:
AMSDcouple/tb_ieee_802_11la_demo.

Open the Virtuoso Analog Design Environment (ADE) and set up the analysis.

Choose irun for simulation.

View AMS simulator options.

Specify values for the design variables.

Set up the MATLAB/Simulink simulation to start before the AMS Designer simulation.
Run cosimulation from ADE.

Rerun the cosimulation after changing a design variable value.

Run cosimulation by starting two simulations separately.

© ® N o a0 & 0 D
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Opening ADE and Setting Up the Analysis

To open ADE and set up the analysis, do the following:
1. In the schematic window, choose Launch — ADE L.

Simulator: ams(Spectre) appears on the status bar.

—1| Mirtuoso® Analog Design Environment (23 — AMSDoouple th_ieee_B02_11a_demo_template u:u:un-Fig| m |J S

Launch Session Setup Analyses Variables Outputs Simulation Results Tools Help cadence

1= 1Sl t & d D

Design Yariahles gunalyses = |-.‘_.AC

Type | Enahle| Arguments Be

Mame | Yalue |

Outputs 78 X
MamesSignal/Expr | Malue | Plot| Save| . Save Options |

= PlntaﬂersimulatinnM:ﬁUTD n Flotting mode: |(Replace n ~

nmmaouse L:

-

|48 | Environment .. | status: Ready | T=27 ¢ |[Simulator: spectre ]I
I 1

2. Choose Analyses — Choose.
The Choosing Analyses form appears.

3. Inthe Stop Time field, type 1m.
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4. Turn on the Enabled check box.

—|Chaosing Analyses — Yirtuoso® Analog Design Envirnnmer| 4 |J i

Analysis & tran iwdc W oac i/ hoize
wonf s 58NS o domatch osth
Wi pE s 5P W Bhylp s pss
W pac wopsth opnoise L pef
W psp  gpss o gpac W gpnoise
B [ w gpsp o hh i hbac
s hbnoise

Transient Analysis

Stop Time 1m
accuracy Defaults (errpreset)

__ conservative _ moderate _ liberal

__ Transient Maoize

_ Dynamic Parameter

Enabled Ciptions...
- "

|, Cancel J Defaults || Apply )L Help J_
|

5. Click OK.

The analysis setup appears in the Analyses section of the ADE window.

Analyses GEe
_ Type | Enahle| Arguments |
1 tran » 0 1m
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Choosing irun for Simulation

To choose irun for simulation, do the following:

1. In ADE, choose Simulation — Netlist and Run Options.

The Netlist and Run Options form appears.

2. Inthe NETLIST AND RUN MODE section at the top of the form, select OSS-based

netlister with irun.

— ams3: Metlist and Run Options | 4 |J PR

METLIST AMD BUMN MODE

& O55-hased netlister with irun

 Cellview-based netlister with ncvlog, ncelah, nosim

RUR OPTICMNS
» Compile incremental _ all
» Elahorate incremental  _ All
» Simulate

Clean snapshot and pak files

_ Compile Werilogs as Verilog-4kE

SIFAULATION MODE

Simulate ® Batch (normall o Interactive (debuggen

SaVE AMD RESTART OPTIOMNS

Restart from:

Snapshot prefix

Save time(s)

Save incr Start time Stop time

M_Car'n:el_“_DefaultsJ1‘_.f3-.p:|;:ull;,.'_'rM_Hellp_'r

3. Click OK.
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Viewing AMS Simulator Options

To view AMS simulator options, do the following:

1. In ADE, choose Simulation — Options — AMS Simulator.

The AMS Options form appears.

2. To link dynamically with the VPI code required for AMS-MATLAB cosimulation, do the

folloing in this form:

a. On the Main tab, scroll down to the OTHER OPTIONS section.

b. Inthe Additional arguments field, type -amsmatlab.

Use detailed discipline resolution

i A5 Options

kAain Metlister Messages FLI sDF Titning
TIMESCALE OPTIOMNS

Global sim time 1

Units for global sim time ns

Global sim precision 1

Units for global sim precision ns
DISCIPLINE OFTIONS

Default discipline logic

OTHER OFTIONS

Additional likraries far irun

Additional arguments

Enable line debug to use with Simision

—amsmatlab b

Ll:anlz:el_‘,“_Defaults_‘,L.ﬁ.|ﬂp|5.'_‘rLHellp_‘r

3. (Optional) You can scroll through the tabs of this form to view other AMS options.
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4. Click OK.

Setting Up Design Variables

To set up design variables, do the following:

1. Copy the variables from the schematic by choosing Variables — Copy from Cellview
in the ADE window.

Design variables from the schematic appear in the Design Variables section of the ADE
window.

Design Yariahles

_ Mame | Walue
1 GAIN_PA

2 CP_PA

GAIN_PA controls the gain of the RF power amplifier. CP_PA controls the compression
point of the RF power amplifier. The compression point is a measurement of the
amplifier’s linearity/nonlinearity: The smaller the number, the larger the amplifier’s

nonlinearity.
2. In the Value column for GAIN_PA, click and type 35.
3. Inthe Value column for CP_PA, click and type 24.

Design Yariables
N Marne | Yalue
1 GAIM_Pa 35
2 CP_Pa 24
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Starting MATLAB before AMS Starts

To set up MATLAB to start before AMS starts, do the following:
1. In ADE, choose Setup — MATLAB/Simulink — Start.
The Setup MATLAB form appears. By default Start MATLAB is no.
2. For Start MATLAB, select before AMS starts.

This setting establishes a connection between the MATLAB/Simulink simulator and the
AMS Designer simulator. The other fields on the form become active.

The default MATLAB start command is matlab.

The default MATLAB start-up directory is your current directory (where you started your
Cadence software).

The default delay to allow MATLAB initialization is 10 seconds. This delay allows
MATLAB/Simulink to be ready and running when the AMS simulation starts. For
successful cosimulation, you must coordinate start-up times such that MATLAB/Simulink
is ready and running before AMS.

Note: You would set Start MATLAB to now to use the flow that runs the AMS Designer
simulator and environment separate from the MATLAB/Simulink simulation. See

“Running Cosimulation by Starting the Two Simulations Separately” on page 52 for more
information.

3. Inthe MATLAB design name field, type tutorial2rl4.

—| ams0: Setup MATLAB® E1EES
MATLAE start command ‘matlab |
MATLAE startup directary 'S;"IDElE;’E&MS—MﬁTLE&B_DP;_ﬁungEDDTﬁ
MATLAE design name ’tuturialzrlf-ll

AME delay to allow MATLAE initialization 10

Start MAaTLAB ~ ho & hefore &S starts o noww

m Cancel Defaults Spply Browse Help r

4. Click OK.

You are ready to run cosimulation from ADE.
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Running Cosimulation from ADE

To start cosimulation from ADE, do the following:

1. Choose Simulation — Netlist and Run (or click the green Netlist and Run button).

The testbench schematic appears in Simulink. The MATLAB Command Window does
not appear. The AMS Designer simulator starts running. The cosimulation proceeds.
The simulation.log and matlab_ade. log files appear in separate windows.
Simulation data appears in the Simulink Spectrum Scope and Received Signal

windows.

The input spectrum and output spectrum are different owing to of the non-ideal RF

transmitter chain.
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— tutorialZr14/Spectrum Scope2 | el |J ol
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Ch

anging a Value and Rerunning Cosimulation

Once you are set up for cosimulation, changing values and rerunning the cosimulation is
simple. To change a design variable value and rerun the cosimulation, do the following:

1.
2.

In the ADE window, double-click the value for CP_PA and change it to 18 (from 24).
Click the run button (or choose Simulation — Netlist and Run).
The cosimulation runs again with the changed value.

The number of bit errors increases (you can view this information on the testbench
scheamtic). The overall system behavior is still reasonable.

—
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The scatter plot reflects the larger amplifier nonlinearity owing to the change to the value
of the CP_PA design variable.

—
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Running Cosimulation by Starting the Two Simulations
Separately

Previously, we demonstrated how you can run a cosimulation from ADE by setting the Start
MATLAB option to before AMS starts. To leverage the full funtionality of MATLAB, you can
start MATLAB from ADE and run cosimulation by starting the two simulations separately.

Before beginning this part of the tutorial, do the following:
» Choose File — Exit MATLAB.
To run cosimulation by starting the two simulations separately, do the following:

1. Start MATLAB from ADE.
2. Start the two simulations separately.
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Starting MATLAB Immediately

To set up MATLAB to start immediately, do the following:
1. In ADE, choose Setup — MATLAB/Simulink — Start.
The Setup MATLAB form appeatrs.
2. For Start MATLAB, select now.
The Start button appears.

— ams0: Setup MATLAB® |4

FATLAE start command matlak]

MATLAE startup directory 5/ICE12/AMS-MATLAE O0& Zugl32007

FATLAE design name tutorialfrld

start MATLAB N0 . hefore AMS starts @ now

Start
L o

I L Cancel J Defaults J| Apply | Browse | Help [

Note: See “Starting MATLAB before AMS Starts” on page 45 for information about the
before AMS starts selection.

3. Click Start.

The MATLAB Command Window appears. The testbench schematic appears in
Simulink. You are ready to cosimulate by starting the two simulations separately.
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Starting the Two Simulations Separately

To start the two simulations separately, do the following:
1. In the Simulink testbench window, choose Simulation — Start.

Messages appear in the MATLAB Command Window. One of the messages is this:

Waiting for incoming connection on port 5023, timeout: 120 sec ...

2. Inthe ADE window, choose Simulation — Netlist and Run (or click the Netlist and Run
button) before this time interval expires.

Once the ncsim simulation starts, the two applications establish a connection and the
cosimulation proceeds. When the cosimulation finishes, the Spectrum Scope and
Received Signal graph windows appear. You can view the number of bit errors on the
testbench schematic.

If you want to rerun the simulation, you will need to start Simulink and ADE again
separately.
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Running Cosimulation from ADE Using
the simulinkCoupler

Note: AMS-MATLAB/Simulink cosimulation stands for cosimulation using the Virtuoso®

AMS Designer simulator and The MathWorks MATLAB®/Simulink®. ADE stands for the
Virtuoso Analog Design Environment.

/ Important

Use IC 6.1.3, IUS 8.1 or later, and MATLAB704R14 or MATLAB R2007b or MATLAB
R2008a for this tutorial. The estimated time to complete this tutorial is about one
hour.

The simulinkCoupler is a parameterized cell (pcell) that does not have a fixed number of
pins: You can change the number of pins to fit different designs.

To run cosimulation from ADE using the simulinkCoupler block from the Cadence
analogLib library, do the following:

1. Replace the coupler_2_3_a block with the simulinkCoupler block.
2. Specify automatic generation of the Verilog-AMS module.
3. Run cosimulation by starting two simulations separately.
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Replacing the coupler_2_3_a with the simulinkCoupler

To replace the coupler_2_3_a coupler block on the Virtuoso schematic with the

simulinkCoupler block from the Cadence analogLib Library, do the following:
1. In the schematic window, click the coupler_2_3_a instance and press Delete.

. Type i to open the Add Instance form.

2
3. Click Browse to open the Library Browser.
4. In the Library column, select analogLib.
5

. In the Cell column, scroll down and select simulinkCoupler.

— Library Browser — Add Instance | 4 |J _,€|

_ Show Categories

Library Cell View
analoglib simulinkCoupler syrmbol
ArASDoouple SCCOS View Lock | Size
ahdlLib SCCVS ]
analogLib schottky symbol_=farm 172k
hasic sCF
cdsDefTechLib simulinkCoupler
spltswitch
spetawitch
spatswitch
spdtswitch
SWCCS
| Rl - |
Il x% \,F”ti.»f \M«’ xﬂx [
1 1
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6. Onthe Add Instance form, change the number of input pins to 2 and the number of output
pins to 3 as follows:

ol Add Instance | - |J o

Library  analogLih Browse

P -

Cell simulinkCoupler

Wi symbol

Mames

 odd Wire Stubs at:

< all terminals & registered terminals only "
P

Array Rows 1 Columns 1

42 Rotate | | Ak Sideways | |55 Upside Down

CDF Parameter of view  [Use Tools Filter B

Coupler domain & analog o digital fwreal)

Mumber of input ping (0,100 I

Mumber of output pins (0..100% 3

Shovw advanced options

m~ Zancel Diefaults i Help ]
Il 1

a. Inthe Number on input pins field, type 2.

b. Inthe Number of output pins field, type 3.

7. In the schematic window, place the simulinkCoupler instance.

_ WLAN Signal )
generated by Simulink

CaupterTaSimuink +
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8. Choose File — Check and Save.

Specifying Automatic Generation of the Verilog-AMS
Module

To specify automatic generation of a Verilog-AMS module for the simulinkCoupler block,
do the following:

1. In ADE, choose Setup — MATLAB/Simulink — Create pcell coupler file.

The Create Pcell Coupler File form appears.

— amso: Create Pcell Coupler File | - |J J-S|

Auto-create poell while netlisting L]

melect

Generate, Verilog: Ak Edit Werilog- &k
-y L.

L
I m Cancel Defaults Apply Help

2. Verify that Auto-create pcell while netlisting is turned on.

When Auto-create pcell while netlisting is turned on, ADE generates the Verilog-AMS
module automatically.

3. Click OK.
You are ready to run cosimulation by starting two simulations separately.

Viewing and Modifying the Verilog-AMS Module

To view and modify the Verilog-AMS module for the simulinkCoupler that ADE generates,
do the following:

1. In ADE, choose Setup — MATLAB/Simulink — Create pcell coupler file.
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2.

On the Create Pcell Coupler File form, turn off Auto-create pcell while netlisting.

—_

ams: Create Pcell Coupler File | - |J fé|

o

We

Auto-create poell while netlisting

upler instance | Select
N~/

rilog-aAk5E filepath 02 11a demoSams configinetlist

Generate Verilog-AkS Edit Werilog-&hk45
ot e ot

mk(:anceljk Defaultsjk.ﬁ.pplyijellpj

Click Select twice.

The RF Transmitter System Testbench schematic appears in the foreground.

4. Select the CouplerToSimulink instance.
The instance name appears in the Coupler instance field on the Create Pcell Coupler
File form.

— ams0: Create Peell Coupler File | 4 |_J i

Auto-create poell while netlisting

Coupler instance /138 | Select |
—

Yerilog-AkS filepath =mo_template fams configinetlist

| Generate Verilog-akas [ | Edit Werilog-AkS [

L9 o LY o

| Cancel J| Defaults J| Apply J Hellp y

Click Generate Verilog-AMS to create the Verilog-AMS code for the pcell coupler.

The following success message appears in the output area of the CIW:

Generated Verilog-AMS file successfully.

On the Create Pcell Coupler File form, click Edit Verilog-AMS.
The Verilog-AMS code for the simulinkCoupler cell appears in a text editing window.
Quit the text editor window.

(Optional) You can run cosimulation by starting two simulations separately.
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9. To exit Cadence software and MATLAB, choose File — Exit in the CIW.
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Running Cosimulation from MATLAB/
Simulink

Note: AMS-MATLAB/Simulink cosimulation stands for cosimulation using the Virtuoso®

AMS Designer simulator and The MathWorks MATLAB®/Simulink®. ADE stands for the
Virtuoso Analog Design Environment.

/ Important

Use IC 6.1.3, IUS 8.1 or later, and MATLAB704R14 or MATLAB R2007b or MATLAB
R2008a for this tutorial. The estimated time to complete this tutorial is about one
hour.

When AMS Designer netlists a design for simulation, it generates a run script called
runSimulation inthe simulation/designName/ams/config/netlist directory.
You can view the contents of this file.

See the following topics for tutorial details:

m Opening the Step 2 Tutorial Schematic on page 62

m  Specifying the Run Script on page 62
B Running the Cosimulation from MATLAB/Simulink on page 66

March 2014 61 Product Version 6.1.6
© 1999-2014 All Rights Reserved.



Cosimulation Using the Virtuoso AMS Designer Simulator and The MathWorks
MATLAB/Simulink

Opening the Step 2 Tutorial Schematic

To open the tutorial2r14 testbench schematic, do the following:
1. Start MATLAB software:
matlab &

2. In the MATLAB Command Window, type the following command:

open SimCouplerLib.mdl

— Library: SimCouplerLib |20

File Edit

Miew Fomat Help

AMS Designer - Simulink Cosimulation Library

For MATLAE R13
click here

SimCouplerLib_r13

sine_th100_frare.rndl

top teshbench
if ArS D

top_in_amsd_th.mdl

event_fixed_th.mdl

Examples
Coupler Module
Sine Testbench Loop Testhench
unfraned unfraned
_F ﬂ E ﬂ C E' i sighals sighals
F -
Simulink Coupler sire_thomnc laop_thm
. Sine Testhench Loop Testhench
Tutorial R14 framed framed
sighals sighals
site_th_frame loop_th_frame. .
- tutorial2r14
sine Testhench Testbench faor
tutorial 1r14.mdl § totorial2e 14 mol framed signals event v fixed rate
100 inputs synchranization

3. Double-click Step 2 (tutorial2r14.mdl, the green box on the right).

Specifying the Run Script

The tutorial schematic appears in MATLAB/Simulink.

To specify the run script for the cosimulation, do the following:

1. In the testbench schematic window, double-click SimulinkCoupler.
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The Function Block Parameters form appears.

2. Turn on Show advanced options.
Advanced options appear on the form.

3. Scroll down to the Use AMS Designer run script field and select Name/Host.
./runSimulation appears in the AMS Designer run script field.
localhost appears in the Hostname field.

4. Inthe AMS Designer run script field, type the relative path to the runSimulation
script that ADE generated earlier in this tutorial:

./simulation/tb ieee 802 1lla demo/ams/config/netlist/runSimulation
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— Function Block Parameters: SimulinkCoupler BN S
— gimulink Coupler ¢mask ) (link

See Help for parameter descriptions by right -clicking on the Sirulink coupler rodule.

— Parameters
Murnber of input pins (0,100}
E
Murnber of output pins (0...100%
E
Frame mode I framed j

Frame size {3ecs)-- Use -1 toinherit the frame size.
-1

Sample time (secs)-- Use -1 to inhetit the sample time.
-1

[v Show acvanced options

Socket port (> 10243 -- Llze this number in the DFI Edit Properties form too.
5023

Simulation initialization timeout > 30 secs) -- Time allowed for AMS to start.
[120

Simulation response timeout (> 30 secs) -- Time allowed for AMS to respond during simulation.
[120

[T Bypass data -- Useful for debugging becanse the signal passes through coupler without cosimulation.
[T Show coopler port lakels

Log filehame -- Existing files with the specified name are overwritten. If blank, no log is written.

I SSimulink Cougpler log

Uze AMS Designer run script I MarnesHost ;I

A3 Designer run script -- AMS Designer run script file name.

I Jsirnulationsth_jeee 802 11a_dernodamsficonfighetistiunSimuolation

Haostname -- Hosthame where the run script will run. I left blank, the script will run on the local host.
IIn:n::aJhn:nst

Command -- Command that will be invoked once Simulink starts.

I Ok LCancel Help Aaply T

5. Click OK.
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Assuming you have specified a valid script that runs without incident, you are now ready
to run the cosimulation from MATLAB/Simulink.
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Running the Cosimulation from MATLAB/Simulink

To run the cosimulation from MATLAB/Simulink using the run script you specified, do the
following:

» In the testbench schematic window, choose Simulation — Start.

The cosimulation begins. The Spectrum Scope and Received Signal graphs appear. You
can watch the cosimulation progress. When the cosimulation finishes, the
AMSSimulink.log file appears in a text window.
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Running Cosimulation from the AMS
Designer Environment

Note: AMS-MATLAB/Simulink cosimulation stands for cosimulation using the Virtuoso®

AMS Designer simulator and The MathWorks MATLAB®/Simulink®. ADE stands for the
Virtuoso Analog Design Environment.

/ Important

Use IC 6.1.3, IUS 8.1 or later, and MATLAB704R14 or MATLAB R2007b or MATLAB
R2008a for this tutorial. The estimated time to complete this tutorial is about one
hour.

You can run cosimulation from the Virtuoso® AMS Designer environment. You do not need to
start or use ADE.

Note: This flow supports the fixed-cell coupler method only. For information about the
fixed-cell coupler, see “Creating the Coupler in the Schematic Window” on page 30.

See the following topics for tutorial details:

B Reversing Changes on page 68
m  Opening the Virtuoso Schematic on page 28
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Reversing Changes

If you are starting with the design as you finished with it in the previous section, you need to
reverse the changes you made on the Function Block Parameters form for the
SimulinkCoupler. To reverse your changes, do the following:

1. In the testbench schematic window, double-click SimulinkCoupler.
The Function Block Parameters form appears. Show advanced options is turned on.
2. Scroll down to the Use AMS Designer run script field and select No.

3. Click OK.

Opening the Virtuoso Schematic and Configuration

To open the Virtuoso schematic and configuration, do the following:

1. Start the Virtuoso® software:

virtuoso &

2. In the command interpreter window (CIW), choose File — Open.

The File Open form appears.
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3. Inthe File group box, select the following:

Field Selection
Library AMSDcouple
Cell tb_ieee_802_11a_demo_template
View config
= Open File | o] ]
File
Library  |[AMSDcouple B =
driver EE
Cell th ieee BOZ 1la demo_template gain_d
multiplier

Wiy config B postproc

th_ewvent fixed
Type config th isee B02 1la demo
th 1eee 802 11a demo

Browse th sine
th_sinel00
Application th_sine_d
: ; ; th_sine loo
Hierarchy Editor =
Openwith I ¥ n top_in amsd kd
_ Always use this application for this type of file X il ) W

Cpen far & adit o read

Library path file e /9illw/work /AMS /IC612 /AMS-MATLAE 08 Angl32007/cds. 1ib

4. Click OK.

.\ Cancel JI Help ,._

The Open Configuration form appears.
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5. Select yes for both Configuration and Top Cell View.

— Open Configuration or Top CellWiew | - |J fé|

Open for editing

[ ]
e
i
o
[

=
[=]

Configuration "AMSODcouple th_ieee_802_11a_demo_template config”

Top Cell Wiew "akEDcouple th_ieee_802_11a_demo_template schematic” ® yes . no

I m Cancel Help

6. Click OK.

The configuration appears in the Virtuoso® Hierarchy Editor. The RF Transmitter
System Testbench appears in a schematic window. The RF Transmitter System
Testbench schematic contains the fixed-cell coupler you added in “Placing the
coupler_2_3_a Instance on the Schematic” on page 34.

Launching the AMS Environment from the Hierarchy
Editor

After you have opened the Virtuoso schematic and configuration, you can launch the AMS
environment from the hierarchy editor as follows:

> In the Virtuoso® Hierarchy Editor, choose Plugins — AMS.
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AMS appears on the menu banner.

—'| Wirtuoso® Hierarchy Editor (AMSDcouple th_ieee_B02_11a_demo_template config) | il |_| ol
File Edit “iew Plugins AMS Help Ci_!dEI'I ce
[ ™ R NS ESONR=
Top Cell 78X | Global Bindings 718 x|
Library: |&MSDcouple B Library List: ArsDoouple
Call: th_iees_602_11a_demo_template B Wiew List: :h cmos_sch schematic symbol
YView: | schematic B Stop List: symbol spectre spice
Constraint List:
Jpen

Tahle Wiew |

Tree Wiew
Cell Bindings
Library Cell | Wiew Found | Wiew To Use | Inherited View List |

AmMSDCcouple IG_mod_BB veriloga stimulus dataflow b
AmMsDocouple Fa_BB veriloga stimulus dataflow b
AMSDcouple TRAMNSMITTER_BE  schematic stimulus dataflow b
arsDocouple butte ryaorth_Ipa veriloga stimulus dataflow b
arASDocouple coupler_2_3_a verilogams stimulus dataflow b
abds0couple driver_BB veriloga stimulus dataflow ..
Ar5Doouple postproc schematic stimulus dataflow b...
ArSDoouple th_ieee_#02_11a_d...  schematic stimulus dataflow b...
analogLib res spectre stimulus dataflow b...

Il Mamespace: CDB&  Filters: OFF
36)| = I

Initially, the only item available on the AMS menu is [nitialize.
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Initializing the Run Directory for AMS

The AMS Designer environment requires that you initialize a run directory. The tutorial files

you installed include a run directory. To initialize AMS to use this tutorial run directory, do the
following:

1. In the Virtuoso® Hierarchy Editor, choose AMS — Initialize.

- AMS Initialize |J |J A
Design
Library AMSOcouple
Cell _ 802 11a demo_template
Wiy config

® Existing Run Directory . Mew Bun Directory

Existing Run Directory

Directary fs/th_ieee 802 11a demo_template run; '

Meww Bun Directory

Directory

_\\Cupy frrm esisting directury...} L Imiport from ADE State...

Alveays use this run directory for this configuration

| ‘_CanceIJ\_Hellp_;

The tb_ieee_802_1la_demo_template_run directory appears in the Directory

field in the Existing Run Directory group box. You created this directory when you
installed the tutorial files.

2. Click OK.

The AMS Designer environment uses this run directory. Other items on the AMS menu
become available for selection.
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Specifying the Transient Stop Time

To specify the transient stop time, do the following:

1. In the Virtuoso® Hierarchy Editor, choose AMS — Detailed Setup — Analyses.

The Choosing Analyses form appears.

2. Inthe Stop Time field, type 1m to match the same simulation time in MATLAB.

—|Choosing Analyses -- Virtuose® gnaloeg Desigh Environ| ol |J ,é|
Analysis @ fran o dc o ac o envip
Transient Analysis
Stop Time Ln
sccuracy Defaults (errpreset - Spectre Only)
_ conservative _ moderate _ liberal
_ Transient Moise
Enabled Ciptions...
- | ——
I L Cancel J| Defaults J| Apply J| Help [

3. Click OK.
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Specifying Values for Design Variables

To specify values for the design variables in this design in the AMS environment, do the
following:

1. Inthe Virtuoso® Hierarchy Editor, choose AMS — Detailed Setup — Design Variables.
The Editing Design Variables form appears.

2. If the GAIN_PA (gain) and CP_PA (compression point) design variables (for the RF
power amplifier) do not already appear in the Design Variables table on this form, click
Copy From.

3. For each of the design variables (GAI/N_PA and CP_PA), do the following:
a. Click the design variable name.
The design variable name appears in the Name field on the left side of the form.
b. Inthe Value (Expr) field, type a value:
O For GAIN_PA, type 35.
O For CP_PA, type 24.

Note: The compression point design variable controls the power amplifier’s
linearity/nonlinearity: The smaller the number, the larger the amplifier's nonlinearity.

c. Click Change.
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The design variable and its value appear in the Design Variables table on the right
side of the form.

—| Editing Design Yariables - Virtuoso® Analeg Design Environment (1) | . |J fé|
Cesign Yariables

Selected Wariable

5 Mame | Walue
CP PR 1 GAIN_PA 35

Value (Expry 24

L.ﬁ.dd A Delete A ChangeJ

k ext A Clear A Find)

|

Cellview Wariahles L Copy From e Copy T':')

L_ Cancel )l Apply JL Apply & Bun simulation ) Help ‘,_

4. Click OK.

Starting the AMS Simulation

To start the AMS simulation, do the following:

1. Choose AMS — Netlist and Run.
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The Netlist and Run form appears. In the SIMULATION OPTIONS section of the form,
notice that the Simulate option is GUI.

) amz0: Metlist and Fun: AMSDcouple th_ieee_802_11a_demo_template config | 4 |J B

RUM DIRECTORY
fhomedshvwetas/ars_MATLABMATLABCOsimulationwarksams_run_dirsfh_ieee_80Z_11a_demo_template_run

METLIST AMD RUM FMODE

o D3 5-hased netlister with irun

& Cellview-based netlister with ncvlog, ncelab, ncsim

RUM OFTIONS SIMULATION QPTIONS

» Rletlist incremental __ Al Transient stop time | 1m

# Compile incremental _ all ) i " :
|Model Libraries...| | Options.. | | Save/Plot..
\, J X J J
» Elahorate incremental . All
Simulate G -
» Simulate

COMMECT RULES

Likirary Cell Wienw [
LCnnnect Rules Fnrm...)

GLOBAL DESIGH DATA MODLULE

Library AMSDcouple Cell cds_glohals Wiew mo_template config -

SIMULATION SHAPSHOT

Library AMSDcouple Cell 1l1a demo_template  View config
HOST MODE

Host ® Local . Remote . Distributed

Remote host | Job submissian string

m.\ Cancel JI Run Ji Stop Ji Display Metlist )| Save Bun Scripts )| Defaults || Help j_
L

March 2014 76 Product Version 6.1.6
© 1999-2014 All Rights Reserved.



Cosimulation Using the Virtuoso AMS Designer Simulator and The MathWorks
MATLAB/Simulink

2. Inthe CONNECT RULES section, remove the contents of the Library, Cell, and View
fields.

This tutorial does not require any connect rules.
3. Click Run.

The simulation starts.
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Learning More about the Cosimulation
Interface

Note: AMS-MATLAB/Simulink cosimulation stands for cosimulation using the Virtuoso®

AMS Designer simulator and The MathWorks MATLAB®/Simulink®. ADE stands for the
Virtuoso Analog Design Environment.

The following topics provide additional information about the AMS-MATLAB/Simulink
cosimulation interface:

m Using Framed and Unframed Signals on page 80

Running Event-Based and Fixed-Rate Simulation on page 87

Using the Coupler Module in Feedback Loops on page 92
Running AMS-MATLAB/Simulink Cosimulation on Other Platforms on page 98
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Using Framed and Unframed Signals

Simulink provides different testbenches for framed and unframed data.

To open the tb_sine configuration, do the following in the CIW:
1. Choose File — Open.
The File Open form appears.

2. In the File group box, select the following:

Field Selection
Library AMSDcouple
Cell tb_sine
View config

3. Click OK.

The Open Configuration form appears.

4. Inthe Open for editing group box, selet yes for both Configuration and Top Cell View.

— Open Configuration or Top Cellview | 4 |J fél

Open for editing

Configuration "AMSDcouple th_ieee_802_11a_demo_template config”

[ ]
e
m
o
I

=
=]

Top Cell Wiew "aAksDcouple th_ieee_80Z2_11a_demo_template schematic” & yes N0

I m Cancel Help

5. Click OK.

The configuration appears in the Viruoso® Hierarchy Editor. The schematic appears in
the schematic editor.

To start the AMS Designer simulation, do the following in the Hierarchy Editor:

1. Choose Plugins — AMS.

AMS appears on the menu banner. You must initialize a run directory before you can
access any of the AMS menu selections.
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Choose AMS — Initialize.
Fill out the form and click OK.
Choose AMS — Netlist and Run.

(Optional) On the Netlist and Run form, click Save/Plot to select signals to plot.

@ a » e n

On the Netlist and Run form, click Run.
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Using the Sine Testbench with Unframed Coupling

To open the Sine Testbench (unframed signals) from the Simulink library, do the following:

1. In the MATLAB Command Window, type the following command to open the library:

open SimCouplerLib.mdl

— Library: SimCouplerLib

B

File Edit Wiew o

Help

Coupler Module

cadence

Sirnulink Cougpler

W

Tutorial R14

tutorialir14.mdl  tutorial2e 14 .mdl

AMS Designer - Simulink Cosimulation Library

For MATLAE R13
click here

SimCouplerLik_r13

Examples
Sine Testbench Loop Testhench
unframecd TIFTTFarTiE
sighals sighals
sire_th.mdl loop_th.rdl

Sine Testbench Loop Testhench
frarned frarned
sighals sighals

sire_th_frame . ndl

loop_th_frame.mdl

sine Testhench
framed signals
100 ingputs

Testhench for
event vs fixed rate
syhchronization

site_th100_frarne.rdl

top teshbench
in AnS0

top_in_amsd_th.mdl

event_fixed_th.mdl

Sine Testbench

unf

2. Double-click Sine Testbench (unframed signals).
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3. In the testbench schematic window, double-click the SimulinkCoupler to view its
parameters.

— Function Block Parameters: SimulinkCoupler B

— gimulink Cougpler {mask Clink
See Help for parameter descriptions by right -clicking an the Simulink coupler module.

— Parameters

Murber of input pins (0..100%

E

Murnber of output pins (0. 100%

E

Frame rnoce I unframed ;I

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

Sample time {secs) -- Use -1 to inherit the sample time.

-1

[T Show acvanced options

I Ok Cancel Help [

This SimulinkCoupler supports event-driven simulation and fixed-rate synchronization.

For event-based simulation:

B The Frame mode is unframed and the Frame size field is inactive.

B The coupler module sends data to AMS Designer after each change of its input signal.
m In SimVision, you would see the sine wave exactly as the sources generate it.
[

The sampling time of all sine sources in Simulink is 1e-6, by default. You can change the
sampling time on the Function Block Parameters form (by typing a value in the Sample
time field) and view the changes in synchronization.

For fixed-rate synchronization:
1. Specify a Sample time of 10e-6 to sample the signal at 100 kHz.
This value satisfies the sampling theorem since the highest sine frequency is 20 kHz.
2. Choose Simulation — Start to start the Simulink simulation.

3. Start the AMS Designer/ncsim simulation (click Run on the Netlist and Run form).
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You do not need to make any changes on the AMS Designer side.
You will notice that this simulation runs faster.
4. You can view the sampled signals in SimVision and Simulink.

5. You can run this simulation using reduced values for Sample time (down to 1e-6) for
more accurate sampling.
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Using the Sine Testbench with Framed Coupling

Some telecommunication simulations work with a data-stream-driven simulation. Some DSP
algorithms process a data frame instead of single samples. Simulink provides framed signals
for this purpose. To increase the simulation performance, cosimulation also supports framed
signals. To investigate framed signals, do the following:

1. Inthe Library: SimCouplerLib window, double-click Sine Testbench (framed signals).

— Library: SimCouplerLib BB
File Edit Miew Fomasi Help

AMS Designer - Simulink Cosimulation Library

Examples
Coupler Module
Sine Testbench Loop Testhench
unfranmecd unfranmecd
_; a e n c e i sighals sighals
Fd .
Simulink Coupler sire thoncl loop_th.rndl
Sine Testbench Loop Testhench .
sigrals sigrials franed signals
sine_th_frame. mdl loop_th_frame.rdl
sine Testhbench Testhench for
tutarial 1e14.mal  totorial2e 14 mcl framed sighals event vs fixed rate
100 inputs syhchronization
sine_th100_frarme.rdl event_fimed_th.mdl
For MATLAE R13
click here AU
BimCaupler Lia_r13 o MED
top_in_amsd_th.mdl
L 1
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2. In the testbench schematic window, double-click the SimulinkCoupler to view its
parameters.

— Function Block Parameters: SimulinkCoupler |20

— gimulink Cougpler {mask Clink

See Help for parameter descriptions by right -clicking an the Simulink coupler module.

— Farameters
Murber of input pins (0..100%
E
Murnber of output pins (0. 100%
E
Frame mocle I framedl ;I

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

Sample time {secs) -- Use -1 to inherit the sample time.
-1

[T Show acvanced options

I Ok Cancel Help Apply [

a. You can specify the number of input and output ports.

b. If you turn on Show advanced options, you can also specify the socket port.
c. Notice that the Frame mode is framed.

d. Simulink determines the frame length from the connected input signals.

3. If you simulated the unframed example before, rerun the simulator and view the signals
in Simulink.

4. Inthe Frame size field, type 10.
5. Rerun the AMS Designer simulator.
The result is the same. The simulation takes a bit more time.

You can explore several different frame sizes. The maximum valid frame length is 10000.
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Running Event-Based and Fixed-Rate Simulation

Fixed-rate synchronization can be useful if the model contains signals with different sampling
rates (high and low) and the interface connects only to a low sampling rate block. If the signals
exchanged between AMS Designer and Simulink are at the lower rates, fixed-rate
synchronization with a dedicated sample time can improve the simulation performance
significantly. Here is an example:
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1. Inthe Library: SimCouplerLib window, double-click Testbench for event vs fixed rate

synchronization.
— Library: SimCouplerLib | - |_| A
File Edit Wiew st Help

Coupler Module

cadence

Simulink Coupler

W

Tutorial R14

tutariall rid mddl  tutorial2r 4.mel

For MATLAE R13
click here

SirCouplerLib_r13

AMS Designer - Simulink Cosimulation Library

Examples
Sine Testhench Loop Testbench
unframed unframed
Sighals Sighals
sine_th.mdl loap_th.mdl

Sine Testhench Loop Testbench
frarmed frarmed
sighals sighals

sine_th_frame.mdl

loop th frame.mdl

zine Testhench
framed signals
100 inputs

Testhench for
event vs fixed rate
synichronization

sine_th100_frame.mdl

event_fixed_th.mdl

top teshbench
i ARSD

top_in_amsd_th.mdl
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= event_fixed_th | - |J s

File Edit “iew Simulation Format Tools Help

Testbench for AMS Designer - Simulink Cosimulation

Demonstrates Event based vs Fixed Rate Synchronization

e f=2kHz, sampled at 10us I 1]
”

Sine Wave

g}
e (adence L
Manual Switch Simulink Cougpler Surn

pulse with 0.1us period

Fulze
Generator
- Double-Click on the Coupler module opens the parameter dialog
Use with AMSDcoupleith_event_fixed - Mumber Ofinputs and Nurber Of Qutputs sets the number of module ports
Trouble shooting: - you select between inherited and fixed sample rate
- same pott number for socket connection ? - change the SampleTime and see what happens

- the pulse generates events at 100ns period, this slows down co-simulation in
inherited sample time mode

Q The sine wave generator (Sine Wave) produces a 2 KHz sine wave sampled at
10 us. Simulink transmits the sine wave signal to the AMS Designer simulator.

Q The pulse generator (Pulse Generator) produces a high-frequency pulse with a
period of 100 ns (which is 100 times faster than the sampling rate of the sine wave).

2. In the Virtuoso®

command interpreter window (CIW), choose File — Open.
The File Open form appears.

3. Inthe File group box, select the following:

Field Selection
Library AMSDcouple
Cell tb_event_fixed
View config

4. On the Open Configuration form, select yes for Top Cell View to open the schematic.
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5. Click OK.

—i|Wirtuosa® Schematic Editor L Editing: AMSDoouple th_event_fixed schematic Cu:un-Fi| a |_| _X|

Launch File Edit “iew Create Check Options Migrate Window Help cadence

RS = M X @ Ty - 1R = 1%~
||| - > J = (g ___|||Wurkspan:e: |Basic B |=E|u @ﬁm qé ”||||||

oling

synchronization —

interface ta Adder

Sirnulink

lse the Simulink testbench Yevent_fixed_th', -

nmaouse L: mousesddPi) B: schCmdOption?) R: schHibousePoplpd |
I | Point at one carner of the selection box area: | Cmd: Select Box Sel: 0 j
I I

The Adder component adds the two signals from Simulink.
6. To start the simulation in event-based mode, do the following:
a. Double-click the coupler module on the Simulink schematic.
b. Verify that the Sample time is -1 to turn on the event-based mode.
c. Click OK to close the form.
d. Choose Simulation — Start.
7. In SimVision, display Signal_1, Signal_2, and Sum.
8. Start the AMS Designer simulation.

The simulation takes about 30 seconds. The sine waves appear in Simulink and in
SimVision. You can mark the computed data points.
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9. After finishing the run, go back to Simulink and change the sync mode in the coupler
module to fixed rate with a sample time of 0.00001 (equal to the sampling rate of the sine
source).

10. Run the Simulink simulation again.
11. Go back to SimVision and restart the simulator.
12. Start the AMS Designer simulation.

The simulation finishes after about 5 seconds. The high-frequency pulse no longer
influences data exchange between the simulators.

You can resimulate this example using different sample times.

In other examples where the sampling rate changes over time, the event-based
synchronization might be the better choice. Decide carefully what synchronization scheme
fits best with your design.

Note: If you look at the computed signal points in the SimVision waveform plot, you will see
that the values are not necessarily updated at equidistant points even if you choose fixed-rate
in the Simulink coupler. AMS Designer's analog solver controls the timing of these data points
and can introduce more simulation points if necessary between two synchronization points.
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Using the Coupler Module in Feedback Loops

You can use coupling in feedback loops. In this example testbench (tb_sine_loop),
Simulink generates two sine waves and transmits them to AMS Designer and AMS Designer
feeds one of the signals back to Simulink. The second signal is unused.

—1|Wirtuoso® Schematic Editor L Editing: &MSDcouple th_sine_loop schematic Cu:un-l = |J ,5|

Launch File Edit ¥iew Create Check Options Migrate Window  ,cadence

o @ E 8 E x0T ~lQ %
EERATRETIR O s ive el SRV

*

e [ S S |

pling aim Testbench
onstratic

coupler to
Simulink

vith Si
_tt'_ el

nmouze L: schisingleselactPt) bA: deCipen R: schHibousePoplpl

ls06) | = e | cme: ser 0 ]
I I

Simulink compares the feed-through sine wave with the original signal. The coupler has
additional input and output pins and there is another feedback loop inside AMS Designer.
Simulink adds a constant of 0.1 to the coupler output and the signal connects to the third
coupler input. After each cycle, Simulink increases the signal by 0.1. You can observe this
behavior in the Simulink or in the AMS Designer window. At the beginning of simulation, the
program initializes the signal to zero.
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To open the Virtuoso® schematic, do the following:

1.

7.

o a o

In the command interpreter window (CIW), choose File — Open.
The File Open form appears.

In the File group box, select the following:

Field Selection
Library AMSDcouple
Cell tb_sine_loop
View config

On the Open Configuration form, select yes for Configuration and for Top Cell View.
Click OK.
In the Virtuoso® Hierarchy Editor, choose Plugins — AMS.

Once you have initialized the run directory for AMS, choose AMS — Netlist and Run
and click Run.

In SimVision, display the Loop signal.

You can decide whether to use the Loop Testbench with unframed or framed signals in
Simulink:

Using the Sine Testbench with Unframed Coupling on page 82
Using the Sine Testbench with Framed Coupling on page 85
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Using the Loop Testbench with Unframed Coupling

To use the loop testbench with unframed coupling, do the following:

1. In the Library: SimCouplerLib window, double-click Loop Testbench (unframed

signals).

— Library: SimCouplerLib 4]

File Edit Miew Fomasi Help

AMS Designer - Simulink Cosimulation Library

For MATLAE R13
click here

SimCouplerLib_r13

Examples
Coupler Module
Sine Testbench Loop Testhench
unfranmecd unfranmecd
_; a e “ c e i sighals signals
fd -
Sirnlink Coupler sire_themndl loop th.rndl
Sine Testbench Loop Testhench
Tutorial R14 framed] framed
signals signals
sine_th_frame. mdl loop_th_frame.rdl
sine Testhbench Testhench for
tutarial 1e14.mal  totorial2e 14 mcl framed sighals event vs fixed rate
100 inputs syhchronization

sine_th100_frarme.mdl

top teshbench
in AbdS 0

top_in_amsd_th.mdl

event_fixed_th.mdl

a »» 0 b

A ramp appears in the plot windows. The two sine waves match.

Choose Simulation — Start.

Start the AMS Designer simulation.

After each cycle, increase the signal by 0.1.

| Loop Testbench
unframed signals

On the testbench schematic, double-click SimulinkCoupler to review its parameters.

6. Switch the coupling block to fixed port rate and view the changes on the ramp and the

two sine waves.
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Using the Loop Testbench with Framed Coupling

To use the loop testbench with framed coupling, do the following:

1. Inthe Library: SimCouplerLib window, double-click Loop Testbench (framed signals).

— Library: SimCouplerLib BB
File Edit Miew Fomasi Help

AMS Designer - Simulink Cosimulation Library

Examples
Coupler Module
Sine Testbench Loop Testhench
unfranmecd unfranmecd
_; a e n c e i sighals sighals
fd -
Simulink Coupler sire_thomcl loop_th.rnd
Sine Testbench Loop Testhench I
Tutorial R14 framec framed Loop Testbench
sighals sighals framed signals
sine_th_frame. mdl loop_th_frame.rdl
sine Testhbench Testhench for
tutarial 1e14.mal  totorial2e 14 mcl framed sighals event vs fixed rate
100 inputs syhchronization
sine_th100_frarme.rdl event_fimed_th.mdl
For MATLAE R13
click here 1o teshberich
SimCouplerLin_r13 o MED

top_in_amsd_th.mdl

2. On the testbench schematic, double-click SimulinkCoupler to review its parameters.
3. Choose Simulation — Start.
4. Start the AMS Designer simulation.

The signal increases once for each frame.

The signal values are equal within each frame.

The signal has steps, depending on the frame size.

The frame size in the feedback loop path equals the frame size of the sine waves (defined
in the buffer blocks).

5. Change the frame size and view the changes in the results.
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Note: You must handle feedback loops in cosimulation very carefully. In this example, you
can see that the behavior of feedback signals can vary depending on different simulation
settings. Review your design very carefully around possible loops and decide how to integrate
the loops in the cosimulation. With the default settings, Simulink displays a warning:

Warning: Block diagram 'loop tb' contains 1 algebraic loop(s).

For more information about loops, use type the following command in the MATLAB Command
Window:

sldebug loop tb

The Simulink debugger command-line prompt appears:
(sldebug @0): >>

To eliminate the warning message, do the following:
1. In the Simulink testbench window, choose Simulation — Configuration Parameters.
The Configuration Parameters form appears.

2. In the Select tree, select Diagnostics.
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3. Inthe Algebraic loop field, select none.

T T
—'| Configuration Parameters: sine_th/Configuration | o |_I A
Select: ek
- Solver Algebraic loop: I nonge ;I
- Diata Import/Export . ) . -
... Optimization Minirnize algebraic loop: I swarning LI
b 13 Elock priority violation: |waming ;I
i Gample Time
i Data Integrity Min step size violation: I warning ;I
ED”VE’V?UQ Unspecified inheritability of sample time:l warning LI
P Connectivity
Compatibility Solver data inconsistency: I nonge ;I
- Model Referencing ' N
- Hardhware Imglementation Autornatic solver parameter selection: I [l LI
- Model Referenicing
N ok Cancel Help Aoy T
L L
4. Click OK.
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Running AMS-MATLAB/Simulink Cosimulation on Other
Platforms

You can run AMS-MATLAB/Simulink cosimulation on Linux, Solaris, HP, IBM, and Windows
platforms. If you are running cosimulation from MATLAB under Windows, you must add the
path to the coupler in the Cadence® 1US installation hierarchy in MATLAB using the addpath
command. For example:

addpath ('/grid/cadence/install/ius57/1nx86/tools/affirma ams/etc/matlab');

addpath (' /home/cadence/tutorial /AMS-MATLAB/matlab') ;
addpath (' /home/cadence/tutorial /AMS-MATLAB/matlab/tutorial') ;

March 2014 98 Product Version 6.1.6
© 1999-2014 All Rights Reserved.



Cosimulation Using the Virtuoso AMS Designer Simulator and The MathWorks
MATLAB/Simulink

Troubleshooting

Note: AMS-MATLAB/Simulink cosimulation stands for cosimulation using the Virtuoso®

AMS Designer simulator and The MathWorks MATLAB®/Simulink®. ADE stands for the
Virtuoso Analog Design Environment.

The coupler module prints messages to the MATLAB main window and to the AMS Designer/
ncsim console. The UNIX version of the Simulink coupler block also writes messages to the
SimCoupler. log file in the MATLAB run directory. These messages can help you
troubleshoot problems.

Possible Problems

Here are some possible problems you might encounter and what you can do.

SimVision does not come up, NC elaboration failed

Netlist the design again and restart elaboration/simulation. Check for error messages in the
output window or in the log files.

Note: If you are using the ADE flow, Simvision does not appear unless you have specified
interactive mode.

The cosimulation cannot be established

If AMS Designer/ncsimterminates immediately after starting the simulation run and the AMS
Designer/ncsim console closes, go to the dedicated AMS run directory and review the
ncsim. log file. Coupler module messages appear at the end of this file.

For example:

ncsim> run

initializing couple module 'tb sine.I6'

ERROR: connecting to socket failed, sockfd=16, host=localhost, port=5023
errno=111: Connection refused
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ERROR: can't create new connection to 'localhost' at port 5023 (Master simulator
not running?)

The coupler module cannot connect to MATLAB. Here are some possible reasons and
work-arounds:

1. The Simulink simulation did not start or has stopped as a result of the time-out settings.

Try again. Start the Simulink simulation before the AMS Designer/ncsim simulation.
Wait for the MATLAB initialization phase to finish before starting AMS Designer. Do not
wait longer than the time-out before starting AMS Designer.

2. The simulators are using different socket ports.

Check the settings in MATLAB and in the Virtuoso schematic editor. If there are
differences, change the port numbers so that they match.

3. MATLAB does not run on the specified host.

Check the Hostname parameter of the coupler module on the Virtuoso schematic.
The default value is 1ocalhost.

4. Another service is using the socket port.

Change to another port on both sides.

The simulation ends before the desired time

The cosimulation terminates when one of the simulators reaches its stop time. On the AMS
Designer side, you configure this setting on the ADE Choosing Analyses form or in the
Virtuoso® Hierarchy Editor on the Netlist and Run form (or by choosing AMS — Detailed
Setup — Analyses). In Simulink, choose Simulation — Configuration Parameters and
type a simulation stop time in the Stop time field on the Configuration Parameters form.

When using framed signals the Simulink coupler module reports the error "lookup
ports failed"

The software limits the maximum frame size to 10,000 for each input signal. If your application
requires a larger frame size, contact Cadence for support.

/ Important

All connected signals must have the same frame size.
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Possible Simulink Errors

Here are some possible Simulink error messages and how you might handle them.

“lllegal rate transition found involving block 'sine_tb_frame/SimCoupler' at
input port 2. A rate transition block must be inserted between the two blocks."

Simulink generates this error by default only for the multitasking solver mode of its fixed-step
solver when signals with different sample rates connect to the same block. In framed mode,
the cosimulation produces wrong results when signals with different sample rates connect to
the Simulink coupler module.

We recommend that you turn on this error message for single-task mode. All models in the
AMS Designer/Simulink Cosimulation Library that use framed signals have this option turned
on. To turn on this error message for single-task mode, do the following:

1. In the testbench schematic window, choose Simulation — Configuration Parameters.
The Configuration Parameters form appears.

2. Select Diagnostics, Sample Time.
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3. Inthe Single task rate transition field, select error.

T T
—'| Configuration Parameters: tuteriallrid/Configuration | o |_I|A§|
Select: e e
- Solver Source block specifies -1 sample time:l warning ;I
- Diata Import/Export ) . . "
... Optimization Dizcrete used a3 continuous: I Warning LI
= Diagnostics Multitask rate transition: I errar ;I
B Sarmple Time
Data Integrity Single task rate transition: I Brrar ;I
i Conversion Multitask cata store; I warring LI
- Connectivity
Compatibility Tasks with equal priority: I warning ;I
- Model Referencing
-+ Hardware Implementation
- Model Referenicing
N ok Cancel Help Aoy T
L L
4. Click OK.
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"Error reported by S-function 'SimCoupler' in block 'sine_tb_frame/SimCoupler':
could not determine block sample rate, try using the fixed step solver"

You can only use the Simulink coupler module whose Frame mode is set to framed in
models that have fixed sample rates. (You specify the Frame mode on the Function Block

Parameters form.)

— Function Block Parameters: SimulinkCoupler |20

— gimulink Cougpler {mask Clink
See Help for parameter descriptions by right -clicking an the Simulink coupler module.

— Parameters

Murber of input pins (0..100%
E

Murnber of output pins (0. 100%
E

Frame rnoce I framed ;I

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

-1

Sample time {secs) -- Use -1 to inherit the sample time.

-1

[T Show acvanced options

I Ok Cancel | Help | Apply | [

You can use the variable step solver as long as the coupler module has a fixed sample rate.
To turn on sample time coloring so that you can inspect the sample rates in your model, do
the following:

» Inthe testbench schematic window, choose Format — Port/Signal Displays — Sample
Time Colors.

Black and gray indicate a variable sample time, which you cannot have in framed mode.
Also, you cannot have different sample times at the coupler module (see the previous
Simulink error message).
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