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1

Understanding AMS Designer Simulator
Use Models

The Virtuoso® AMS Designer simulator is a single executable for language-based
mixed-signal simulation. You can use the AMS Designer simulator to design and verify large
and complex mixed-signal SoCs (systems on chips) and multichip designs. The two primary
use models for the AMS Designer simulator are:

B AMS Designer Virtuoso use model

For schematic-based, analog-centric designs, run the AMS Designer simulator from the
Virtuoso Analog Design Environment (ADE) using the OSS netlister and irun.

B AMS Designer Incisive use model

For digital-centric design verification, run the AMS Designer simulator from the command
line using irun. This use model takes advantage of the power of the amsd block. For
more information using irun and the amsd block for AMS simulation, see the Virtuoso
AMS Designer Simulator User Guide. For tutorials that focus on this use model, see
Virtuoso AMS Designer Simulator Tutorials.

Both use models feature the simulation front end (SFE) parser, which is the same parser that
the Spectre circuit simulator uses.

The tutorials in this document focus on the AMS Designer Virtuoso use model (sometimes
abbreviated as AVUM).

/ Important

Before running these tutorials, verify that your AMS Designer installation is set up
and working. See also “Before You Begin” on page 13.

See also the following topics:

m Benefits of Using the OSS Netlister on page 8

® Important Considerations when Using the OSS Netlister on page 9
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Benefits of Using the OSS Netlister

Using the OSS netlister means

You do not need to convert Spectre PDKs to use the AMS simulator (because the OSS
netlister uses Spectre CDF and simlInfo, which is compatible with the AMS Designer
simulator)

You do not have to re-netlist the parts of your design that you have not changed (because
the OSS netlister is an incremental netlister)

You do not have to have writable master libraries and you do not have to use explicit or
implicit TMP directories (because the OSS netlister does not write to the Cadence "5x"
library/cell/view structure)

You can run standalone simulations and debug more simply (because the OSS netlister
writes a single netlist to one location)

The compilation step is faster (because the OSS netlister does not use the "5x" structure)

You can use irun, which is consistent with the digital use model such that you can share
design information

You can have VHDL modules in your design
Q Your VHDL modules must be at the leaf level only
O You cannot use instance binding for VHDL modules

For information about instance binding, see the Cadence Hierarchy Editor User
Guide.
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Important Considerations when Using the OSS Netlister

See the following topics for important considerations when using the OSS netlister:

Netlisting Text Views on page 9
Using View Lists and Stop Lists on page 10

Netlisting the Symbol View for an Instance as Analog or Digital on page 10

Netlisting Inherited Connections on page 11

Updating Text Views that Do Not Have Design Database Information on page 11

Selecting irun for Simulation on page 12

Netlisting Text Views

To netlist a text view, you must import the text view into the Cadence "5x" library/cell/view
structure, or the text view must contain Virtuoso database files (. oa). You can satisfy this
requirement using any of the following methods:

Note: If you have Verilog or VHDL text files that you do not want to netlist, you can specify
them by clicking Library Files/Directories on the Main tab in the AMS Options form.

B Import Verilog text files using the Verilog In utility.

For more information about using Verilog In, see the Verilog In for Virtuoso Design
Environment User Guide and Reference.

m Import VHDL text files using the VHDL In utility.

For more information about using VHDL In, see the VHDL In for Virtuoso Design
Environment User Guide and Reference.

® In the schematic editor, choose Create — Cellview — From Cellview.
B Inthe command interpreter window (CIW), choose File — New — Cellview.
® Inthe Library Manager window, open the cell for editing and then save it.

Note: If you were previously using the cellview-based netlister and you do not know which
cells do not have a Virtuoso database file (. oa), or if you have many views that do not have
a database file, see “Updating Text Views that Do Not Have Design Database Information” on
page 11.
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Using View Lists and Stop Lists

Cadence software uses configuration view lists and stop lists to determine how to netlist
design cells. Each cell in your design must have an associated schematic or simulator
primitive. You specify valid views, in order of preference, in your view list. The netlister netlists
cells that are leaf nodes in the design hierarchy according to the views you specify in the stop
list. You specify the views that correspond to the most detailed simulation descriptions for a
cell in the stop list. For each instance view in your design, the netlister stops the design
hierarchy expansion process when it encounters a matching view in the stop list and writes
that information to the netlist.

In the Cadence Hierarchy Editor, you can specify global bindings as well as view binding at
the instance level. You can specify instance-level view binding if you want to netlist using a
different view for a particular instance of a cell.

Note: For more information about configuration views, see "Understanding Configurations"
in the Virtuoso® AMS Designer Environment User Guide. For more information about
view lists and stop lists, see the Cadence Hierarchy Editor User Guide.

Netlisting the Symbol View for an Instance as Analog or Digital

By default, if you bind an instance to a symbol view in your configuration, the netlister netlists
that instance as digital. To netlist such an instance instead as an analog primitive using the
Spectre CDF simulation information, do one of the following:

m In the Virtuoso® Hierarchy Editor:
a. Open your configuration.
b. Replace symbol with spectre in the View List and Stop List fields.
m In ADE:
a. Choose Simulation — Options — AMS Simulator,
The AMS Options form appears.
b. Select the Netlister tab.

c. Inthe Netlist using spectre CDF simlinfo field, type symbol.
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Netlisting Inherited Connections

An inherited connection is a net expression associated with either a signal or a terminal. You
use inherited connections to override specific global names in your design. You can use this
feature for a design that has more than one power supply.

To implement separate power supplies (such as analog and digital, or +3 Volts and +5 Volts),
do the following:

1. Assign net expressions to those global signals whose default values you might want to
override.

2. Use netset properties to specify new values for those signals.

Note: For more information about inherited connections and netSet properties, see
“Inherited Connections” in the Virtuoso Schematic Editor L User Guide.

Updating Text Views that Do Not Have Design Database Information

The OSS-based AMS netlister does not support designs with text-only views; that is, text
views that do not contain a Virtuoso® database file (.oa). You can create the . oa database
for such views by doing the following:

1. In ADE, choose Tools — Update Text Views.

The Update Text Views form appears.

2. Select Create database for text views.

3. Inthe Text views group box, specify the text view or views for which you want to create
the Virtuoso database.

4. Click OK.
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Selecting irun for Simulation

You can use irun for single-step compilation, elaboration, and simulation of your
mixed-signal designs. AMS Designer relies on the OSS-based netlister to netlist designs for
irun simulation. For OSS-based netlisting, you must run AMS from the Virtuoso® Analog
Design Environment (ADE) and do the following:

1. Choose Setup — Simulator.
The Choosing Simulator/Directory/Host form appears.
2. Select ams from the Simulator drop-down combo box.
3. Click OK.
4. Choose Simulation — Netlist and Run Options.
The Netlist and Run Options form appears.
5. Inthe NETLIST AND RUN MODE section, select OSS-based netlister with irun.
6. Click OK.

Note: For more information about the OSS netlister, see "Using the OSS Netlister" in the
Virtuoso AMS Designer Environment User Guide. For more information about irun
simulation, see “Using irun for AMS Simulation” in the Virtuoso AMS Designer Simulator
User Guide.
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Before You Begin

Note: ADE is an abbreviation for the Virtuoso® Analog Design Environment. HED is an
abbreviation for the Virtuoso Hierarchy Editor. AMS-Spectre stands for the AMS Designer
simulator with the Spectre solver. AMS-UltraSim stands for the AMS Designer simulator with
the UltraSim solver.

You can run these tutorials using the AMS Designer simulator along with Cadence® Virtuoso®

software—such as the Virtuoso Analog Design Environment (ADE) and the Virtuoso
Hierarchy Editor—from the IC 6.1.2 ISR 14 release or later. Your MMSIM installation must be
version 7.0 or later.

Make sure your paths and environment variables are set up to use the correct releases.

For example:

setenv CDSHOME /cds/tools/IC612

setenv AMSHOME /cds/tools/ius82

set path= ( $AMSHOME/tools/dfII/bin $AMSHOME/tools/bin $path)

set path = ( $CDSHOME/tools/bin S$CDSHOME/tools/dfII/bin
SCDSHOME/tools/dfII/pvt/bin Spath)

You can download the tutorial files from the installation hierarchy:

your_install_dir/tools/dfII/samples/tutorials/AMS/
To download all tutorials, do the following:
1. Create a tutorial directory in your local area. For example:

mkdir myAmsTutorials

2. Copy the tutorial files from the installation hierarchy. For example:
cp -r SCDSHOME/tools/dfII/samples/tutorials/AMS/* myAmsTutorials

The system copies all the tutorial files from samples/tutorials/ams into
myAmsTutorials.

3. Change to your local tutorials directory. For example:

cd myAmsTutorials
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4. Decompress each tutorial file. For example, to decompress the aMspInaADE. tar . gz file, do
the following:

gunzip AMSDInADE.tar.gz
tar xf AMSDInADE.tar

To download only a particular tutorial, do the following:

1. Change to the directory where you want to download the tutorial. For example:

cd myAmsTutorials

2. Copy the tutorial file from the installation hierarchy. For example:
cp -r S$CDSHOME/tools/dfII/samples/tutorials/AMS/AMSDINADE.tar.gz .

The system copies the AMSDInADE. tar.gz file into the myAmsTutorials directory.

3. Decompress the archive file:

gunzip AMSDInADE.tar.gz
tar xf AMSDInADE.tar

You are ready to begin.

The following tutorials are available at scpsHOME/tools/dfIT/samples/tutorials/AMS/:

File Documentation

AMSDInADE .tar.gz “Building an AMS Test Case in ADE” on page 17

MATLABCosimulation.tar. Coming soon... For now, see Cosimulation Using the

gz Virtuoso® AMS Designer Simulator and The MathWorks
MATLAB®/Simulink®

AMSS_Envelope_ADE Coming soon...
AMSSpectreTurbo Coming soon...

MigrateFromCBNToOSS ‘“Migrating to the OSS Netlister” on page 129
N.tar.gz

MigrateFromVerimixToAM “Migrating to AMS Designer” on page 69

SDinADE.tar.gz

MultiPowerDis.tar.gz “Using Digital Disciplines for Multiple Power Supply Design” on
page 157

MultiPwerlnhConn.tar.gz “Using Inherited Connections for Multiple Power Supply Design”
on page 137
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Building an AMS Test Case in ADE

You can take an existing schematic-based analog design and some digital (Verilog, in this
example) text modules and build an AMS test case in the Virtuoso® Analog Design
Environment (ADE) and run a full-chip AMS simulation.

Note: Begin this tutorial in the AMSDInADE subdirectory. This tutorial examples takes about
30 minutes to complete, not including the simulation run time for the design.

You can run the AMS Designer simulator from ADE or from the Virtuoso® Hierarchy Editor
(HED). You can also run the AMS Designer simulator using a command-line interface. Being
familiar with using other circuit simulators (such as Spectre, UltraSim, and SpectreVerilog) in
ADE can help you understand this tutorial.

This tutorial demonstrates how you can build an AMS test case in ADE and HED. The basic
steps are as follows:

1. Start with an existing analog schematic-based design that you previously simulated
using Spectre or UltraSim (or SpectreVerilog or UltraSimVerilog).

2. Import the digital modules—either Verilog or VHDL—into the Virtuoso design
environment (we will demonstrate how to do this).

3. Complete the mixed-signal design in the Virtuoso Schematic Editor.

4. Configure the design in the Virtuoso Hierarchy Editor.

5. Set up options and customize connect rules in ADE.

6. Simulate the design using AMS in ADE.

/ Important

Before starting this tutorial, see “Before You Begin” on page 13.

See the following topics for details:

m The Tutorial Example on page 19

B Using Verilog In to Import the Verilog Module into ADE on page 20
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Viewing the Testbench for the PLL Design on page 32

Adding Divider Block Instances to the Tutorial Schematic on page 26
Creating a Configuration View for AMS Simulation on page 34

Setting Up the Simulation in the Analog Design Environment on page 39
Selecting Outputs for Plotting on page 49

Creating and Displaying the Netlist on page 53
Saving the State on page 54

Running the AMS Simulator with the Spectre Solver on page 55
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The Tutorial Example

This tutorial example is a mixed-signal 160 MHz PLL circuit that consists of both schematic
and Verilog language design units. The schematic contains the following analog components:
a VCO, a phase frequency detector (PFD), a charge pump, and a loop filter. The two digital
frequency dividers are RTL-level Verilog modules.

The key files and directories are:

cds.lib Defines the associated libraries for designs, Cadence-shipped
standard libraries, Fab foundry libraries, and so on

artist_states Location of simulator setup information for ADE

gpdk090 90nm process design kit (PDK)

models Device model files in Spectre format

amsPLL Library of PLL blocks for the schematic database

dig_source Location of the two behavioral Verilog frequency dividers

clean_up Script for cleaning up intermediate files

The key signals are:

pll_160MHZ_sim.I3.vCNTL
pll_160MHZ_sim.CLK_REF
pll_160MHZ_sim.CLK_160MHZ

pll_160MHZ_sim.I3.VCO_CLK

March 2014
© 1999-2014

VCO'’s control voltage signal
25 MHz clock reference

160 MHz PLL output

VCO’s output voltage signal
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Using Verilog In to Import the Verilog Module into ADE

You can use Verilog In to import a Verilog® module into a Cadence library and create a symbol
for that module for use in the Virtuoso® schematic editor. We will import the two Verilog
behavioral frequency dividers from the dig_source directory.

See the following topics for more information:

m Viewing the Verilog Behavioral Files for the Frequency Dividers on page 20
B Importing the Verilog Files into the Virtuoso Design Environment on page 21

m Viewing the New symbol and verilog Views for the Divider Cells on page 25

If you do not need to create a symbol for your module, you can use one of three other methods
to import Verilog modules. See “Importing Verilog Modules without Creating a Symbol” on
page 26 for more information.

Viewing the Verilog Behavioral Files for the Frequency Dividers

To view the two Verilog behavioral frequency dividers in the dig_source directory, do the
following:

1. Change to the directory that contains the two behavioral Verilog frequency dividers:

cd dig_ source

2. Type 1s to view the files:
1ls

You will see the following two files:

PLI,_160MHZ MDIV.v Divider with factor 64, for VCO's output clock

PLL_160MHZ_PDIV.V Divider with factor 5, for input reference clock

3. Type more * .v to view their contents.
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Importing the Verilog Files into the Virtuoso Design Environment

To import these files into the Virtuoso design environment (that is, into the lib/cell/view
structure of Cadence libraries), do the following:
1. Start Cadence software:

virtuoso &

Note: If you get a warning message such as the following in your CIW when you start
Cadence software:

*WARNING* envLoadFile: file .cdsenv does not exist, or is not readable.

you can add ; ; to the beginning of the following command in the . cdsinit file so that
it does not execute:

envLoadFile (".cdsenv")

2. In the CIW, choose File — Import — Verilog.
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The Verilog In form appears.

— Verilog In

Import Options Global Met Cptions Schematic Generation Options

File Filter Mame

S

amsPLL /

artist _states/
cds. 1ihb

clean

dig source/

Fhome 111w fwock AAMS S TICEL2 famsd Tnbul

N a»

Target Library Mame Bronwse

e
Reference Libraries sample basic
Werilog Files To Import Sl
-f Options
P A
-y Options
P &
-y Oiptions | Add |
SR

Libirary Extension

Library Pre-Compilation Options

Pre Compiled Yerilog Library

HOL “iew Mame hdl

3. Inthe Target Library Name field, type amsPLL.

i FLL
Target Library Mame AMS Browse |

Note: You can also use the Browse button to open the Library Browser form and select
amsPLL from the Library column on that form.

4. In the File Filter Name scrolling list box, double-click dig_source.
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The two Verilog behavioral files in that directory appear on the form.

Import Options iGlob:

File Filter Hame

Wi
PLL_1B0MHE MOIV. v
PLL_160MHE_POIV.w

5. For each of the two files in this list, do the following:
a. Select the file name.
b. To the right of the Verilog Files to Import field, click Add.

The full path to the file appears in the field. When more than one file name appears
in the field, a space separates one file name from the next.

6. Inthe Structural View Names group box, type verilog in the Functional field.

Structural View Names

Schetmatic schematic Metlist netlist

I Functional verilog aymbol symbol

7. Select the Global Net Options tab.

— Yerileg In | 4 |_| il
Import Cptions Global Met Options Schematic Generation Optians
Global Hets
Fower Met Mame Voo ! Ground Met Mame  GND!
Global Signals

Het Expression

Create Met Expression

Met Expression Property Mame for Pover Met wdd
Met Expression Propery Mame for Ground Met grd
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8. Inthe Power Net Name field, change VDD!to vDD1!.

This tutorial example has nets VDD and vsSs, and neither is a global net, so to avoid a
name conflict (with our vDD net), we change the global power net name here to vDD1!.

9. Click OK.
Informational messages appear in the output area of the CIW.

A prompt appears.

_.i Yerilogln |J|f\§|

@ IMFO (WERILOGIM_GUI-15): Werilog Import completed. Look at logfile, Averiloginlog, for process execution details.

H Yes

Mo Help

10. To view the log file, click Yes. (If you do not care to see the log file, you can click No.)

= Log File | - |J A
File Help cadence

B#15C05: ihdl. exe wersion 6.1.2 08/21/2007 1432 (cicBlZlre) % Wed Aug 22 10:40:46 2007 =
INFO (VERILOGIN-357): Checked in symbol PLL_160MHZ MDIV.
INFO (VERILOGIN-345): Checked in functional wiew PLL_160MHE MDIV. Expression on port found
INFO (VERILOGIN-357): Checked in symbol PLL_160MHZ PDIV.

INFO (VERILOGIN-345): Checked in functional wiew PLL_160MHE PDIV. Expression on port found

INFO (VERILOGIN-Z206): End of Logfile.

11. Choose File — Close Window to close the log file viewing window.
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Viewing the New symbol and verilog Views for the Divider Cells

You can view the new symbol and verilog views for these two new cells
(PLL_160MHZ_MDIV and PLI_160MHZ_PDIV) in the amsPLL library as follows:

1. Inthe CIW, choose Tools — Library Manager.
2. Inthe Library column, select amsPLL.

3. In the Cell column for each new cell, select the new cell name (PLL_160MHZ_MDIV
and PLL_160MHZ_PDIV).

In the View column for each new cell you select, both symbol and verilog views appear.

= Library Manager: Directory .. stcases/shweta/myah1S / AMSDInADE | ] |J j\§|
File Edit ¥iew Design Manager Help cadence
_ Show Categories _ Show Files
Library Cell View
amsFLL FLL_160RHZ_MDIY|
aExamples PLL_1BOMHZ Wiew | Lock | Size|
PLL_160MHZ_LF | symhbol 2ok
analogLib FLL_160kHZ_RBADIY verilog 535
hasic PLL_160MHZ_RDIY _answer
cdsDefTechLib PLL_16OMHZ_PDIY
connectlib PLL_160MHZ_PDIY_answer
gpdk0an FLL_TEOMHZ _answer
sample FLL_160MHZ_sim
Messages
Log file is "/net/cicsol20d/exporfhomesselvats/cicAestoases/shweta/my AMS/AMEDIL_
: I s

Note: You can ignore the PLL_160MHZ_MDIV_answer and
PLL_160MHZ_PDIV_answer cells which we provided with this tutorial for your
reference and convenience only.
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Importing Verilog Modules without Creating a Symbol

You can use the following methods to import a Verilog module for simulation:

Use -y/-v in the analog design environment (ADE) to specify the Verilog text module.

Note: This method produces results similar to the original SpectreVerilog simulator. For
information about how to specify these options, see "Specifying Library Files and
Directories for the Compiler" in the Virtuoso AMS Designer Environment User

Guide. See also "Choose Simulation — Options — AMS Simulator" in the "Running a
Simulation" chapter of the Virtuoso Analog Design Environment L User Guide.

Specify the Verilog source file in the Virtuoso® hierarchy editor.

Use ncvlog -useb5x to compile the Verilog module into a lib/cell/view Cadence library
structure.

See "ncvlog Command Syntax and Options" in the Virtuoso AMS Designer Simulator
User Guide for information about the -use5x option.

When you use any of these methods, you must create the symbol yourself. Alternatively, you
can use Verilog In to create a symbol for you. See “Using Verilog In to Import the Verilog
Module into ADE” on page 20 for more information.

Adding Divider Block Instances to the Tutorial Schematic

To add component instances for the Verilog behavioral divider cells to the tutorial schematic,
do the following:
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1. Inthe Library Manager, select amsPLL, PLL_160MHZ, schematic.

= Library Manager: Directory .. stcases/shweta/myah1S / AMSDInADE | el |J e
File Edit ¥iew Design Manager Help cadence
_ Show Categories Show Files
Library Cell View
amsPLL FLL_160MHZ schematic|
aExamples FLL_160MHZ View | Lock | Size|

PLL_160OMHZE_LF e hehavioral 2k
analogLib PLL_160RHZ_MDIY schematic | |
hasic FLL_1EOMHZ_MDIV_answer symhal 27k
cdsDefTechLib PLL_16OMHZ_PDIY vetilogams Tk
connectlib PLL_160MHZ_PDIY_answer
gpdk0an FLL_TEOMHZ _answer
sample FLL_160MHZ_sim il
Messages
Log file is "/net/cicsolZDd/exportthomesselvats/cicAestoases/shweta/my AM S/ AMEDL_

[ ) I

2. Choose File — Open.
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The tutorial schematic appears in a Schematic Editor window. There are vacancies on
the schematic where you will place the new symbols.

— Cadence Design Systems, Ine. —
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3. Place an instance of PLL_160MHZ_PDIV in the upper left vacancy and connect the
nets as follows:

= Wirtuoso® Schematic Editor L Editing: amsPLL PLL_160MHZ schematic | 4 |J i

Launch File Edit Yiew Create Check Opfions Migrate Window Help CéﬂEl‘ICE

I o o» |4 O X @ Ty 63 @ » | Q = [ -
B - {[warkspace: | Basic nlzf' & |l s ol » [

mouse L: sch3ingleSelectPto k: ddsOpenLibhanager R: schHibousePoplpl |

i | - cme: sel: 0 || )|

If you want instructions for how to select and place these parts on the schematic,
see “Selecting and Placing Divider Cell Instances” on page 31.
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4. Place an instance of PLL_160MHZ_MDIV in the lower vacancy and connect the nets
as follows:

= Yirtuozo® Schematic Editor L Editing: amsPLL PLL_160MHZ schematic | 2] ] %]

Launch File Edit Yiew Create Check Opfions Migrate Window Help CéﬂEl‘ICE

b = e o» | O @ X @ T & SO RO | o
I - » [ EEEWDrkspace: Basic nlzf_‘_‘ @Q -/[% eIk » ||

nmouse L: schiingleselectP) k: dodsOpenLibbdanager]) R: schHibousePoplp |
ey | = Crid: Sel: 0
)| | W)

Note: Remember to type r twice to rotate the part to its correct orientation.

5. Check and save the schematic.

Note: We provided the PLI._160MHZ_answer schematic with this tutorial for your
reference and convenience.
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Selecting and Placing Divider Cell Instances

To select and place divider cell instances, do the following:
1. In the schematic editor, choose Create — Instance (or type 1i).
The Add Instance form appears.
2. Click Browse.
The Library Browser window appears.
3. Inthe Library column, select amsPLL.
4. Click Filters.
The View Filter By form appears.
5. Inthe Cell Filter field, type PLL_160MHZ* to narrow the search field and click OK.
Only cell names beginning with this string appear in the Cell column.
6. In the Library Browser window, select PLL_160MHZ_PDIV.
As you drag your mouse over the schematic, you can see the outline of the symbol.
7. Click to place the instance on the schematic.
8. Select PLL_160MHZ_MDIV.

As you drag your mouse over the schematic, you can see the outline of the symbol.
You will need to change the orientation of this instance before placing it.

9. Type r twice to rotate the instance into the correct orientation.
10. Click to place the instance on the schematic.

11. Press Esc when finished.

For more information, see “Adding Instances” in the “Creating Schematics” chapter of the
Virtuoso Schematic Editor L User Guide.
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Viewing the Testbench for the PLL Design

To view the testbench schematic for the tutorial example (a PLL design), do the following:

1. In the Library Manager, select amsPLL, pll_160MHZ_sim, schematic.

=] Library Manager: Directory .Jillw Swork A s ACET 2 famsdinGui | ! |_| fél
File Edit Yiew Design Manager Help cadence
_ Show Categories _ Show Files
Uhl"ﬂl"y " Cell -:;-"'WEW OO o Sl A
| amsPLL | plI_16aMHZ_sir| | schematic
| amspie R p_iG0MHZ_sin Il schematic
analogLib sheet_a
hasic sheet_aa
cdsDefTechLib sheet b
. sheet_tc
connectlib tighi_hy 9
gpdk03o tielo_hw
sam |E wEp? e b L
P - I 1
~ Messages =
Log file iz “‘homedfilbetorkd AR E1CET 2famsdinGuidibhManagerlog”.
: I11] '] T
L L ’ﬁ
2. Choose File — Open.
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The testbench schematic appears in a Schematic Editor window.

I
_|| Wirtuoso® Schematic Editor L Editing: amsPLL PLL_160MHZ_sim schematic | a |J

P
Launch FEile Edit Miew Create Check Options Migrate Window Help cadence

b = & & O W X § T, ¢ Rx1 »|Q »] |
I = = [l arkspace: Basic =|=E'L. 7= s ':Iﬁ Ly & |

nmouse L: sch3ingleSelectPtl k: ddsCpenLibbdanager R: schHibousePopUpd |

IECIE cme: el 0 || WA

Notice that the power supply (VDD) is 2.5 Volts.
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Creating a Configuration View for AMS Simulation

To create a configuration view for the testbench schematic for AMS simulation, do the
following:

1. In the Library Manager, select amsPLL, pll_160MHZ_sim.

= Library Manager: Directory . Jillw Swork/AMSACET 2 famsdInGui | el |J J-S|
File Edit Miew Design Manager Help cadence
_ show Categories _ Show Files
Ijhrary ::"'CE“ -:;-""'l.l"iEW ................................................ =
| amsPLL | pll_180MHZ_sim | schematic
I oamsre R ot c0tHZ_sin
analagLib sheet_a
hasic sheet_aa
cdsDefTechLib sheel b
iLib sheet_c
connectLi tighi_hy e
gpdk030 tielo_hv
samnle (- I EV I ST L
P 4 f' 111 ]_
~Messages =
Log file is "fhomedilbwivorks s sSACET 2famsdinGuidibhanagerlog”.
:- 1} :' -
1 | /;?:
2. Choose File — New — Cell View.
The New File form appears.
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3. Inthe Type field, select config.

— Mew File [ ] ]
File

Library amsPLL :

Ceall pll 160MHE sin

Wieny config

Type config n
Application

Cipen with \Hierarchy Editar B

_ Always use this application for this type of file

Library path file
mie 7111w worck AAMS STGELE famsdIntul fods. Lib

4. Click OK.

The New Configuration form appears.
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5. In the View field in the Top Cell group box, select schematic.

Mew Configuration |J A

Top Cell

Library: |amsPLL

Cell:  |pl_1BOMHZ _sim

Wiay I‘schematicl

Global Bindings

Library List:

Wieny List:

Stop List:

Constraint List:

Description

( Cancel ) [ Use Template | [ Help J

6. Click Use Template.
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7. In the Name field in the Template group box, select AMS.

— se Ternplate

B

A

Template

MHame: L{Dther}

From File: =Uther-

AMS_Compatibility
aulys

hspiceD

spectre
spectreverilog

verilog
—L——— vhidlintey

8. On the Use Template form, click OK.
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Bindings appropriate for AMS simulation appear in the fields of the Global Bindings
group box. For more information about global bindings, see “Global Bindings Section” in

the “Cadence Hierarchy Editor Overview.”

— Mew Configuration | ]

Top Cell

Libwrary: |amsPLL

Cell:  |PLL_1BOMHZ_sim

YWiew: |schematic

Global Bindings

Likwrary List: hasic analoglib

Wiew List: atic. verilogams veriloga hehavioral functional symhbaol
Stop List: symbal
Constraint List:

Description

Default config wiew template for O55-based and Cellview-based Verilog-
a5 netlisters in ADE.
Mote:

Flease remember to replace Top Cell Library, Cell, and Yiew

fields with the actual names used by your design.

m L Cancel | [ Use Template )| Help

In this tutorial design, most cells are schematic cells. Only PL1_160MHZ_MDIV and
PLI_160MHZ_PDIV are Verilog cells. Therefore, to get the cell bindings you want, you
need to change the view list so that verilog and schematic appear at the beginning
of the list.
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9. Inthe View List, click to place the edit cursor and change the view list so that verilog
and schematic appear at the beginning of the list.

verilog schematic ...

10. Click OK.
11. In the Virtuoso® Hierarchy Editor window, choose File — Save (Needed).

The config view is open in the hierarchy editor and the schematic view is open in the
schematic editor.

Setting Up the Simulation in the Analog Design
Environment

To set up the simulation in the analog design environment (ADE), do the following:

m Launching ADE on page 39

Selecting the AMS Designer Simulator with the Spectre Solver on page 41

Specifying the Transient Analysis on page 42

Specifying the Model Libraries on page 43

Customizing Connect Rules on page 45

Launching ADE

To launch ADE and specify the config view, do the following:

1. In the Schematic Editor window for amsPLL pll_160MHZ_sim schematic, choose
Launch — ADE L.
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The Virtuoso® Analog Design Environment window appears.

I ]
_|| Wirtuaso® Analog Design Environment (1) — amsPLL PLL_160MHZ_sim canfig | a |_||,$|
Launch Session Setup  Analyses Yariables Outputs  Simulation  Besults Toaols Help CEdEI’I ce
4.7 |BSle i e db
Anal TIFIX]| =
Design Yariables b S
Type | Enable| Arguments P
- Hame Value |
1 Z5M 1]
e
®
Outputs 78|
MarmesSignal/Expr | ¥alue | Plot| Save| Save Options |
" Plot after simulation: |[Auto B Plotting mode: (Replace B |
nause L: hd: R
|18 | stimuli ... | Status: Ready | T=27 C | Simulator. ams(Spectre)Mode; hatch JW//A—
I 1

In order to select the AMS simulator in ADE, you must choose the config view first.
2. Choose Setup — Design.

The Choosing Design form appears.
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3. Inthe View Name field, select config.

I I
_|| Choosing Design —— Yirtuoso® Analog Cesign Environment (17 | 4l |_||_)$|

Library Mame  |@msPLL B
(-l Mame PLL_1G50MHZ BDIV
PLL_1G50MHE PDIV answer R

PLL_160MHE answer
PLL_150MHE =im
PLL_BRST
PLL_ARST DIG
PLL_CP
PLL_INV10XE
PLL_INV3X

PI.T. NTIWR

Wiew Mame config B

Open Mode & edit L read

Cancel Hellp

4. Click OK.

config appears in the title banner of the ADE window.

—'| Yirtucso® gdnaleg Design Envirenment (1 - amsPLL pII_1EOMHZ_5irr|confiq |

Session Setup Analyses Mariables  Qutputs  Simulation Besults Tools Help |

Now you can select the AMS simulator.

Selecting the AMS Designer Simulator with the Spectre Solver

To select the AMS Designer simulator with the Spectre solver, do the following:
1. Choose Setup — Simulator/Directory/Host.

The Choosing Simulator form appears.
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2. In the Simulator field, select ams.

— | Choosing Simulator/Directory fHost - Yirtuoso® Analog Design Erwirc| Ll |J o

Simulatar

Froject Directory

Host kode

3. Click OK.

|spectre

hspiceD
spectre
Ultrasim

' distributed

spectreferilog
Ultrasim v erilog

cancel J| Defaults )| Apply | Hellp J_

ams appears in the window header after Simulator. The currently configured analog

solver appears next to ams in parentheses. Spectre is the default analog solver. We will
use the Spectre solver for this part of the tutorial.

|8(1 fi | Simulator/Directary/Host

| Status: Ready | T=27 C ISimuIatnr: ams(Spectreiﬂnde: vatch || A

Note: You can change the solver on the Choose Solver form by choosing
Simulation — Solver.

Specifying the Transient Analysis

To specify the transient analysis for this tutorial, do the following:

1. Choose Analyses — Choose.

The Choosing Analyses form appears. The default Analysis selection is tran.

2. In the Stop Time field, type 8u.
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A check mark appears in the Enabled check box.

—|Choosing Analyses -- Virtuoso® gnaloeg Design Envir0n| ol |J g

Analysis & fran o dc o oac o envip

Transient Analysis

Stap Time Bl

Sccuracy Defaults (errpreset - Spectre Only)

_ conservative _ moderate _ liberal

__ Transient Moize

Enabled Options...
- |

\_Cancel_“_ IZflefauItsJ\_.fl‘-.}:|;JI5-'J\_HeI!:J_‘r

3. Click OK.

The transient analysis setup appears in the Analyses area in the ADE window.

Analyses
_ Type |Enahle | Arguments
1 tran W 0 &u =

Specifying the Model Libraries

To specify the model libraries for this tutorial, do the following:

1. Choose Setup — Model Libraries.
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The Model Library Setup form appears.

— ams2: Model Library Setup [l
| Maodel File | Section |
B Global Model Files
- =Click here to add model file> iQ I - B

=

4
=

#®
=
Ok Cancel || Apply Hellp

2. Click the browse button.

rowse button

3. On the Choose form that appears, navigate to and double-click

models/spectre/gpdk090.scs.

4. To select a particular section, click once in the Section column so that the down arrow

appears.
;| ams2: Model Library Setup | = |J|/$|
: | todel File | Section
B Global Model Files
[ ¥ | ‘homedjillwitwork SMEACET 2/amsdinGuismodels/spectredgpdki30. scs T - \5—
----- — =Click here to add model file= —
a
|
| ¥
-
@I cancel _Apply ) Help

—— Down arrow

5. On the drop-down list that appears in the Section column, select NN.

Section |

35
SF
FS
FF

6. On the Model Library Setup form, click OK.
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Customizing Connect Rules

The power supply for the PLL design in this tutorial is 2.5 Volts. There are no built-in rules for
this voltage, so you need to customize a set of connect rules for 2.5 Volts. We will select and
customize the connect rules for a 3-Volt supply.

To customize connect rules for this tutorial, do the following:
1. In the Virtuoso® Analog Design Environment window, choose Setup — Connect Rules.

The Select Connect Rules form appears. ConnRules_5V_full appears in the List of
Connect Rules Used in Simulation table by default.

2. Select ConnRules_5V_full and click Delete.

_|i ams3: Select Connect Rules | 4 |Ji;€|

List of Connect Rules Used in Simulation

Tyne Rule Mame Dretails

Built-in ConnRules_1a8Y_full_fast Lib:connectLib Wiew:.connect

: 1| ]

\ Enghle J | Dizable Hename...jk Copy... J | g J L [ j\CustDmlze..;}

This action removes the default connect rules so that you can specify your own set of
customized connect rules for this tutorial.

3. Using the drop-down combo box in the Rules Name field of the Built-in rules group
box, select connectLib.ConnRules_18V _full_fast.

The _full rules are the most accurate. Cadence recommends the _full_fast rules
for use with AMS Designer. You can customize the built-in rules you select for the supply
value of your design. In this case, the PLL is a 2.5-Volt design.

4. Click Customize.
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The Customize Built-in Rules form appears.

_|| ams2: Customize Built=in Rules | 4 |_|i,$|

DESCriptiUn FEh:‘LS‘“l‘SthE description for CDDﬂRulES_SV_fU.ii_‘f‘éS-t"-

Zonnect Module Declarations

wdelta="Ysup/Bd viol="Vdelta/d ttol="Tr/Z0

REZE_Z veup=3.0 vdelta="vsup/B4 tr="Tr/20 t=TrZ0 rout=20 ,
CO _hicir RPN PR TN = R 7= P
‘ i ! o
¥ 111l *
Foiewe canmect module: | LM defines. o
L 7 5
kdade | |
Parameters
EErEmETEr el E
Parameter, | | Walue . T ChHange |
Direction? - | | Disciplined
Directionz . | ] Disciplinez

| Connect Resalutions..|
N

WL cancel [ Apply )( Disciplines... )

hodule |Mnde Parameter/Values -
.~ LeE_2 ywsup=3.0 vlo=0 tr=0.4n t=0.4n rlo=200 rhi=200 =40 rz |
EZL_2 ¥sUp=3.0 vthi=2.0 wtlo=1.0 tr=0.4n
Bidir_2 ¥sUp=3.0 vthi=2.0 wtlo=1.0 wlo=0tr=0.4n tf=0.4n rlo=200
EZR

[ A

Help ,_
L

5. Inthe Description field, click to place the edit cursor and change the description to

This is the description for My ConnRules 25V full fast

Description This is the description for My ConnFules 25¥ full fast
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6. Inthe Connect Module Declarations table, highlight the top three lines containing
information for modules E2L_2, L2E 2, and Bidir_2.

The parameters for these modules appear in the Parameters group box.

-

ams3: Customize Built-in Rules |4 |Ji)\§|

Description

Zonnect bodule Declarations

"This is the description for My ConmRules 25V_full fast

wihi

' [ i 04n tf=0.4n rlo=200 |
voelta="Ysupsad viol="Ydeltasd ttol=Tr/20
wsup=3.0 vdelta="vsup/B4 tr="TrZ0 t:="Tr/20 rout=2

LA ata e dE A atal

hAoe

Farameters

e BamREEE mudule...j_ 4 Wiew defines..
L

Farameter

Paratieter

Directioni

Directionz | | Disciplines

Connect Resolutions.. |

I | Disciplined

— et

m Cancel L &pply- L Disciplines... )L Help ;_
Il

7. Change these values as follows:

Parameter
vsup
vthi

vtlo
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a. Select the parameter you want to change.
Note: For vthi and vtlo, use the scroll bar to scroll down to the bottom of the list.
Its name appears in the Parameter field. lts value appears in the Value field.
b. In the Value field, click and drag the mouse to highlight the value for editing.
c. Type the new value.
d. Click Change.
8. Click OK.

An Information prompt appears.

— ams2: Information B

To add this customized rule to the list of rules
uzsed for simulation, click on &dd button on the
Cormect Fules form

Do not show this dialog again

9. Click OK on the Information prompt.
10. On the Select Connect Rules form, click Add.

List of Connect Rules Used in Simulation

Type |Hu|e [4ame |Detai|s
Buil-in ConnRules_18%_full_fast Lib:connectlib Wiew:connect

Modified built-in appears in the Type column.

11. Select the Modified built-in rule and click Rename.
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12. On the Rename Connect Rules form, edit the name of the rule to be
My ConnRules_25V_full_ fast.

— ams2: Rename Connect Rules |2

apecify a new name for the selected connect rules

’I\I?_D onnFules 25W full fast|

m Cancel Apply Help [

13. Click OK.

The modified name appears in the Rules Name (Cell) column in the List of Connect
Rules Used in Simulation.

14. On the Select Connect Rules form, click OK.

The connect rules you specify on the Select Connect Rules form apply to the whole design.

Note: You might want to have several connect rules in the same design. You can set
disciplines on a net, cell, instance, or library, and you can specify several connect rules
accordingly.

Selecting Outputs for Plotting

To select the outputs you want to plot, do the following:

1. In the Virtuoso® Analog Design Environment window, choose Outputs — To Be Plotted
— Select on Schematic.

The schematic window appears in the foreground.
2. On the top-level schematic, select CLK_REF and CLK_160MHZ.
3. Choose Edit — Hierarchy — Descend Edit and select instance /3.
4. On the Descend form, click OK.

The PLL_160MHZ schematic appears.
5. Select vCNTL and VCO_CLK.
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" You can zoom in to see the net labels by typing 1 (shortcut) two or three times.

6. Press Esc.

The signals you selected appear in the Outputs table in the ADE window.

Outputs

Mame/Signal/E<pr | Walue| Plot |

1 CLK_REF

5 CLK_1G0MHZ
3 13/ CNTL

4 13V CO_CLK

Plaot after simulation: |Auto n

Rl S

Flotting mode: |Replace H

Save |

Save Options |

no
no
no
no
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Specifying the OSS-Based Netlister and irun

To specify the OSS-based netlister and irun for simulation, do the following:

1. Inthe Virtuoso® Analog Design Environment window, choose Simulation — Netlist and
Run Options.

The Netlist and Run Options form appears.
2. Inthe NETLIST AND RUN MODE section, select OSS-based netlister with irun.
3. Inthe RUN OPTIONS section, turn on Clean existing snapshot and pak files.

T T
4| Yirtuoso (R} Visualization & &nalysis HL graphwindow | Gl |_||_R§|

Eile Edit ¥iew Graph Axis Trace Marker Megasurements Tools Window  Browser cadence

||| 3 n » ||| L » |||Wnrkspace: |Classic n » |||Lay0ut:_‘.ﬁ.ut0 n” ||| b ||| ﬁ

1 amsPLL PLL_1B0MHZ_sim confiy [

Transient Fespohse Fri Aug 27 11:31:30 2010
Mame Wis
Il . K_REF

Wreal (V)

Wreal (V)

LMCNTL e

o
=
o
[P}
=
=

4.0

time (us)

IR | no errar |y

Note: For information about the other run options available on this form, see "Specifying
Run Options" in the Virtuoso AMS Designer Environment User Guide.
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4. Click OK.

The default simulation mode is Batch, which means that the waveform viewer appears after
the simulation finishes. If you select Interactive instead, the SimVision environment appears
and you control the simulation interactively. You can use Tcl commands for debugging.
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Creating and Displaying the Netlist

To create and display the netlist, do the following:
1. In the Analog Design Environment window, choose Simulation — Netlist — Create.

Running Netlist appears in the lower right corner of the ADE window during netlisting.
Success messages appear in the CIW. Check marks appear in the Save check boxes
for all outputs in the Outputs table in the ADE window.

Outputs

_ Mame/Signal/Expr | Yalue| Plot| Save| Save Options |
1 CLK_REF ¥ v yes
5 CLK_160MHZ ¥ w yes
5 13/ CMTL ¥ ¥ |ves
4 13/¥CO_CLK ¥ & yes

Flot after simulation: | AUt n Flotting mode: |Replace H

fREF appears in the Design Variables table in the ADE window.

Design Wariables

o Mame | Walug |
1 fREF

Note: You can also find the design variables in your design by choosing Variables —
Copy from Cellview.

2. In the ADE window, choose Simulation — Netlist — Display.
The netlist appears in a viewing window.

The OSS netlister concatenates the various netlist and control files (such as
netlist.vams, cds_globals.vams, amsControl.scs, and amsControl.tcl)
for viewing purposes only.

You can scroll through the file to see that the £REF variable does not show a value yet:
module cds _globals;

// Design Variables
dynamicparam real fREF = "** unset **";

Note: You can view, and even edit, the actual netlist file in

runDirectory/simulation/PLL_160MHZ_sim/ams/config/netlist/netlist.vams
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If you edit this file, you must run your AMS Designer simulation using the
runSimulation script so that the Virtuoso® environment does not overwrite the
netlist.vams file, thus overwriting your changes.

3. In the netlist viewing window, choose File — Close Window.

4. Inthe Design Variables table in the ADE window, click in the Value field and type 25M.

Design Wariahles
5 Hame Value |
L 25M ]

Now, if you re-netlist, you will see this value for fREF.

5. In the Analog Design Environment window, choose Simulation — Netlist — Create.
6. Choose Simulation — Netlist — Display.

The netlist appears in a viewing window. The £REF variable shows the value you typed:
module cds globals;

// Design Variables
dynamicparam real fREF = 25M;

7. In the netlist viewing window, choose File — Close Window.

Saving the State

To save the state, do the following:
1. In the Virtuoso® Analog Design Environment window, choose Session — Save State.

2. Inthe State Save Directory field, type or browse to . /artist_states.
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3. Inthe Save As field, type state_ams.

— Saving State - Virtuoso® dnalog Design Envirenment (1) | - |J fé|

Save State Option & Directory o Cellview

Directory Options

State Save Directory .fartist_states Browse...
- |
Save As state_ams
Existing States state snswer

Note: You can ignore the state_answer state which we provided with this tutorial for
your reference and convenience only.

4. Click OK.

Running the AMS Simulator with the Spectre Solver

The currentléconfigured simulator (ams) and solver (Spectre) appears in the status bar of
the Virtuoso™ Analog Design Environment window (see “Selecting the AMS Designer
Simulator with the Spectre Solver” on page 41). The simulation mode is batch.

7(13) | SimulatorDirectory/Host Status: ..successful. | T=27 C ISimuIatnr: ams(Speu:trelAnde: hatch J-

To run the AMS Designer simulator with the Spectre solver in batch mode, do the following:

1. (Optional) To view netlister and run mode options, choose Simulation — Netlist and
Run Options.

Product Version 6.1.6

March 2014 55
All Rights Reserved.

© 1999-2014



Virtuoso AMS Designer Environment Tutorials
Building an AMS Test Case in ADE

The Netlist and Run Options form appears.

— ams3: Netlist and Run Options | 4

METLIST AMD RUM MODE

& 0O55-hased netlister with irun

o Cellview-hased netlister with ncwlog, ncelab, ncsim

RUM OPTIOMS
» Compile incremental — all
¥ Elahorate incremental  _ All
» Simulate

» Clean existing snapshot and pak files

SIULATION MODE

Simulate & Batch (normal) o Interactive (debugger)

\ Cancel J|_Defaults J|_Apply J(_Help )
|

a. Notice that the simulation mode is Batch.

b. Click OK or Cancel when finished.

/ Important

Because this next step can take a very long time (about two hours), you might
consider either shortening the run time or skipping the simulation altogether.

2. Click the run button.

>

Job status appears on the status bar in the ADE window.

Il Status: Running...
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Estimated run time appears in the lower right corner.

Running tran (Est. time left: 15Min:245ec) -l 29% |

The simulation takes about two hours using the Spectre solver.

4(?* Tip

You can experiment by using Spectre Turbo instead. See the Virtuoso Spectre
Circuit Simulator User Guide for information about Spectre Turbo. You can turn
on and set up Spectre Turbo by choosing Setup — Turbo in ADE.

When the simulation finishes, the selected outputs appear in a waveform window.

3. In the waveform window, choose Axis — Strips.

T T
4| Yirtuoso (R} Visualization & &nalysis HL graphwindow | Gl |_||_R§|

Eile Edit ¥iew Graph Axis Trace Marker Megasurements Tools Window  Browser cadence

|| 3 n » ||| L » |||Wnrkspace: |Classic n » |||Lay0ut:_‘.ﬁ.ut0 n” ||| b ||| ﬁ

1 amsPLL PLL_1B0MHZ_sim confiy [

Transient Fespohse Fri Aug 27 11:31:30 2010
Mame Wis
Il . K_REF

LMCNTL e

4.0

time (us)

[laria | na errar | I
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You can see that the VCO control voltage signal reaches the stable value at about 7 us
and the whole PLL system obtains the lock state.

4. When you are finished viewing waveforms, choose File — Close.
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Running AMS-Spectre in Interactive Mode

To run the AMS Designer simulator with the Spectre solver in interactive mode, do the
following:

1. Inthe Virtuoso® Analog Design Environment window, choose Simulation — Netlist and
Run Options.

The Netlist and Run Options form appears.

2. Inthe SIMULATION MODE section, select Interactive.

_|i ams3: Metlist and Fun Options | l |Ji)\§|

METLIST amMD RUM MMODE

' D55-based netlister with irun

& Cellview-hased netlister with ncvlog, ncelab, ncsim

RUMN OPTIOMNS
» Compile incremental _ Al
» Elaborate incremental . All
» Simulate

SIMULATION MODE

Simulate s Batch (normal)fl ® Interactive (debugger)

S4WE AND RESTART OFTIONS

__ Restart fram:

Snapshot prefi<

Save time(s)

Save incr Start time Stop time

i m Cancel Diefaults Spply Help
Il

3. Click OK.
4. Click the run button.

>
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The SimVision Console, Waveform, and Design Browser windows appear.

_|| Waveform 1 — Sim¥ision | £ |J|)\§|

File Edit Miew Explore Format  Simulation  Windows  Help cadence

e
W PR g

» |

| &g
| = |
| Search Mames: | Signal «| | L W

I ot

_:EII Timed | = [0 | 4 = | EA0+o0|| Time: 58 il

G &Y Bazeline*=0
! i EF| Cursor-Bagelinew =0

Mame - 0 s [400ps |600ps |§00ps [1000ps|1200ps|1400ps|1600ps

~ifp CLK_REF

b CLE_160MHZ

TN AT I

[0 objects selected
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_|| Design Browssr 2 — Sim¥ision | £ |_|i,$|
File Edit View Select Explore Simulation  Windows Help cadence
|Pasl|lealxnhxs|@id " RERZEA=EE

J Search Times: 2%

Al Available Data l
=25 simulator

Leaf Filter: |* H a A
: —b show contents: | In the signal list area v| :'. - i L=
| ' & [ &5 [@ [& [0 iz e[
_|@‘ “ 0% ‘D ohjects selected []
I
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5. In any of the SimVision windows, press the play button to start the simulation.

The waveforms update progressively until the simulation completes. You can observe
them in detail by zooming in on the X and Y axes:

a. In the SimVision Waveform window, choose View — Zoom — Full X.

b. Choose View — Zoom — Full Y.

+ -

» || Time: §5 [0 7,399,993 933p »[ () T B

o Ly
100% 0 ohjects selected |

6. When the simulation finishes and you are finished viewing waveforms, choose
File — Exit SimVision (in any SimVision window).
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Running the AMS Simulator with the UltraSim Solver

To run the AMS Designer simulator with the UltraSim solver in interactive mode, do the
following:

Change solvers by doing the following:
1. In the Virtuoso® Analog Design Environment window, choose Simulation — Solver.
The Choose Solver form appears.

2. Select UltraSim.

= ams5: Choose Salver | = |_||_R§|

analog solver to be used:

— opectre & Ultrasim  APS

_m Cancel Diefaults Spply Help [l
Il

3. Click OK.

ams(UltraSim) appears on the status bar of the ADE window to indicate that the next
time you start a simulation, the AMS Designer simulator will use the UltraSim solver. The
simulation mode is still interactive from the previous run.

11243 | Model Libr | Status: Ready | T=27 C ISimuIatDr: amstItraSim]dee: interactive | State: state1 [

March 2014 63 Product Version 6.1.6
© 1999-2014 All Rights Reserved.



Virtuoso AMS Designer Environment Tutorials
Building an AMS Test Case in ADE

Change the speed option for the UltraSim solver by doing the following:
1. In the ADE window, choose Simulation — Options — FastSPICE(UltraSim).
The FastSPICE (UltraSim) Options tabbed window appears.
2. Inthe Speed Option field (on the Main tab), select Accuracy (3).

— FastSPICE (UltraSim} Options BRI
P Main 1| Algarithm Component FostLayout Cutput |4 »

High Level Options

Simulation Mode \Mixed Signal (M3) B E
Speed Option |Accuracy () B

Analog Optian \Default (1) n

Post-layout Method \Mo RCR (1) B

Temperature Options

Temperature [(Z) a7
Tnom () 27
Skip Subckis SE|ent

= s/

\_ Cancel JI Defaults || Apply JI Help ,._

3. Click OK.
4. Click the run button.

>

The SimVision Console, Waveform, and Design Browser windows appear.
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5. In any of the SimVision windows, press the play button to start the simulation.

The waveforms update progressively until the simulation completes. You can observe
them in detail by zooming in on the X and Y axes:

a. In the SimVision Waveform window, choose View — Zoom — Full X.
b. Choose View — Zoom — Full Y.

The simulation using the UltraSim solver takes about ten minutes. Compare this
simulation time to the simulation time of about two hours using the Spectre solver.

The AMS Designer simuator with the UltraSim solver achieves almost a 15x speed-up
over AMS Designer with the Spectre solver. Generally, AMS Designer with the UltraSim
solver performs better for complex analog/mixed-signal circuits.

6. When you are finished viewing waveforms, choose File — Exit SimVision.
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Running AMS-UltraSim in Batch Mode

To run the AMS Designer simulator with the UltraSim solver in batch mode, do the following:

1. Inthe Virtuoso® Analog Design Environment window, choose Simulation — Netlist and
Run Options.

The Netlist and Run Options form appears.

2. Inthe SIMULATION MODE section, select Batch.

_|i ams5: Metlist and Run Options | = |_||_R§|

METLIST &MD RUM MODE

s DE5-based netlister with irun

& Cellview-hased netlister with ncylog, ncelab, ncsim

RUMN OPTICMS
» Compile incremental _ Al
& Elaborate incremental &l
» Simulate

SIMULATION MODE

Simulate & Baich (hormal) o Interactive (debugger

SAVE &MND RESTART OPTIONS

_ Restart from:

Snapshot prefix |

Save time(s)

Save incr Start time Stop time

i m Cancel Defaults Spply Help
I

3. Click OK.
4. Click the run button.

>

Job status appears on the status bar in the ADE window.

Il Status: Running...
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Estimated run time appears in the lower right corner.

Running tran (Est. time left: 15Min:245ec) 'l 29% |

The simulation takes about two hours using the Spectre solver.
When the simulation finishes, the selected outputs appear in a waveform window.

5. In the waveform window, choose Axis — Strips.

T ]
_|| Wirtuaso (R} Visualization & Analysis HL graphwindow | L |_||,$|

File Edit Yiew Graph A&xis Trace Marker Measurements Tools Window  Browser CédEl’ICE

Il % Mo | @ » |workspace:|Classic B» lLayaut! Auto n 2 |& = | E

'l amsPLL PLL_180MHZ_sim config £

Transzient Response FriAug 27 11:31:30 2010

Mame Wi
I . K_REF #»

LOMHE e

-~
it}
o

o

L E
e~
-

4.0

time (us)
BEE |
18)] no error | —

You can see that the VCO control voltage signal reaches the stable value at about 7 us
and the whole PLL system obtains the lock state.

6. When you are finished viewing waveforms, choose File — Close.
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Migrating to AMS Designer

Before the AMS Designer simulator, the major mixed-signal solutions on the market were
SpectreVerilog and UltraSimVerilog. The AMS Designer simulator provides faster simulation
speed, increased capacity, and enhanced features for handling more complicated mixed-
signal designs with new technologies. More and more chip designers use AMS Designer for
mixed-signal simulation and verification.

This migration example shows you how you would simulate a PLL design using
UltraSimVerilog, SpectreVerilog, and, finally, AMS Designer using the same config view.
You will learn about the OSS netlister, the ncverilog flow, using -v and -y command-line
options, compiled Verilog-A, fastcross, and other AMS Designer features.

For details about this tutorial example, see “The Migration Example” on page 90.

/ Important

Before starting this tutorial, see “Before You Begin” on page 13.

To begin, do the following in the MigrateFromVerimixToAMSDinADE directory:

1. Source the setup file:

source SETUP

The SETUP file sets the TUT_DIR environment variable to your current directory:

setenv TUT DIR "pwd’

2. Start Cadence software:

virtuoso &

See the following topics for further information:

m Simulating with UltraSimVerilog on page 70
m Simulating with SpectreVerilog on page 93
m Using the AMS Designer Simulator on page 99
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Simulating with UltraSimVerilog

This part of the tutorial consists of the following actions related to simulating the migration
example with UltraSimVerilog:

Opening the Configuration View for the PLL Testbench on page 71

Descending into the PLL Schematic on page 73
Starting the Analog Design Environment (ADE) on page 74
Changing the Simulator to UltraSimVerilog on page 76

Loading the State File for UltraSimVerilog on page 78
Verifying Model Libraries on page 80

Viewing UltraSim Simulator Options on page 81

Enabling Mixed-Signal Options on page 84
Netlisting, Simulating, and Viewing Results on page 85
Viewing Interface Elements on the Schematic on page 88
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Opening the Configuration View for the PLL Testbench

To open the config view for the PLL testbench, do the following:

1. In the command interpreter window (CIW), choose Tools — Library Manager.

The Library Manager window appears.

2. Select the following:

Library View
amsPLL pll_160MHz_sim config
T T
4| Library Manager: Directory . ..stcases/shweta/myahs/ aMSDInaDE | ] |_||_)$|
File Edit Miew Design Manager Help cadence
_ Show Categories _ Show Files
Library Cell View
amsPLL PLL_160MHZ_sim config
aExamples FLL_160KHZ View Lock | Size
FLL_TGOMHZ_LF "':'
analoglib FLL_TGORHZ_MDIY = schematic 31k
hasic FLL_160MHZ_MOIY _anzwer
cdsDefTechLib FLL_160KHZ_PDIY
connectlil FLL_160MHZ_FDIW_answer
gpdk03o FLL_1EOMHZ_answer
sample PLL_1B0OMHZ_sim
FLL_ARST
FLL_ARST_DIG
FLL_CF ha
Messages
Log file is "met/cicsol20d/e<port/homesselvats/cictestcasessshweataimy AMES/AMED_
J
_ —
1 1 é

3. Choose File — Open.

The Open Configuration or Top Cellview form appears.
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4. In the Open for editing group box, select yes for Configuration
(yes is already marked for Top Cell View).

— Open Configuration or Top CellView | 4 |J A&

Open for editing
Configuration "amsPLL pll_160rMHz_sim config" & yes ono

Top Cell Wiew "amsPLL pll_160rHz_sim schematic” & yes ono

Zancel Hellp

5. Click OK.
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The testbench schematic appears in a Virtuoso® Schematic Editing window and the

Cadence hierarchy editor window appears.

EREEY

—'| Cadence® Hierarchy Editor: tamsPLL pll_180MHz_sim config)

File Edit Miews Pluging Help CEdE‘I’I ce
| a2 ™ (R % E:N |

Top Cell 7/&1X| | Global Bindings 7.8 %]

Library: |amsPLL B Library List: amsPLL

Cell: [ pl_160MHz_sim - Bt LETL
View:  [schematic B Stop List: spectre verilog module
Constraint List:
e
™ Tahle View | Tree Wiew
Cell Bindings
Library | Cell | Yigw Found | Wiew To Use | nherited Wiew Lis |r_‘|

amsPLL PLL_160MHZ schematic schematic fdefault
amsPLL PLL_160MHZ_LF schematic fdefault
amsPLL FLL_160MHZ_MADIY  schematic Fdefault
amsPLL FLL_1B60MHZ_FDIY  schematic fdefault
amsPLL FLL_ARST schematic fdefault
amsPLL FLL_ARST_DIG verilog fdefault
amsPLL FLL_CP schematic Fdefault
amsPLL PLL_IMNWIDX schematic Fdefault
amsPLL PLL_IMYW S schematic foefault
amsPLL PLL_MDWR schematic foefault
amsPLL FLL_PDwR schematic foefault
amsPLL FLL_PFD schematic fdefault
amsPLL PLL_WCO_320MHZ  schematic Fdefault

armcPl | FPLL W R20hAd erbhamatie Erlafanlt L

Descending into the PLL Schematic

To descend into the PLL schematic, do the following:

1. In the Schematic Editing window, select /3 and press e.
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The Descend form appears. schematic appears in the View field.

I I
—l| Descend | _||_||_:\§|
L= |schematic n
Open for — edit & read o auto
Cipen in — hexytab & currenttab o new window
| m Cancel Hellp

2. Click OK.

The contents of the /3 instance appear in the Virtuoso® Schematic Reading window.

Starting the Analog Design Environment (ADE)

To start the Virtuoso® Analog Design Environment, do the following:

» In the Schematic Reading window, choose Launch — ADE L.
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The Virtuoso® Analog Design Environment session window appears.

Simulator: spectre appears on the status bar (just under the menu bar).

T
=

Wirtuaso® Analog Design Environment (1) — amsPLL PLL_160MHZ_sim canfig

[ B

Launch Session Setup  Analyses Yariables Outputs  Simulation  Besults Toaols Help CEdEI’ICE
Id 7 Sl r B di
Anal TIFX]| =
Design Yariables b S
Type | Enable| Arguiments e
Marme | Walug | @
=
#
Outputs 78|

MarmesSignal/Expr | ¥alue | Plot| Save|

Zave Optians |

= Plot after simulation: |[Auto B Plotting mode: [Replace B

nmause L

|
hd: R:

a8 | stimuli ..
I

| Status: Ready | T=27 C | Simulator. spectre || 27

The top-level schematic reappears in the schematic editing window.
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Changing the Simulator to UltraSimVerilog

To change the simulator to UltraSimVerilog, do the following:

1. In the Virtuoso® Analog Design Environment session window,
choose Setup — Simulator/Directory/Host.

The Choosing Simulator/Directory/Host form appears.

2. In the Simulator drop-down combo box, select UltraSimVerilog.

— | Chaosing Simulater/Directory fHost - Virtuose® Analeg Design Erwirt:| = |J o

S Uttrasimverilag [ig
hspiceD
Project Directory spectre
Host Mode Hitrasin - o distributed
Host ams i
spectreverilog
Femaote DirECtDral' |_”trE|.E;irrll".".Er”I:lg

Digital Host Mode & local o remote

Digital Host

hCann:e_I; Defaults) L.ﬁ.pply_“_HellpJ

The Digital Host Mode and Digital Host selections appear at the bottom of the form.

— | Choosing Sirmulator/Directory /Host - Wirtuoso® dnaleg Design Erwirc| g |J 2

Simulator Uitrasimt erilog B

Froject Directory ./ simulation
Host kMode & |ocal o remote o distributed
Host

Remote Directory

Digital Host Mode & local o remote

Digital Host
I mEance_lf@efault_s}L.ﬂ.ppIyJLHelpJ_
3. Click OK.
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Simulator: UltraSimVerilog appears on the status bar in the Virtuoso® Analog Design
Environment session window.

| Cmd: Sel: 0 Status: Ready | T=27 © | Simulator: UltraSim'erilog
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Loading the State File for UltraSimVerilog

To load the state file for UltraSimVerilog, do the following:

1. In the Virtuoso® Analog Design Environment window, choose Session — Load State.

The Loading State form appears.

— Loading State -- Virtuoeso® fnaleg Design Envirenment (1) | 4 |J i

Load State Option & Directory o Cellview

Directory Options

State Load Directory .fartist_states Browise.
Library amsFLL n
Cell pl_180MHz_sim i
Simulator UitraSim erilog n
State Mame

Delete State

Cellviews Options

Library i =]
Cell i
| = Simulator
State | B N Browse.., y [Delete State J

2. In the State Name box, select state_uv.

3. Click OK.
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The state settings appear in the Virtuoso® Analog Design Environment session window,
such as tran ... 10u in the Analyses area and nodes to plot in the Outputs area.

I T
_|| WirtuosoB Analog Design Environment (1) — amsPLL pll_160MHz_sim config | 4 |J|)\§|
Launch Session Setup  Analyses Yariables Outputs  Simulation  Besults »CEdE‘I’I ce

jd =7 |#Sslkrtd>
Al
Design Yariables Shalyses dac
Type | Enable| Arguments b
. Mame | Walue | ][ qapn v 0 10u
1 REF | 25M = = M
®
Outputs (7% a
_ MNamefSignaliExpr | Walug| Plot| Save| Save Options |
1 CLK_REF ¥ | w  |ves @ g
2 CLE_160MHZ o | w |ves Ny
3 [3WCNTL ¥ | w |ves I_
4 [3/metn36 o | w |ves
i Plat after simulation: |Auto B Flotting maode: |Replace H |
nmouse L: I: - H
36y | Load | status: Ready | T=27 ¢ | Simulator: UltraSimverilog | State: state_uv J%
I
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Verifying Model Libraries

To verify model libraries, do the following:

1. Inthe Virtuoso® Analog Design Environment window, choose Setup — Model Libraries.

The STUT_DIR/models/spectre/gpdk090.scs model library appears on the Model

Library Setup form. NN appears in the Section column.

—'| UltraSim¥erilogl: Model Library Setup | - |_||f$|
: Madel File | Section |
B Global Model Files
..... M £
—
@
=
b4
—
I \LCanceLL.ﬂ«pply_/kHelpJ

2. When you are finished viewing the model library setup, click Cancel to close the form.
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Viewing UltraSim Simulator Options

To view UltraSim simulator options, do the following:

1. In the Virtuoso® Analog Design Environment window, choose Simulation — Options —
Analog.

The Simulator Options form appears. For information about the UltraSim simulation
options that appear on this form, see the Virtuoso UltraSim Simulator User Guide.

— Simulator Options | J|J A
" Main &lgorithm Component FostLayout Cutput (40 F —
High Level Options
Simulation Mode \Mixed Signal (M) n =
Speed Option |AECUracy (3 B
Analog Option |Analog Partitioning () n
Fost-layout Method \Mo RCR (0] n

Temperature Options

Temperature () 27
Tnom [iZ) 27
Skip Subckis fesd melect

Subckt Instances

Subckt Mames

kCanu:eIJ..\DefaultsA Apply | Help J._

2. When you are finished viewing the analog simulation options, click Cancel to close the
form.
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3. In the Virtuoso® Analog Design Environment window, choose Simulation — Options —

Digital.

The Verilog-XL Simulation Options form appears.

Verilog-L Simulation Options | 4 |J A

acceleration

Gate

Switches

Behaviaral

Twin Turbo
Delays

hAode:

Type:
Fulze Control

Error 3%

Command File
Options File
Other Cptions

Library Files

Idze Behavior Profiler

Suppress Messages

Library Directories

Simulation Log File

L]

s Mone & Default o Mo Turbo o Turbol o Turhog o Turbod

& Default o Zero o Path o Unit o Distributed

o Minimum & Typical o haximum

100)

Stop Afler Compilation

Yerilog-xL Executable

Continuous Assignments

Keep Modes & Minimum o Declared o all

Feject % 100 Use Pulse Control Parameters

e Simifision Debugger

e Suppress Warnings

+incdir+hdlFilesDir +sdf wverbose +sdf nocheck celltype

source_file/dffr Zx hv.v source_filefinwv 1x b v

verilog. vmx

verilog. log

\_Cann:e_l/ \_Default_s_lx.ﬂxpply__!MHel!ﬂJ

Note: The string source_file/dffr_2x_hv.v soure_file/inv_1x_hv.v
appears in the Library Files field. If you open the file amsPLL/dffnr_2x_hv/
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module/verilog.v, you will see calls to the modules contained in these files:

//Verilog HDL for "amsPLL", "dffnr 2x hv" "module"
“timescale 1ps/lps

module dffnr 2x hv ( Q, QON, D, CKN, RN );
output OQON;
input RN;
input D;
input CKN;
output Q;

dffr 2x hv I1 ( Q, ON, D, netl8, RN);

inv 1x hv I2 ( netl8, CKN);
endmodule

You must use the -v option to include these module files in the design. The same is true
for the AMS ncverilog flow.

4. When you are finished viewing Verilog-XL simulation options, click Cancel to close the
form.

5. In the Virtuoso® Analog Design Environment window, choose Simulation — Options —
Mixed Signal.

The Mixed Signal Options form appears.

— Mixed Signal Options | 2]
Canvergence

D Interval g

kax OC [terations 5

Digital Delays

i

- lgnore
s Estimate { Pre-Layout )
s Use Existing ( Layout)

JLoancel )| Defaults)| Apply J| Help [

The DC Interval and Max DC lIterations settings are both 5.

6. When you are finished viewing mixed-signal options, click Cancel to close the form.

March 2014 83 Product Version 6.1.6
© 1999-2014 All Rights Reserved.



Virtuoso AMS Designer Environment Tutorials
Migrating to AMS Designer

Enabling Mixed-Signal Options

To enable mixed-signal options, do the following:
1. In the schematic window, choose Launch — Mixed Signal Options — Verimix.

The Verimix menu appears on the menu banner.

Help

Paritioning Cptions...
Display Partition 4

Interface Elements  »

2. Choose Verimix — Partitioning Options.

The Partitioning Options form appears.

_|| Partitioning Options | - |J|)\§|

Analog Stop Wiew Set spice weriloga ahdl aulws spectre

Digital Stop View et werilog behavioral fimctional hdl system verilogNetlist msps

I m Cancel Defaults Spply Help
I

3. Inthe Digital Stop View Set field, type module between verilog and behavioral.

_|| Partitioning Options | 4 |_|i,—$|

Analog Stop Views Set spice veriloga ahdl anlwvs spectre

Digital Stop Yiew Set werilog module behavioral fimctional hdl system verilogMNetlist n

i m Cancel Defaults Apply Help
L

4. Click OK.
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Netlisting, Simulating, and Viewing Results

To netlist and simulate using UltraSimVerilog, do the following:

1. Inthe Virtuoso® Analog Design Environment window, choose Simulation — Netlist and
Run.

Status appears in the upper left corner of the window. Simulation output information
appears inthe ultrasim.out and verilog. log files. Each of these files appears in
its own window during simulation. The simulation time appears at the end of the
ultrasim.out file:

*** End-time: Tue Aug 21 14:24:21 2007
*** CPU time usage: 0:06:26 (386.290 sec), real time usage: 0:06:59 (419.940 sec)
*** Max. Memory Usage: 42.7857 MB.

Note: This simulation ran for 8 minutes 58 seconds on our Solaris machine witha 1.6 G
CPU.

You can close each window by choosing File — Close Window.
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When the simulation finishes, a graph window appears.

FI3FBCLE Y

FIZFEMHzZ_CLE m

— /13/net036 — JI3fvCNTL — JCLE_160MHZ — /CLK_REF

3.0

2.5

2.0

0 2.5 5.0 7.5 10.0
[ &.a053us| STl time {us)
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2. In the graph window, choose Axis — Strips.

Your window looks like this:

Transient Respanse l

fI3SFBCLE

3.0 TT37AETIIE L

=
=

C

Sod)

1.75 TTIFTCHTLL

=10
0.0
I 2.5 5.0 7.5 10.0
| 556.75ns | <1l time (us)

The vCNTL signal (third graph up from the bottom) oscillates at first and then gradually
becomes a flat line.

3. When you are finished viewing results, choose File — Close to close the graph window.
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Viewing Interface Elements on the Schematic

To view interface elements (IE) on the schematic, do the following:
1. In the schematic window, descend into /3:
a. Select I3.
b. Type e.
c. Click OK.

2. Choose Verimix — Display Partition — Interactive.

The Partition Display form appears. Different colors represent different natures of blocks

in the design, such as analog, digital, and mixed.

— Partition Display: amsPLL pll_180MHz_sim schematic | ] |J 2
Matme Frobe Layer |.| | |
Show View Found ¥l dg
& ahalog - ¥ |l
- B S how Wiaw List W |ag]
» digital L|.|Y4 |d|_:|'| e
¥ mixed |.|Yﬁ |dg‘| Display Level . Hierarchical Blocks & Both
" s Primitives s Mone
» unknown Emaﬂmr Wiy
. Display 10 i Instance Terminals & Mets
' Interface Terminals . Mone
. Cancel i Defaults)| Apply | Hellp J
3. Click OK.
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On the schematic, mixed-signal items appear in orange.

| |
—1|%irtuoso® Analog Design Environment L Reading: amsPLL PLL_180MHZ schematic Config: amsPLL pll_1 EDM| J |_||_)$|

Launch FEile Edit Miew Create Check Options Migrate Window Hierarchy-Editor  Merimix scadence

B X O T, 217 17 QK > s

@ - -~ L,_,J [[#arkspace: | ADE L n =y | iﬁ% 53!;% 1[% -ﬁ@ 'F% | B} c
I B0 Ok I8 B EI5-&-fo-

nmouse L: schiingleselectPt)) k: msplisplayPartitionForm R: schHiMouseFopUpl |
2@ | = | Cmd: Sel: 0 Status: Ready | T=27 C | Simulator: UltraSimVerilog | State: state_uv [J

In general, you will not see IEs.

4. You can choose Verimix — Interface Elements — Library and Verimix — Interface
Elements — Default Options to review the setup for IEs.

When you migrate to AMS Designer, you will notice that this setup is different.

5. Click Cancel when you are finished viewing this setup.
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The Migration Example

This migration example is a PLL design that has a 25 MHz input signal, a 160 MHz output
signal, 305 MOSFETSs, 97 resistors, 35 capacitors, and more than 30 behavioral modules.

Here is the testbench schematic for the migration example (a PLL design).

Figure 4-1 Testbench Schematic for PLL Design

~| Virtuose® Schernatic Editor LEditing: amsPLL pll_160MHz_sim schematic Config amsPLL pll_180MHz_sim config | 4 |J|,$|
Launch FEile Edit Y¥iew Create Check Options Migrate MWindow Hierarchy-Editor  Yerimix Help cadence
= @ O+ 0 mx QE 5 ¢ |QRIR ] & 1L 1 & B

mouse L: schiingleSelectPt() Id: schHikouseFopUp( R: mouseFoplpg
Il 1(4)| = Cmi: Sel: 0 Status: ..successful. | T=27 C | Simulator: UltraSim'erilog | State: state_uvl—
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Inside the /3 instance (PLL_160MHZ), the 123 instance (PLL_160MHZ_PDIV) outputs a
5 MHz reference signal for the loop. The /124 instance (PLL_160MHZ_MDI|V) outputs a
160 MHz signal and a 5 MHz feedback signal for the PLL_FPD instance (/11).

Figure 4-2 Inside the I3 Instance

~|Uirtuoso® Schematic Editor L Reading: amsPLL PLL_160MHZ schematic Configi amsPLL pll_160MHz_sim config - Virfuoso® P.nz| 4 |J|,$|

Launch File Edit ¥iew Create Check Options Migrate Window Hierarchy-Editor  ¥erimiz  Help (éden(e

I=R=8= X @ & IR Q& @ | -

sign Systemns,

nmaouse L: schiingleSelectPt]) d: schHikouseFopUp( R: mousePoplpg
Il 1(4)| > Cmd: Sel: 0 Status: ..successful. | T=27 C | Simulator: UltraSimerilog | State: state_uvl—
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When the two PD input signals to /3 (see Figure 4-1 on page 90) are out of sync, the PFD
(PLL_PFD) generates corrective pulses (UP, DN) to adjust the charge pump output voltage

(vCNTL) which controls the frequency of the VCO (PLL_VCO_320MHZ).

Figure 4-3 PFD Corrective Pulses, Charge Pump Output, VCO Input

~|Uirtuoso® Schematic Editor L Reading: amsPLL PLL_160MHZ schematic Configi amsPLL pll_160MHz_sim config - Virfuoso® P.nz| 4 |J|,$|

Launch File Edit ¥iew Create Check Options Migrate Window Hierarchy-Editor  ¥erimiz  Help (éden(e

¥ @ B

3

5MHZ_CLK

__|oume_ouWR

nmaouse L: schiingleSelectPt]) d: schHikouseFopUp( R: mousePoplpg
I 1(4)| = | Cmd: Sel: 0 Status: .successful | T=27 | Simulator: UltraSimverilog | State: state_uvl—

Whenever the PLL is locked, the FBCLK and 5MHZ_CLK signals are in phase and the VCO

control signal (vCNTL) is stable.
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Simulating with SpectreVerilog

This part of the tutorial consists of the following actions related to simulating the migration
example with SpectreVerilog:

m Changing the Simulator to SpectreVerilog on page 94

m Loading the State File for UltraSimVerilog on page 78
B Netlisting and Running on page 97
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Changing the Simulator to SpectreVerilog

To change the simulator to SpectreVerilog, do the following:

1. In the Virtuoso® Analog Design Environment session window,
choose Setup — Simulator/Directory/Host.

The Choosing Simulator/Directory/Host form appears.

T T
4|Chnnsing Simulator /Directory/Host —— Yirtuoso® Analog Design Environment | g |_)$|

Simulator Ultrasim® erilog B
Project Directory af wmyAMS /Ml grateFromVerinlxToAMSDInADE/ simalatio

Host kode & local o remote o distributed

Host

Remaote Directory

Digital Host Mode @ Jocal o remote

Digital Host

I m Cancel i Defaults 0 Apply J0 Help |
Il

2. In the Simulator drop-down combo box, select spectreVerilog.

—| Choosing Simulator/Directory/Host -- Virtuoso® Analeg Design Envirc| - |J|A§|

Simulator spectreiferilog n

Project Directory msdocs/ tutorials/IC612/Migrate 2 AMSD/siwulation|

Haost kode & local o remote o distributed

Digital Host Mode @ local o remote

Digital Host

I m Cancel Diefaults Spply Help

3. Click OK.
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Simulator: spectreVerilog appears on the status bar in the Virtuoso® Analog Design
Environment session window.

Cmd: Sel: 0 Status: Ready | T=27 C | Simulator: spectreyerilog

Loading the State File for SpectreVerilog

To load the state file for SpectreVerilog, do the following:

1. In the Virtuoso® Analog Design Environment window, choose Session — Load State.

The Loading State form appears.

— Loading State -- Virtuoeso® fnaleg Design Envirenment (2) | 4 |J i

Load State Option & Directory o Cellview

Directory Options

State Load Directory ./artist_states] Erowse. ..
Library amsFLL n
Cell pl_180MHz_sim i
Simulatar spectreverilog n
State Mame

| Delete State |

Cellviews Options

Library i |
Cell i
| 1| Simulator
State | g N Browse.., y & [Delete State J

2. In the State Name box, select state_sv.

3. Click OK.
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The state settings appear in the Virtuoso® Analog Design Environment session window,
such as tran ... 10u in the Analyses area and nodes to plot in the Outputs area.

] T
_|| WirtuosoB Analog Design Environment (13 — amsPLL pll_160MHz_sim config | £ |J|)\§|
Launch Session  Setup  Analyses Yariables Outputs  Simulation  Besults »CEdE‘I’I ce

14 7 | Sl d>
ZFX] =
Design Yariables Soalvses Aac
Type. | Enablg| Arguments bt
. Mame | Walue | L qapn v 0 10u
1 REF  25M = = m
®
Outputs 718 |
. MamefSignaliExpr | Walug| Plot| Save|  Saye Oplions |
1 CLK_REF ¥ | w |alv @ g
2 CLK_160MHZ "I EL N
3 13 CNTL v | w |alv I_
4 [3/metn36 "I EL
% Flat after simulation: |Auto B Flotting mode: |Replace H |
nmouse L: I: R
36y | chaose Ana | status: Ready | T=27 € | Simulator: spectreverilog | state: state_sv || IR |
I Sl
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Netlisting and Running

To netlist and run using SpectreVerilog, do the following:

> Inthe Virtuoso® Analog Design Environment window, choose Simulation — Netlist and
Run.
Status appears in the upper left corner of the window. Simulation output information
appears in the spectre.out and verilog. log files. Each of these files appears in its
own window during simulation. The simulation time appears at the end of the
spectre.out file:
Time used: CPU = 2.96 ks (49m 19.0s), elapsed = 3.08 ks (51lm 21.0s), util. = 96%.
Note: This simulation ran for 60 minutes on our Solaris machine with a 1.6 G CPU.
You can close each window by choosing File — Close Window.
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When the simulation finishes, a graph window appears.

Transient Response .

A3 FBCLE

FfEFEMHz _CLE m

— (I3 netd36 — I3 CNTL — /CLE_160MHZ — fCLE_REF

3.0

2.5

2.0
—~L15
=
1.0

5

_.5 [~~~ T T T T T T T T T T T T T T
0 2.5 5.0 = 100

[ 4z26laus| 2.512av titne (us)

When you are finished viewing results, choose File — Close to close the graph window.
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Using the AMS Designer Simulator

Virtuoso® AMS Designer has many advantages over the SpectreVerilog and UltraSimVerilog
mixed-signal solutions:

B Better performance (33% for this particular example)

m More powerful digital solver

m Powerful connect rules (CRs)

B Flexible discipline definitions

m Bidirectional CR support

m More language support (Verilog-AMS, VHDL-AMS, SystemVerilog, SystemC)

If you use the AMS Designer simulator in the Virtuoso Analog Design Environment (ADE),
there are two netlisters:

B The cell-based netlister, which is the original netlister for AMS, requires ams siminfo
(which contains information such as a parameter list and how to netlist each component)
when it generates the individual net1ist.vams netlist files in the library/cell/view
directory structure. For more information, see “Netlisting” in the Virtuoso AMS
Environment User Guide.

B The open simulation system (OSS) netlister is available in IC 5.1.41 USR4 and later. You
can use this netlister when you migrate from SpectreVerilog or UltraSimVerilog to AMS
Designer. The OSS netlister uses existing spectre views, as do UltraSim and
UltraSimVerilog. The OSS netlister generates a single netlist file (net1ist.vams) that
includes all the modules that need to be compiled. (The final netlist is also one file for
Spectre, UltraSim, SpectreVerilog, and UltraSimVerilog.) The OSS netlister works the
same way for the AMS Designer simulator as it does for the Spectre and UltraSim
simulators.

If you are using the OSS netlister, you can use the same config view to run AMS Designer.

This tutorial illustrates how to use the OSS netlister and irun so that you can benefit from
the many advantages of AMS Designer. See the following topics for more information:

m Changing the Simulator to AMS Designer on page 101

m Loading the State File for AMS Designer on page 102
B Selecting and Customizing Connect Rules for AMS Designer on page 104
m Setting Netlister and Run Modes on page 110
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Viewing Options on page 112

Netlisting and Running on page 117
Viewing Waveforms on page 119
Displaying Partitions on page 121
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Changing the Simulator to AMS Designer

To change the simulator to AMS Designer, do the following:

1. In the Virtuoso® Analog Design Environment session window,
choose Setup — Simulator/Directory/Host.

The Choosing Simulator/Directory/Host form appears.

2. Inthe Simulator drop-down combo box, select ams.

— [ Choosing Sirmulator/Directory fHost - Wirtuose® dnaleg Design Erwirc| ! |J B

Simulator |2ms

Project Directary rfwork/AMS fmigqrateToiMS/Migrate 2 AMSD/ siwmnalation

Host kMode & local o remote o distributed

Host

Remote Directory

. mLCanceLkDefaultgL.-‘-‘-.pplyJLHellpJ

3. Click OK.

Simulator: ams appears on the status bar in the Virtuoso® Analog Design Environment

session window. The name of the analog solver (Spectre or UltraSim) appears in
parentheses after ams.

Cmd: Sel: 0 Status: Ready | T=27 C | Simulator: ams(Spectreibdode: batch
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Loading the State File for AMS Designer

To load the state file for AMS Designer, do the following:
1. In the Virtuoso® Analog Design Environment window, choose Session — Load State.

The Loading State form appears.

— Loading State -- Virtuoeso® fnaleg Design Envirenment (1) | 4 |J i

Load State Option & Directory o Cellview

Directory Options

State Load Directory ./artist_states] Browse.
Library amsFLL n
Cell pl_180MHz_sim i
Simulatar ams
State Mame

| Delete State |

2. Inthe State Name area, select state_amsu.
This state uses the UltraSim solver.

3. Click OK.
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The state settings appear in the Virtuoso® Analog Design Environment session window,
such as tran ... 10u in the Analyses area and nodes to plot in the Outputs area.
Simulator: ams(UltraSim) appears onthe status bar in the ADE window.

| I
4| Wirtuoso® Analog Design Environment (1) — amsPLL pll_160MHz_sim config | Lt |_||}$|
Launch 3Session Setup  Analyses  Mariables Outputs  Simulation  Besults scadence

1d 7 1Sl 8 35
I
Design YVariahles Shalyses &
Type | Enahle| Arguments o
_ Mame | Walue | |} tran v 0 10u
1 REF  25M - = (54
b4
Outputs 78| a
. MamesSignal/Expr | Malug| Plot| Save| Save Options |
1 CLK_REF ¥ | o |yes T o
5 CLE_1B0MHZ ¥ ¥ yEs ISy
3 [3/VCNTL ¢ v |ves |_
4 13/netdae ¥ v yes
b Flot after simulation: |[Auto n Plotting mode: (Replace : E
nmause L: hd: R
[5(8) | Load State .. | Status: Ready | T=27 ¢ | Simulator: ams(UitraSimiMade: batch | State: state_: |
L 1
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Selecting and Customizing Connect Rules for AMS Designer

To specify and customize connect rules for the AMS Designer simulator, do the following:
1. In the Virtuoso® Analog Design Environment window, choose Setup — Connect Rules.

The Select Connect Rules form appears.

I I
g ams3: Select Connect Fules | a |_||}$|
List of Connect Rules Used in Simulation
Type Rule Mame Details
- : Il 1
Enahle A Disahle i [elete J i RErate: J & L05'e] | V1S J i (0] J K i J \Customme...}
Built-in and Customized rules
Rules Mame |connecilib.ConnBules_1&Y_full_fast B [ =T
| SRS
Description . | This is the description for ConnRules_18v_full fast [ Customizes
Nl
Add |
| SRR
Uzer-defined rules for irun
Rules Mames i o i
Connect Rules/Modules Files Browse. ..
| Al
| m Cancel Jl.Apply Help
L L
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2. Inthe Rules Name drop-down combo box, select connectLib.ConnRules_3V_basic.

| |
i ams3: Select Conrect Fules | a |_||_)$|
List of Connect Rules Used in Simulation
Type Rule Mame Details
- : il -}
\_Enable J g Dizahle. | ! [He]ete i i F-:ename...j - (0 LS J i (5]} J L Ry \Custnmlze....
Built-in and Customized rules
Rules Mame |connectlib ConnRules_3%_basic n Lo M
connectlibh.ConnRules_1aY_full_fast Tt T L
Description . connectlib.CannRules_3V_full_fast 5_3V_basic Customize... |
connectLib. ConnRules_SY_full_fast B
connectlib.CannRules_18Y_full [ Add ]
connectlib.ConnRulas_3%_full e
connectlibh.ConnRules_3%_full
User-defined ryl Connectlib.ConnRules_inhconn_full_fast
connectlin.ConnRules_inhconn_full |
fules Mames Connectlib.ConnRules_ss_full
connectlib.CannRules_inhconn_mid
connectlib.CannRules_ss_mid
1 b -1l ) Browse. .
Casnecliflie connectlih.ConnRules_1G4Y_hasic
conhnectlibh.ConnRul 15ic A
connectlih.ConnRules_3%_hasic " ety
i m Cancel )L Apply )L Help 1
1 I

3. (Optional) To view the contents of the connect rule, click View.

The connect rule file appears in a window. When you are finished viewing the file, you
can choose File — Close Window.

4. To customize this connect rule, click Customize.
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The Customize Built-in Rules form appears.

T
4| amz3: Customize Built=in Rules | a |_|

Description  This is the description for ComnBules_3V_basic

Connect Madule Declarations

rlodule Mode Parameterfalues

o 'I'E'ZL_D - - mm\}'s'u'p='3.'0 ythi=2.0 vilo=1.0 tr=0.4n
LZE_D Ysup=3.0 vlo=0tr=0.4n rout=200
Bidir_0 Ysup=3.0 vthi=2.0 wlo=1.0 vlo=0tr=0.4n rout=200

EZR wilelta="ysup/B4 wiol="Ydeltard ttol=Tr/20

RZE_D0 woelta="ysup/Bd tr="Tr/20 tf="Tr/20 rout=200

L D hiclie = T AL P T R ToW = B, 2

A i}

L WiB coniect mot e, ‘W WView defines.. |

rode | |
FParameters
Earareter; ol E
Parameter | | vame . | CHarge
Direction - | | Disciplingl
Directionz | | Disciplingz

| Connect Resolutions..
N

m. Cancel )L apply )b Disciplinesa.JL-Help ,_
1

5. Inthe Description field, change the name of the rule to My_ConnRules_25V_mid:
This is the description for My ConnRules 25V mid

Description This is the description for My CormBules 25¥ mid
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6. Inthe Connect Module Declarations group box, hilight the top three lines containing
information for modules E2L_0, L2E_0, and Bidir_0.

The shared parameters appear in the Parameters group box.

4| ams3: Customize Built=in Rules | 4 |_|i.;$|

Description This is the description for My _ComRules 25V _wid

Connect Madule Declarations )

i= il

o=0tr=0.4n rout=200 ;

3.0 vthi=2.0 vtio=1.0 vlo=0 tr=0.4n rout=200 &
wilelta="ysup/B4 wiol="Ydeltard ttol=Tr/20
woelta="ysup/Bd tr="Tr/20 tf="Tr/20 rout=200

L\-fiew Cafifiect mndul_e..._J L WView defines.. J

rode ' = ]
FParameters 7
wthi 2.0
wilo 1.0
tr 0.4n
vlo I}
rout 200
Farameter Yalue
Directiond - | r | DisciglingT

Directionz - | Disciplinez

L Connect Resolutions..; J

m[&-CancteL P«pply"][ Disciplings.. _JL Help '_J_

7. Change these values as follows:

Parameter Value Change it to

vsup 3.0 2.5

vthi 2.0 1.6
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Parameter Value Change it to
vtlo 1.0 0.8
tr 0.4n 0.2n

a. Select the parameter you want to change.
b. Inthe Value field, change its value.

c. Click Change.

_|| ams3: Customize Built=in Rules | 4 |_|i.;$|

Description This is the description for My _ComRules 25V _wid

Connect Madule Declarations )

wielta="ysup/B4 wiol="Ydeltasd ttol=Tr/20
RZE_D0 woelta="ysup/Bd tr="Tr/20 tf="Tr/20 rout=200

LT Lt Ij“ii iiii ii Ii'iii “Ii“ii ﬁi:vm.._._,

rode ' 'J
FParameters 7
WEUp 2.4
wthi 1.6
wilo 0.8
tr 0.Zn
vlo I}
rout 200
Farameter . tr Yalue 0.2n m
Direction? | v | DisciglingT

Direction2 = DisciplineZ

L. Connect Resolutions... J

m[&-Canceljt Apply. ) Disciplines... ). Help |

8. Click OK.
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9. On the Select Connect Rules form, click Add.

- ams3: Select Conrect Rules RS

List of Connect Rules Used in Simulation

Type |F~!u|e MName |Detai|s
rodified built-in ConnRules_3Y_hasicl Lib:connectlib View.connect
“8 i %
Enable:: | | Disshle i § [Helate J i Hename...) L (O d & {4} & [T J _\Custnmlze...}
Built-in and Custamized rules
Rules Mame |connectlib.ConnBules_18%_full_fast n Lo N
Description This is the description for Borm[h]les_lﬂ‘i’_full_fast ................... | Customize..
N
A |
User-defined rules far irun
Rules Mames ) o )
Connect Rules/Modules Files Brovese..
| Add
ISR

I m Cancel | Apply Help
Il

Modified built-in appears in the Type column.
10. Click OK.

The connect rules you specify on the Select Connect Rules form apply to the whole design.

Note: You might want to have several connect rules in the same design. You can set
disciplines on a net, cell, instance, or library, and you can specify several connect rules

accordingly.
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Setting Netlister and Run Modes

To set netlister and run modes, do the following:

1. Inthe Virtuoso® Analog Design Environment window, choose Simulation — Netlist and
Run Options.

The Netlister and Run Options form appears.
2. For Netlister Mode, select OSS-based.

The ncverilog radio button appears as a Run Mode choice.

_|i amz3: Metlist and Run Cptions | 4 |_|i_3\§|

METLIST &MD RUM MODE

& 055-hased netlister with irun

' Cellview-hased netlister with ncylog, ncelab, ncsim

RUMN OPTICMS
» Compile incremental _ Al
» Elaborate incremental . All
» Simulate
»

Clean snapshot and pak files

_ Compile Yeriloga as Verilog-2k5s

SIMULATION MODE

Simulate & Baich (hormal) o Interactive (debugger

SAVE &MND RESTART OPTIONS

_ Restart from:

Snapshot prefix |

Save time(s)

Save incr Start time Stop time

m Cancel Defaults Spply Help
I
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3. For Run Mode, select ncverilog.

» Simulate

— ams3: Netlist and Run Options | 4 |J A
METLIST &MD BUM QFTIOMNS

Metlist s Cellview-based # O55-based

Run kode i ncwlog, ncelab, nosim @ noverilog
RUM OPTIOMNS

¥ Compile incremental LAl

» Elahorate incremental all

Simulate

SItAULATION MODE

® Batch (normal) o Interactive (debugger)

. Cancel I Defaults I Apply I Hellp y

4. Click OK.

You are ready to simulate.
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Viewing Options

As you proceed through this next set of steps, you will notice several choices on the
Simulation — Options menu in the Virtuoso® Analog Design Environment window:

LGN Results Tools  Help

cadence

Solver .
Metlist and Run Cptions ..

@ retlist and Run

Bun

@ Stop
Device Checking ..

Arguments

Tetlist ]
Ctput Log 4
Convergence &ids 4
LK. REF

analog(Spectre) ...

EastSPICE{UraSim) ...
Accelerated Parallel Sim(aPS) ..

AbAS Simulatar ...

You will not change any of these options during this example, but you will view some of the

forms.

See

m Viewing Analog (Spectre) Options on page 113

m Viewing FastSPICE (UltraSim) Options on page 114

m Viewing AMS Options on page 115
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Viewing Analog (Spectre) Options

To view Analog (Spectre) options, do the following:

1. In the Virtuoso® Analog Design Environment window, choose Simulation — Options —

Analog(Spectre).

The Analog (Spectre) Options form appears.

analeq (Spectre) Options

[ B

Annot 40k =]

kdain algorithm Compaonent Check
TOLERAMCE OPTIOMNS

reltol le-3

residualtol

vabstol le-6

iabstol le-12

TEMPERATURE QOPTIONS

termp 27

tham 27

tempefiects W _ tc _ all

\__Canu::e_l/ Defaults )| Apply Hellp

For information about the options you can set on this form, see the Virtuoso Spectre
Circuit Simulator User Guide.

2. When you are finished viewing Spectre options, click Cancel to close the form.
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Viewing FastSPICE (UltraSim) Options

To view FastSPICE (UltraSim) options, do the following:

1. In the Virtuoso® Analog Design Environment window, choose Simulation — Options —
FastSPICE(UltraSim).

The FastSPICE (UltraSim) Options form appears.

— FastSPICE (UltraSim) Options [=[E e
" Main algarithm Component Fostlayout Dutput (41 ¥
High Level Options
Simulation Mode \Mixed Signal (M3} n =
Speed Option |AECUracy (3 n
Analog Option analog Partitioning (2) i@
Post-layout Method Mo RCR (0] B

Temperature Options

Temperature (C) 27
Tnom (C) 27
skip Subckis aelet

= \ s/

subckt Instances

Subckt Mames

.\Cancelz..\Defaults,..\ Apply ) Help J._

For information about the options you can set on this form, see the Virtuoso UltraSim
Simulator User Guide.

2. When you are finished viewing FastSPICE options, click Cancel to close the form.
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Viewing AMS Options

To view AMS simulation options, do the following:

1. In the Virtuoso® Analog Design Environment window, choose Simulation — Options —
AMS Simulator.

= AMS Options | - |Ji,$|

Main Metlister Messages PLI SDF Timing 4

INCLUDE OPTIOMNS

Options files (-1

Files on irun command line

Include paths (-incdir)

YERILOG

Library files (-v) v sowrce_filesinv 1x hv.v

Library directaries -y

File extensions for -y (-libext) ¥

TIMESCALE OPTIONS

Global sim time 1
Units for global sim time ps
Global sim precision 1
Units for global sim precision ps

DISCIPLIMNE OPTIONS

Default discipline logic

Use detailed discipline resolution

OTHER OPTIONS

Enable line debug to use with SimYision

Additional libraries for irun

Additional arguments W -iereport +nowarn+GIBREGW

I m Cancel Defaults Spply Help
I
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2. Scroll down to the bottom of this form to see that -iereport appears in the Additional
arguments field.

When you specify the -iereport option, the elaborator generates an interface element
(IE) report. The IE report appears at the top of the simulation log file. This report contains
information about each IE the software inserted into the design, such as its name, net,
discipline, and so on.

3. When you are finished viewing options, click Cancel to close the form.
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Netlisting and Running

To netlist and run, do the following:

> Inthe Virtuoso® Analog Design Environment window, choose Simulation — Netlist and
Run.
Status appears in the upper left corner of the window. Simulation output information
appears in the ncverilog. log file. The simulation time appears at the end of the file:
Time Usage:
Total user time: 0:04:16 (256.980 sec), system time: 0:00:01 (1.100 sec),

real time: 0:04:26 (266.600 sec)
Note: This simulation ran for 5 minutes 47 seconds on our Solaris machine witha 1.6 G
CPU.
Because -iereport appears in the Additional arguments field on the Main tab of the
AMS tabbed window (see “Viewing AMS Options” on page 115), an IE report appears at
the top of the log file. That report might look something like this:
—————————— IE report ---—————————-
Automatically inserted instance: pll 160MHz sim.I3.I11.I15.netl8 E2L logic
(merged) :

connectmodule name: E2L,

inserted across signal: netl8

and ports of discipline: logic

Sensitivity infomation:

No Sensitivity info

Discipline of Port (Ain): electrical, Analog port

Discipline of Port (Dout): logic, Digital port

Drivers of port Dout: No drivers

Loads of port Dout: No loads
As you scroll down past UltraSim version and build time information, you will notice
messages related to the compiled C flow for Verilog-A. Those messages might look
something like this:
File read: .../Migrate 2 AMSD/models/spectre/resd va.va
Created directory amsControl.ahdlSimDB/ (775)
Created directory

amsControl.ahdlSimDB/
2143 migrateToAMS Migrate 2 AMSD models spectre resd va.va.ahdlcmi/

(775)
Created directory

amsControl.ahdlSimDB/
2143 migrateToAMS Migrate 2 AMSD models spectre resd va.va.ahdlcmi/
Linux2.4.21-37.ELsmp+gcc/

(775)
Compiling ahdlcmi module library.
Finished compilation in 2 s (elapsed).
Installed compiled interface for resd va.
You can use the compiled C flow to boost performance particularly when you are using
Verilog-A to model bsources or CMOS devices such as MOSFETSs, resistors, and
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capacitors. See “Using the Compiled C Code Flow” in the Cadence Verilog-A
Language Reference for more information.

The IUS 5.83 release supports a feature called FastCross that speeds up the simulation
by reducing the number of global time steps. Information about the total global time steps
appears near the end of the log file:

Total Accepts: 1.452 M

You can close each window by choosing File — Close Window.
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Viewing Waveforms

When the simulation finishes, a graph window appears.

= amsPLL pll_160MHz_sim config: Sep 12 16:37:09 2007 8 | _||J o
File Edit Frame Graph Axiz Trace WMarker foom Tools Help EidEI'I{E
Sr#HEOFFBE #= W W E X b [ae | |
Transient Response .
FIZ JFBCLE
— Jf13/net036 — JI3wCNTL — JCLE_1&0MHZ — fCLE_REF
2.0
2.5

2.0

15
=
T 10
_-SI""""'I'""""I"""'"I""""'I
0 25 5.0 75 10.0
[ 1.8422us[ 2.5555% tirme (s

@ traced: fIZ /FBCLE |

You can do the following to compare the display with your UltraSimVerilog results to verify that
they are the same.

March 2014 119 Product Version 6.1.6
© 1999-2014 All Rights Reserved.



Virtuoso AMS Designer Environment Tutorials
Migrating to AMS Designer

1. In the graph window, choose Axis — Strips.

— amsPLL pll_160MHz_sim config : Sep 12 16:37:09 2007 8 [= ="
File Edit Frame Graph Axis Trace Marker Zoom Tools Help cadence
SGr#Ell BB & » B AP E [ anel | |
Transient Response l
J3SFECLE
3.0 TSTRETT SR
=
=
¥ e
g j
=

0 25 5D 75 10.0
[ S4999yus[ 25471Y time (us)

@ = Araced: fIZ/FBCLE |

2. Compare the resulting waveform display with your UltraSimVerilog results.

3. When you are finished viewing results, choose File — Close to close the graph window.
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Displaying Partitions

You can also verify that the partitions for AMS Designer are the same as those for your
UltraSimVerilog (mixed-signal) simulation:

1. In the schematic window, descend into /3:

a. Select I3.

b. Type e.

c. Click OK.
2. In the schematic window, choose AMS — Display Partition — Initialize.
3. In the schematic window, choose AMS — Display Partition — Interactive.

The AMS Partition Display form appears.

—|[AMS Partition Display: amsPLL pII_1E| 4 |J fé|
Mame Frobe Layer
L] I
el [
& digital |,_|.|¥4 |dg|
» analogimixed |-|¥5 |dg'|
i
» digital/mixed |.|¥[| |dg'|
-
I Cancel j|Defaults)| Apply ) Help 1

You will notice that this form is slightly different from the one for the UltraSimVerilog case
(see Viewing Interface Elements on the Schematic on page 88).

4. Click OK.
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On the schematic, mixed-signal items appear in orange and yellow.

~|Uirtuoso® Schematic Editor L Reading: amsPLL PLL_160MHZ schematic Configi amsPLL pll_160MHz_sim config - Virfuoso® P.nalog| 4 |J|,$|

Launch File Edit ¥iew Create Check Options Migrate Window Hierarchy-Editor AMS  Help cadence

. T Y

¥ @ B

STEATION PURPOSES
i mouse L: schiingleSelectPt) k: schHikousePopUpg R: mouseFoplpg
1] = | Cmd: Sel: 0 Status: Ready | T=27 | Simulator: ams(UltraSimiMade: hatch | State: state_amsuf

You can compare this display with the one you saw for UltraSimVerilog. Both examples
have the same partitions. You can see the set up for connect rules and disciplines both
from the AMS menu in the schematic window and by choosing Setup — Connect Rules
in the Virtuoso® Analog Design Environment window.
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Understanding Connect Rules and Disciplines in AMS Designer

The AMS Designer simulator uses disciplines, connect modules, and connect rules in place
of A2D and D2A interface elements. A discipline denotes an object as analog or digital (with,
for example, an electrical or logic discipline). When you connect objects of different
disciplines, connect rules determine which connect modules to insert between the objects.
The inserted connect modules convert signals to values that are appropriate for each
discipline. You can modify connect rule parameters such as supply voltage and rise time in
your connect modules to tailor conversion of your design.

Note: For more information about disciplines, connect rules, and connect modules, see
“Mixed-Signal Aspects of Verilog-AMS” in the Cadence Verilog-AMS Language
Reference.

Cadence provides sample connect rules in the following directory:

SAMSHOME/tools/affirma ams/etc/connect lib

The sample connect rules (CRs) here are built in and ready for use in the Virtuoso® Analog
Design Environment (ADE). Built-in CRs work for a certain set of voltage supplies only (such
as 1.8V, 3V, and 5V). You can modify the parameters to customize a built-in CR for your
design needs. Advanced designers can write customized CRs and include them in the
simulation.

For this example, the voltage supply is 2.5 V. We can customize the 3V built-in CR to fit our
simulation.

Note: Cadence provides full-fast, full, mid, and basic built-in CRs. You can speed up the
simulation for complicated designs using the full-fast CRs. For this example, we do not need
a bidirectional CR; we can choose a simpler CR.
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Simulating the Design Using the Spectre Solver

The AMS Designer simulator has two analog solvers: UltraSim and Spectre. To simulate the
example design using the Spectre solver, you can do the following:

1. Save the results from the previous simulation as follows:
a. In the Virtuoso® Analog Design Environment window, choose Results — Save.

The Save Results form appears.

— ams1; Save Results | a0

Sawe As  schematic-savel

Comment

Directory Name

../ [Go vp one directory)
config

Current Directory  sToAMS/Migrate_ 2 AMSD 0A/simulation/pll 160MHZ_sim/ams

Cancel ) Defaults) [ Apply Hellp y

b. Inthe Save As field, type a name for your results.
c. Click OK.

2. Choose Simulation — Solver.
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The Choose Solver form appears.

4i ams3: Choose Salver | = |_||_R§|

Analog solver to he used:
s opectre & Ultrasim o &P3

_m Cancel Diefaults Spply Help
Il

3. Select Spectre as the Analog solver to be used:

_|i ams3: Choose Salver | = |_|i_3\§|

analog solver to be used:
& Spectre o UltraSim o APS

m Cancel Defaults Spply Help
1 I

4. Click OK.

March 2014
© 1999-2014

5. Inthe Virtuoso® Analog Design Environment window, choose Simulation — Netlist and
Run.

Status appears in the upper left corner of the window. Simulation output information
appears in the ncverilog. log file. The simulation time appears at the end of the file.

Total time required for tran analysis “tran' was 3.11407 ks (51lm 54.1s).

You can compare these results to those from the simulation using AMS Designer with the
UltraSim solver.

Note: This simulation ran for 60 minutes on our Solaris machine with a 1.6 G CPU.
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When the simulation finishes, a graph window appears.

— amsPLL pll_160MHz_sim config : Sep 12 17:03:19 2007 10 [= ="
File Edit Frame Graph Axiz Trace WMarker Zoom Tools Help Eidl‘!l‘lil‘!
SRHEENFEBE » 0 B X [ |
Transient Response .
FIZ FFBCLE
— f13/net036 — S13 e CHTL — fCLE_160MHZ — fCLE_REF
E
2.5

2.0

1.%

W (V)

1.0

0
0 2.5 5.0 7.5 10.0
[ 861 54ns| 25391y time {us)
| @ | = racel:/I2/netdz6 |
March 2014 126 Product Version 6.1.6

© 1999-2014 All Rights Reserved.



Virtuoso AMS Designer Environment Tutorials
Migrating to AMS Designer

6. In the graph window, choose Axis — Strips.

Tranzient Respanse l
fIS/FBCLE T

3.0~ TIRETTSE L
=
=

-5

1.75- (TIWCHTTL
=
=

=10
0.0
0 25 5.0 75 1.0
| 556.75ns | il time fush

7. When you are finished viewing results, choose File — Close to close the graph window.
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Migrating to the OSS Netlister

To support the irun command and to overcome obstacles of the cellview-based netlister,
Cadence provides the OSS netlister. This tutorial example demonstrates how to migrate from
using the cellview-based netlister to using the OSS netlister.

The AMS cellview-based netlister (the original netlister for AMS Designer) translates
schematic cellviews into Verilog®-AMS netlists, for one cell at a time. The output of a
successful netlisting run is one or more files named verilog.vams, each containing a valid
Verilog-AMS module that corresponds to a schematic cellview, in the lib/cell/view for the cell.
The cellview-based netlister requires that you have ams simlinfo in your PDK library.

Cadence’s Open Simulation System (OSS) netlister creates a single netlist of the entire
design hierarchy in the netlist directory. The OSS netlister uses spectre siminfo. You do not
need to add ams simInfo or convert PDKs (as you do if you use the cellview-based netlister).
The Spectre and UltraSim circuit simulators use this netlister.

For more information about these netlisters, see “Netlisting” in the Virtuoso® AMS Designer
Environment User Guide.

/ Important

You must be using the following releases of Cadence software to run this tutorial
example: IC 5.1.41 ISR#117 or later for ADE, and IUS 8.1 or later for the AMS
Designer simulator.

For information about the tutorial design, including key directories, see “The Migration
Example” on page 130.

See the following topics for further information:

m Getting Started on page 131

m Selecting and Using the Cellview-Based Netlister on page 132

B Selecting and Using the OSS Netlister on page 134

See also “Important Considerations when Using the OSS Netlister” on page 9.
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The Migration Example

This migration example consists of a schematic PLL design that contains Verilog language
design units. The schematic contains the following analog components: a VCO, a phase
frequency detector (PFD), a charge pump, and a loop filter. The two digital frequency dividers
are RTL Verilog and VHDL modules.

T I
—1|Wirtuoso® Schematic Editor L Editing: amsPLL pll_160MHz_sim schematic  Config: amsPLL pll_160MHz_sim ccl 4 |_||}$|

Launch File Edit Miew Create Check Options Migrate Window Help (éliETICE
I = e O % @ Ty ¢ #x1. T JR KR s [ e
, - - éiiWnrkspace: Basic nEE'u @3 ' "1% :lﬁ 1[% i ']h | E\} I'O; .

mmouse L: schi3ingleSelectPt Il: hiRepeat F: schHikousePopl
g P PURL

"2(5:) B Cmd: Sel: 0 Jm

Key directories for this tutorial example are:

Directory Content

gpdk090 90 nm process design kit (PDK)

models Model files in Spectre syntax

amsPLL Library that contains the PLL blocks for the schematic

March 2014 130 Product Version 6.1.6

© 1999-2014 All Rights Reserved.



Virtuoso AMS Designer Environment Tutorials
Migrating to the OSS Netlister

Directory Content

dig_source Directory containing the two behavioral Verilog and VHDL frequency
dividers

Getting Started

/ Important

Before starting this tutorial, see “Before You Begin” on page 13.

To begin, do the following in the MigrateFromCBNToOSSN directory:
1. Source the setup file:
source SETUP
The SETUP file sets the TUT_DIR environment variable to your current directory:
setenv TUT DIR "pwd’

2. Start Cadence software:

virtuoso &
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Selecting and Using the Cellview-Based Netlister

1. In the Virtuoso®

Simulation.

command interpreter window (CIW), choose Tools — ADE L —

The Virtuoso Analog Design Environment window appears.
2. In ADE, choose Setup — Design.
The Choosing Design form appears.

3. Select the following:

Field Selection
Library Name amsPLL
Cell Name pll_160MHZ_sim
View Name config

4. Click OK.

5. In ADE, choose Setup — Simulator.
The Choosing Simulator form appears.
6. Use the Simulator drop-down combo box to select ams.
7. Click OK.
8. In ADE, choose Session — Load State.
The Loading State form appears.
9. Inthe State Name area, select state_CB.
10. Click OK.
11. In ADE, choose Simulation — Netlist and Run Options.
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The Netlist and Run Options form appears.

— ams0: Netlist and Run Options | . fé|
METLIST AMD RUM MODE

s DE5-hased netlister with irun

& Cellview-based netlister with ncvlog, ncelab, ncsim

RUMN OFTIONS

» Compile incramental _ all

» Elaborate incremental  _ All

¥ Simulate

SIMULATION MODE U

simulate # Batch (normaly o Interactive idebugo

i Ml =

Cancel Defaults Spply Help
|

12. Inthe NETLIST AND RUN MODE section, select Cellview-based netlister with
ncvlog, ncelab, ncsim.

The other choice is for the OSS-based netlister with irun. We will demonstrate this

choice in “Selecting and Using the OSS Netlister” on page 134.
13. Click OK.

14. To run the simulation, either choose Simulation — Netlist and Run, or click the green
Netlist and Run button.

After the simulation finishes, results appear in a waveform window.

15. When you are finished viewing results, close the waveform window.
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Selecting and Using the OSS Netlister

To select and use the OSS netlister, do the following:

1.

5. Inthe NETLIST AND RUN MODE section, select OSS-based netlister with irun.

In ADE, choose Session — Load State.

The Loading State form appears.

In the State Name area, select state_ OSS.

Click OK.

In ADE, choose Simulation — Netlist and Run Options.

The Netlist and Run Options form appears.

— ams3: Metlist and Run Options | . f5|

METLIST AMD RUMN MODE

& O55-hased netlister with irun

— Cellview-hased netlister with ncvlog, ncelab, ncsim

RUM OPTIONS
» Compile incremental kel Al
» Elahorate incremental  _ &l
~ Simulate

¥ Clean existing snapshot and pak files

SIMULATION MODE

Simulate # Batch (normal) -« Interactive (debugger)

I Cancel Defaults Spply Help
|

The other choice is for the Cellview-based netlister with ncvlog, ncelab, ncsim.

To see how to run the tutorial using this choice, see “Selecting and Using the Cellview-

Based Netlister” on page 132.

6. Click OK.
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7. In ADE, choose Simulation — Netlist — Create.

An error appears in the CIW indicating

ERROR (191)

: AMS netlisting has failed.

You can scroll up to see the problem:

ERROR
list,

(OSSHNL-116) :

schematic veriloga vhdl vhdlams symbol’,
Either add one of these views to the library
or modify the view list to contain an existing view.

‘PLL_VCO_320MHZ’ .
‘inv_ VHDL’

‘INVPL'

\

Unable to descend into any of the views defined in the view
‘vhdl spectre spice verilog verilogams behavioral functional system
for the instance

in cell

invLib’, cell

The inv_VHDL cellin the invLib library has a VHDL text view (vhd1l), but this text view
does not have a Virtuoso® database.

To create the Virtuoso database for text views in the design, do the following:

1. In ADE, choose Tools — Update Text Views.

The Update Text Views form appears.

=

amsZ: Update Text Wiews

Update Mode

Canfig
Likirary
Cell

Wigw

Text views
Library
Cell(s)

R

Create databasze for

Update text views that do not have the Viduoso database.

& confiy o test views

& incremental o all
pll_160MHZ_ sim Browse
config
LI5_Bths
Browse
m Cancel J[ Apply

Find

Help
L
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The choices for Create database for are:

Q config—takes the lib-cell-view of the config, walks through the design, and creates
a Virtuoso database for all text views that do not have one. This is the default choice.

Q text views — takes the specified text view (such as verilogams or vhdl) and
creates a Virtuoso database for it.

2. Click OK.

The program walks through the design and creates a Virtuoso database for all text views
that do not have one.

3. In ADE, choose Simulation — Netlist — Create.

The program creates a netlist successfully.

To simulate using the OSS netlist, do the following:

1. In ADE, either choose Simulation — Netlist and Run, or click the green Netlist and Run
button.

After the simulation finishes, results appear in a waveform window.

2. When you are finished viewing results, close the waveform window.
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Using Inherited Connections for Multiple
Power Supply Design

When creating a mixed-signal design with multiple power supplies, you need to share certain
information between the analog and digital circuitry, such as

m  What power value represents logic 17

m  What voltage threshold triggers conversion of an analog signal from logic 0 to logic 1 and
from logic 1 to logic 07

Using the Virtuoso® Schematic Editor, you can add inherited connection attributes and CDF
netSet properties to the schematic to create special global signals and to override their
names selectively in a design hierarchy. The elaborator automatically inserts inherited
connection connect modules that have appropriate power supply values. (See also “Adding
netSet Properties to Create an Inherited Connection” in the Virtuoso Schematic Editor L
User Guide.)

/ Important

Before starting this tutorial, see “Before You Begin” on page 13.

See the following topics for tutorial details:

The Tutorial Example on page 139
Adding netSet Properties on page 141

Verifying the Setup in ADE on page 144
Using SimVision to Browse the Design Source on page 148

Using SimVision to Investigate AICMs on page 151

m Using SimVision to Verify Simulation Results on page 153

See also "Designing with Multiple Power Supplies" in the Virtuoso® AMS Designer
Simulator User Guide.
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The Tutorial Example

This tutorial example features a simple schematic buffer design that has three power supplies
in a mixed-signal circuit. The three power supplies are vDD!=1. 8V, vdd33!=3.3V, and
vdd5!=5V. VDD!=1. 8V is the global power supply, instance 10 requires vdd5!=5V, and
instance |1 requires vdd33!=3.3V.

To open the schematic for the testbench, do the following in the MultiPwerInhConn
directory:

1. In the CIW, choose File — Open.

2. On the Open File form, specify multiSupply_InhConn, AICM_InhConn, schematic.
3. Click OK.

The testbench schematic appears in a Virtuoso® Schematic Editor window:

T I
4| Wirtuoso® Schematic Editor L Editing: multiSupply_InhConn AICH_InhCann schematic | 4 |_||_)$|

Launch File Edit Miew Create Check Options Migrate Window Help CédE‘l’ICE

e e,
i” @ !HWDrkspace: \Basic n =Y @3 i:ﬁ"[@ :]ﬁ ].[% » ”i |||

caivoaliony,

.. Autom . I DR
. . Qppropri B T S

.........

.........

Jimouse L sch3ingleSelectPtl M deQpeni R: schHitaousePoplpl |
@] - cme: sel o || 2
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Instances 10 and I1 have netSet properties. The global value vdds ! =5v overrides the vdd
net expression in 10, and the global value vdd33 ! =3 .3V overrides the net expressionin I1.
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Adding netSet Properties

Note: We have already added netSet properties to the tutorial example.

To add a netSet property, do the following:
1. Select the instance (for example, I0 or I1 or I0.128).
2. Type q.
The Edit Object Properties form appears.

Note: Typing g is a shortcut for choosing Edit — Properties — Objects.

— Edit Object Properties | 4]
Apply To kl:unly current n Jnstance n
Show _ system o user o CDF
Browse Reset Instance Labels Display
o -
Froperty Yalue Display
Library Mame multiSupply Inhlorno| aff n
Cell Mame AICM leafl off n
Yiew Mame svymhiol off B
Instance Mame Io Yalue n
&dd Delete kAo ity
b = e - Y
User Property bAaster Walue Local Walue Display
interfacelastCh. 15 15.43.13 2004 off n
pantame verilog cmos_sch off B
vid wddEG | hoth n
yenhdortame off n
I m L cancel | Apply J Defaults || Previous | Mext )| Help

.

3. Click add.

The Add Properties form appears.
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4. Using the Type drop-down combo box, select netSet.

— Add Property | il fé|
Mame |vdd |
Type |netset n
Yalue  wdds!

I Cancel J[ &pply Help

| |

5. In the Name field, type the name of the netSet property, such as vdd.

6. In the Value field, type a value for the netSet property, such as vdds!.
7. Click OK.

Because the vdd net expression in 10 takes on the global value vdds ! =5V, all automatically-
inserted connect modules (AICMs) at this level take on this value as well. Notice, however,
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that instance 10.1128 has a netSet property such that vbD!=1.8V, so AICMs in 128
inherit the value 1.8V for vad.

T T
4| Viruoso® Schematic Editor L Reading: multiSupply_InhConn AICM_leafl schematic | 4 |J|,$|

Launch File Edit ¥iew Create Check Options Migrate Window Help cédence
= I % @ [ 1 Q@ B | -

netSet property for 128

imouse L: sch3ingleSelectPt]) Id: schHiDescendRead() R: schHiMousePoplpg |
IRkE: Cmd: Sel: 0
EIE | cmot st of}
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Verifying the Setup in ADE

To verify the setup in ADE, do the following:

1
2

In the schematic editor, choose Launch — ADE L.
In ADE, choose Setup — Design.

From the View Name drop-down combo box on the Choosing Design form, select
config.

4. Click OK.
5. In ADE, choose Session — Load State.
6. Inthe State Name area on the Loading State form, select state_ames.
7. Click OK.
8. In ADE, choose Simulation — Netlist and Run Options.
Verify that the “NETLIST AND RUN MODE” is OSS-based netlister with irun.
Verify that the “SIMULATION MODE” is Interactive (debugger).
We will use SimVision to help explain how the design netlist containing inherited
connections works with the connect rules and connect modules.
9. Click OK or Cancel.
10. In ADE, choose Setup — Model Libraries.
Verify that $CDIR/models/spectre_prim.scs is in the Global Model Files list.
Optionally, click the Edit/View icon to view the device model file contents.
—'i ams2: Model Library Setup | 4 ifé|
; | tadel File | Section |
Er Global Model Files
- o | FCDIRMmodels/spectre_prim.scs
i) _ |<Click here to add model file= —
R
b4
e
i Cancel Apply Help I
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11. Click OK or Cancel.
12. In ADE, choose Setup — Connect Rules.

Verify that Built-in ConnRules_inhconn_mid appears in the List of Connect Rules
Used in Simulation.

— ams?2: Select Connect Rules | 4

List of Connect Rules Used in Simulation

Type |Hu|es Mame (Cell) |Library |‘Jiew |
Built-in ConnRules_inhconn_mid connectlib connect

13. Inthe List of Connect Rules Used in Simulation, select Built-in
ConnRules_inhconn_mid and click Customize.

Caonnect baodule Declarations

hodule |M|:|de |Parameterﬂfalues

EZL_inhconn wihi=0.67 wilo=0.33 tr=0.4n
LZE_1_inhconn tr=0.4n rout=200

Bidir_inhconn wthi=0.67 wilo=0.33 tr=04n tf=0.4n t<=04n tz=04n rlo=200 rt
B I

14. In the Connect Module Declarations list box, select E2L_inhconn.

The connect module parameters appear in the Parameters group box on the form.

Farameters

Farameter |Value |

wihi 06T

wilo 0.33

tr 0.4n

Parameter | Change
N
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15. Inthe Connect Module Declarations group box, click View connect module.

Connect Module Declarations

kdodule kdode Farameterfalues

EZL_inhcann wihi=0.67 wilo=0.33 tr=0.4n
LZE_1_inhcaonn tr=0.4n rout=200

Bidir_inhconn wihi=0.67 wllo=0.33 tr=04n tf=04n t<=04n tz=0.4n rlo=200 rt

16. Scroll down past the initial comment lines in the Verilog-AMS file to view the following:

T T
—[fgrid/avs/installfius/8.2/08.20.001-b/tools.Inx86/affirma_ams/etc/connect_lit] -+ | _I| x|

File Help cadence

T PR F T P =| ,Inherited connection attributes
"tinescale Ins / 100ps containing net expressions

£

connectmodule EZL_inhconn {Ain, Dout);
input Ain; electrical Ain; i electrical iggm

output Dout; “logic Dout; A logic oukp

/¢ Inherited wdd! and wss!
electrical
(* integer inh conn_prop_name="wvdd"
integer inh conn def walue="cds_globals. “wdd?
electrical

|~ Property names (vdd and vss)

(* integer inh _conn prop_name="vss";, -——-r-02" 00 ||
integer inh conn def walue="cds globals. “hwssl "; *) ‘wssl i
I - match netSet property names

#/ INSTANCE PARAMETERS:

parameter real tr=0.2n from {0:1m}); A risetime (for defs

parameter real txdel=d+tr; 4 time midrange til

parameter real ttol=tr/d; 4 time tolerance of
i scaled input/output levels/thresholds (0 maps to Vref, 1 maps to ¥s

parameter real wthi=1/1.5 from (0:1); #f frac. for high tresh {

parameter real wtlo=vthi/2 from (0:wthi); // frac. for low tresh (d
parameter real wtol=(vthi-wtlo) /10 from (0:{vthi-vtle)/4]; 7/ frac
parameter real wtlox=vtlo+Z+vtol from {vtlo:vthi); // lo to X state
parameter real wthix=vthi-Z+vtol from [vtlox:wthi); // hi to X state

/¢4 LOCAL VARIABLES:
reg Dreg; i output register

reg ¥in; #f Tx control registers

real Kin; A input relative to supply range

real taxdig; A tx in timescale units

Iz |

initial hegin
txdig=txdel/1n; i digital delay midlewvel to X (ASSUMES T
Dreg=i{Kin>vthi}? 1'bl : {(Kin<wtlo)? 1'h0 @ 1'he;  // initial lewe!l
Hin=0; Ff initially not in X delay region

end

Af Relative input level (maps input to range of O=wref, l=wsup):

analog Kin = V(Rin, \wes! ) /max(¥(\wdd! ,'was! ), 1n); g vdd and vss net expression names
appear throughout the built-in code

M
5]

The built-in connect module uses net expressions to specify the inherited connection
attributes. The property names are vdd and vss, which we use in the netSet properties
in our design. The vdd and vss net expression names appear throughout the built-in
code.

17. Close the viewing window.
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18. On the Select Connect Rules form, click OK or Cancel.
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Using SimVision to Browse the Design Source

To use SimVision to browse the design, do the following:
1. In ADE, click the green Netlist and Run button.

Several windows appear including the Console window and the Design Browser window.

4| Design Browser 1 — SimYision | d |_|i_3$|
File Edit Yiew Select Explore  Simulation  Windows  Help cadence
B sl xhbxe |[@od rREREAEE
| "M, [Timea -] = [o Bes -[p2-| & % || search Times: [Vaiue | M, A

i & =
T [ﬁﬁﬂﬂ]

mal

EiE | | Mame = Yalue (as recorded) |
: Erowse: I %] | B> 10_out 18 - N
D 1 _out_18 o
=28 simulatar : netd 0w
- nets 0V
i ¥
A= ] ] 1= =
e A S - |
[ 0% |1 object selected |
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2. In the Design Browser window, click AICM_InhConn.

The Source Browser window appears with an arrow to the left of the module statement

for ATCM_InhConn.

I I
_|| Source Browser 2 — SimYision [.../ams/config/netlist /netlist. vams] | Ll |_||,$|
File Edit Xiew Select Format Simulation Windows  Help cadence

e Al ¢ R ERRABE
|IZI ﬂLps G I Search Times: I_Value_vH -k PN
e ;
ooy e P B3
£ 1S Scope: I {} AICM_InhConn n G Files: Ifneb‘cmsnIEDdf...fnetllst.vams [BEHSH Q
(B 92 [y
Gagar! 93| (* cds_ams_schematic *)
:E || = | 94 |module AICM InhCorn (I0 out 18, I1 out 18);
i I a5
3 { 06 |output I0 out 18, Il out 18;
| a7
k| 28
98 |wsource #(. type ("pulse"), . delay(l0n), .wal0(0), .wall(5), .periodi{lu},
H | 100 crise(B0n), .f£alli50n), . width(200n)) ¥0 (netS, cds globals. .gnd!
s 101 5
= | 10z
| 103 |wsource #(. type("pulse"), . delay(l0n), .wal0(0), .walli(5), .period(lu},
| 104 crise(50n), .f£alli&0n), . width(200n))} ¥7 (net3, cds_globals. .gnd!
i 105 1
E; 108
o i 107 |wsource #(. dc(5), . type("dc")) ¥3 (cds_globals. weddS!
L [ 108 cds_globals. \gndl 3
| 109
E] | 110 |wsource #(. dci{3.3), . type("dc")) ¥2 {cds_globals. “wdd33! ,
i 111 cds_globals. gnd! )
" 112
%‘},ﬂ i 113 |wsource #(. dc(0), . type("dc")) ¥6 (cds_globals. “WSS!
— 114 cds_globals. wgnd! )
& 1 a3l
0 116 |wsource #(. dc(l.8), . type("dc")) ¥4 (cds_globals “WDD! , £
'|@| “ 0% 0 objects selected [
1 1
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3. Scroll down to see the AICM_1leafl instances, I0 and I1.

=

Source Browser 2 -

Sim¥ision [ .. /ams/config/netlist/netlist vams]

[ [l

File Edit Niew Select FEormat

Simulation  Windows Help

cadence

@ mrREREHEE

i, J Search Times: | Value ~/ |

n Eige R

i =

-+

e o
G 2
.».r§ ﬁ'\»..

b 2|

Bouetie Sonilly

Scope:; I {} AlICM_InhConn

110
111
112
113
114
115
1lle
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

jgl=lals]la]v]els

waource #(. doi{d. 3)

waource #(. dc(0]),

waource #(. doil. 8)

waource #(. dc(0),

ATICM leafl (+
[0:0] = { "wdd" };
) I0 § IO out 18,
ATICM leafl (*
[0:0] = { "wdd" };
#) I1 § Il out 18,
endmodule

. .type("dc")) ¥2 (cds_glebals. “wdd33l |,

cds_globals. gnd! )

ctype("dct)) Ve (cds_globals. WWSS1

cds_globals. wgnd! ) ;

. .type("dc")) ¥4 (cds globals. “WDD! ,
cds_globals. dgnd! )

ctype("dct)) V5 (cds_globals. wss!

cds_globals. wgnd! )

integer cds_net set

integer wdd = "cds_globals. daeddS1 "

nets);

integer cds_net set

integer wdd = "cds_globals. “aedd33l oo

netd);

X

J

4

a5

[ 0%

|D objects selected [

The AMS netlister translates netSet properties into cds_net_set attributes in the
Verilog-AMS netlist. Notice that vdd has the value vdd5s! in instance 10 and value
vdd33! ininstance I1.

Note: You can expand AICM_InhConn in the Design Browser and similarly view the
cds_net_set attribute for 10.128 by clicking /10 (AICM_leaf1).
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Using SimVision to Investigate AICMs

AICM stands for automatically-inserted connect module. The elaborator automatically
inserts inherited connection connect modules that have appropriate power supply values
wherever analog and digital design units connect. To use SimVision to investigate AICMs in

this tutorial example, do the following:

1. In the Console window, type the following scope command:

scope -—-aicm -recur -all

The program reports having inserted ten connect module instances, both to the Console

window:
I I
_|| Console — Sim¥ision | a |_||}$|
Eile Edit Miew Simulation Windows cadence
iy 8| Tedt Search: | [~
B e
-0 GBS Eaoeo ® & €2
inzserted across signal: AICM InhCornn. I1.IZ8. A ook, Y
and ports of discipline: logic.
Instance: AICM InhCGorn. I1.241 in LZE 1 inhconn  logic (merged) is:
instance of connect module: L2E_1_inhconn,
inserted across signal: AICM InhCornn. I1. Al in,
and ports of discipline: logic.
Instance: AICM InhCorn. I1.A41 owt  EZL inhconn logic (merged) is:
instance of connect module: EZL_inhconn,
inserted across signal: AICM InhConn. I1. Al out,
and ports of discipline: logic.
Instance: AICM InhCGonn. neth  EZL inhconn  logic (merged) is:
instance of connect module: EZL_inhconn,
inserted across signal: AICHM InhConn, neth, |
and ports of discipline: logic. |
Instance: AICM InhCGonn. netd  EZL inhconn  logic (merged) is: | |
instance of connect module: EZL_inhconn, |
inserted across signal: AICHM InhConn, netd, |
and ports of discipline: logic. |
nosims | 1
¥
'| = . i
.l, S
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and to the irun. log file:

] I
= f’net,’cicsol2Eldfexport,’home,’selvats:’cicftestcases:’shweta,’mg.ﬁ.MS:’MultiF’\l 4 |J B
Eile Help cadence
instance of connect module: L2E_1_inhconmn,
inserted across signal: BTICH InhConn.
and ports of discipline: logic.
Instance: AICM InhConn. I0.IZ28. & out_ E2L_inhconn logic (merged) 1s:
instance of connect _module: E2L_inheonm,
inserted across signal: ATCH_InhConn.
and ports of discipline: logic.
Instance: AICM InhConn. I0 A1 in LEE 1 inhconn  logic (merged) i1s:
instance of connect module: LZE_1_inhconn,
inserted across signal: ATCM_InhCormn.
and ports of discipline: logic.
Instance: AICM InhConn. I0. A1 oot E2L inheonn  logic (mecged) is:
instance of connect module: EZL_inheonn,
inserted across signal: AICM_InhCorn.
znd ports of discipline: logic.
Instance: AICM InhConn. I1.I28. & in LZE 1 inhconn  logic (merged) is:
instance of connect module: LEZE_1_inhconn,
ingerted across signal: ATCHM TInhCornn.
and ports of discipline: logic.
Instance: AICM InhConn. I1. I28. & out_ E2L_inhconn logic (merged) is:
instance of connect module: EZL_inheonn,
inserted across signal: ATCH InhCorn.
and ports of discipline: logic.
Instance: AICM InhCorn. I1. A1 in LEZE 1 inhcormn_ logic (merged) is:
instance of connect _module: L2E_1_inhconmn,
inserted across signal: BTICH InhConn.
and ports of discipline: logic.
Instance: AICM InhConn. I1. A1 out  E2L_inhconn_ logic (mecged) is:
instance of connect _module: E2L_inheonn,
inserted across signal: ATCH_InhConn.
and ports of discipline: logic.
Instance: AICM InhConn.neth  E2L inhconn  logic (merged) i1s:
instance of connect module: EZL_inhconn,
inserted across signal: ATCM_InhCormn.
and ports of discipline: logic.
Instance: AICM InhConn.netd  ESL inhconn  logic (merged) is:
instance of connect module: EZL_inheonmn,
inserted across signal: AICM_InhCorn.
znd ports of discipline: logic.
€ ] -
7
I I I—
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Using SimVision to Verify Simulation Results

To use SimVision to verify simulation results, do the following:
1. In the Design Browser, click 10 (AICM_leaf1).

Signal names appear on the right side of the window.

- Design Browser 1 — Sim¥ision I |Ji)\§|

File Edit Miew Select Explore  Simulation  Windows Help cadence
Fut]onxbbXxe @+ " RELEBEE
|, [Timea -| - [0 Bps - | p2-| @ o || search Times: [vae ~|| Ma, a
pr—— n
: ".E-V-alue -(as- r-ec-nrded.)
; % Y
o &1_in 0y
_ b a1_out ov
=4} AICM_InhConn @ Dz_out -
| =20 W 3] o[l D3_out x
, netd__EZL_inhconn__logic
neta__EZL_inhconn__logic %]
; e F o cds_globals E]
| Leaf Filter: |* M & E] v
[0 snow conterts | n the signal istarea v| || = CE
e S T VD Pl TR T Iﬁl@lﬁlﬁlﬁlﬂ F”terlﬁ
2. Shift-click to select both A7_in and A7_out at the same time.
3. Click the Send To Waveform icon.
4. In the Design Browser, click 128 (AICM_leaf3).
5. Shift-click to select both A_in and A_out at the same time.
6. Click the Send To Waveform icon.
7. In the Design Browser, click 128 (AICM_leaf3).
8. Shift-click to select both A7_in and A71_out at the same time.
9. Click the Send To Waveform icon.
10. Click the Play button.
11. When the simulation finishes, you can zoom to see the waveforms.
March 2014 153 Product Version 6.1.6

© 1999-2014 All Rights Reserved.



Virtuoso AMS Designer Environment Tutorials
Using Inherited Connections for Multiple Power Supply Design

\l/ Tip
Be sure to zoom out fully to fit data along both the X and Y axes.

= Waveform 1 - SimVision B
He Edt Vew Eglore Fomst Simuion Windows Help cadence
|8s | @ & - | |- Fh ® Y1 BEEE
| search Names: Slgnal Seérch i TP A N Zoom flt X and Y

. [ Times ~ _.2000" - ﬂ B g_‘n .- Q. : g . ﬁa 2000ns + 0| | Time: % [0 z000ns '. . .n :;

x® D] Baselinev=0

L h [-F| Cursor-Baseline »= 2000ns
Dh::Path.Mame - Cursar = 0 200ns 400ns BOOns g00ns 1200ns 1400ns

ACK_InhConn.l0.A1_infl-4. 142 =3

BOE a°I !

4_InhCann.

4_InhCann.

The final simulation results show the “high” and “low” levels of the pulses, which are
correct and allow proper translation from digital to analog and back again.

I
—TN

Ly Tip
* You can turn on cross-probing between the schematic and SimVision by choosing
Options — Editor in the schematic editor and selecting the on radio button for
Cross Selection. When you select a net on the schematic, SimVision highlights the
corresponding signal waveform.
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Using Digital Disciplines for Multiple
Power Supply Design

A mixed-signal design with multiple power supplies has nets of different domains (continuous
and discrete) crossing analog/digital boundaries. The program needs to know how to convert
the signal values. For example, does a logic 1 digital net become a 2.5-volt analog net or a
1-volt analog net? Does an electrical value of 1 volt become a logic 0 or a logic 1?

AMS Designer lets you use discipline- based connect rules and connect modules, and specify
the discipline definition in the Virtuoso® Schematic Editor before simulating from the Virtuoso
Analog Design Environment (ADE). This method has the following advantages:

B You do not need a global signal, neither in the connect modules nor in the design.

B You can have different ports with different supplies in the same cell with no leaf schematic
under the cell.

B You can have more than one set of parameter values (for vth, tr, tf, and so on) in your
connect rules file.

See the following topics for tutorial details:

m Getting Started on page 158

B Preparing Connect Modules, Connect Rules, and Discipline Definitions Using a Text
Editor on page 159

B Preparing Connect Modules, Connect Rules, and Discipline Definitions Using the Select
Connect Rules Form in the Environment on page 162

m  Specifying the Default Digital Discipline in the Schematic Editor on page 182

B Selecting Connect Rules to Use on page 188

See also

B "Using Block Based Discipline Resolution for Multiple Power Supply Design" in the
Virtuoso® AMS Designer Simulator User Guide

March 2014 157 Product Version 6.1.6
© 1999-2014 All Rights Reserved.



Virtuoso AMS Designer Environment Tutorials
Using Digital Disciplines for Multiple Power Supply Design

m “Using Inherited Connections for Multiple Power Supply Design” on page 137

Getting Started

/ Important

Before starting this tutorial, see “Before You Begin” on page 13.

To begin, do the following in the MultiPowerDis directory:

1. Source the setup file:

source sourceme

The sourceme file sets the CDIR environment variable to your current directory:
setenv CDIR "pwd’

2. Start Cadence software:

virtuoso &
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Preparing Connect Modules, Connect Rules, and
Discipline Definitions Using a Text Editor

Cadence provides a set of connect modules (CMs) and connect rules in the IUS installation
hierarchy:

your_IUS_install_dir/tools/affirma ams/etc/connect 1lib

You can create a custom file that contains connect rules, connect module parameters, and
discipline definitions to suit your multiple power supply design requirements.

In AMS Designer, the default digital discipline is 1ogic and the default analog discipline is
electrical. You can create custom disciplines that contain information about the power
supplies in your design. The elaborator uses block-based discipline resolution (BDR) to
determine which part of the design has which power supply.

To create custom connect rules, connect modules, and discipline definitions, do the following:

1. Copy the template connect rules file (ConnRules* .vams) from the connect_1ib
directory in the installation hierarchy to your local area. For example:

cp SAMSHOME/tools/affirma ams/etc/connect lib/ConnRules5.vams .

2. Save the file under another name, such as ConnRules_discipline.vams.

Note: This is the name of the file we have created for this tutorial example.
See . /myconnectLib/ConnRules_discipline.vams.

3. Customize the connect module parameters (such as vsup, Vthi, and so on) according
to the what is required for your design.

For this example, we type the parameter values directly in the connect module calls, such
as connect L2E #( .vsup(l.2), .vthi(0.6), .vtlo(0.3), and soon.

Optionally, you can do this by specifying " define parameters for the different power
supply values. For example, you might define three different sets of vsup, vthi, and
vtlo for 1.0V, 1.8V, and 3.3V power supplies:

// Parameter Customization
‘define Vsupl 1.0

‘define Vsup2 1.8

‘define Vsup3 3.3

“define Vthil O
‘define Vthi2 1
“define Vthi3 2.2
‘define Vtlol O
“define Vtlo2 O
“define Vtlo3 1
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4. Create customized connect rules using custom disciplines.

For our example, the ConnRules_discipline.vams connectrules file contains all the
custom parameters, disciplines, and connect rules that the elaborator needs during
discipline resolution to detect the discipline pairs (such as logic_12 and electrical)
and insert the proper connect module with the proper power supply.

For digital ports or nets that have the custom discipline 1ogic_12, the program uses a
1.2-volt supply value such that the logic value of 1 on the digital side converts to 1.2 volts
on the analog side. For analog-to-digital conversions, the program uses the vthi and
vtlo threshold voltage values to determine whether to convert an analog signal to
logic 1 or logic 0. Because the vthi parameter for our example has a value of 0.6, the
program converts any voltage greater than 0.6 volts to logic 1. Because the vt1lo
parameter for our example has a value of 0.3, the program converts any voltage less than
0.3 volts to logic 0.

The default discipline is 1ogic, which translates to 2.5 volts on the analog side.

Here are the contents of my_connectLib/ConnRules_discipline.vams,
formatted for readability:

“include "disciplines.vams"
connectrules ConnRules discipline;

// logic_ 12 discipline section, logic 1 -> 1.2V
// These rules are for connections between discipline logic 12 and electrical

connect L2E # (
.vsup(l1.2), .vthi(0.6), .vtlo(0.3), .tr(0.4n), .tf(0.4n),
.tx(0.4n), .tz(0.4n), .rlo(200), .rhi(200), .rx(40), .rz(10M))
input logic_12, output electrical;

connect E2L #(
.vsup(1.2), .vthi(0.6), .vtlo(0.3), .tr(0.4n))
input electrical, output logic_12;

connect Bidir #(
.vsup(1.2), .vthi(0.6), .vtlo(0.3), .tr(0.4n), .tf(0.4n),
.tx(0.4n), .tz(0.4n), .rlo(200), .rhi(200), .rx(40), .rz(10M))
inout electrical, inout logic_12;

// default section, logic 1 -> 2.5V
// These rules are for connections between the default discipline (logic)
// and electrical

connect L2E #(

.vsup(2.5), .vthi(l1.75), .vtlo(0.75), .tr(ln), .tf(ln),
.tx(1n), .tz(ln), .rlo(200), .rhi(200), .rx(40), .rz(10M)) ;
connect E2L #(
.vsup(2.5), .vthi(l1.75), .vtlo(0.75), .tr(ln)) -
connect Bidir #(
.vsup(2.5), .vthi(l1.75), .vtlo(0.75), .tr(ln), .tf(ln),
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.tx(1ln), .tz (ln), .rlo(200), .rhi(200), .rx(40), .rz(10M)) ;

endconnectrules

Note: The default discipline (1ogic) and our custom discipline (1ogic_12) are of
discrete domain. The program uses the following discipline definitions:

discipline logic 12
domain discrete;
enddiscipline

discipline logic
domain discrete;
enddiscipline
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Preparing Connect Modules, Connect Rules, and
Discipline Definitions Using the Select Connect Rules
Form in the Environment

To prepare connect modules, connect rules, and discipline definitions using the Select
Connect Rules form in the environment, do the following:

1. In the CIW, choose Tools — ADE L — Simulation.

The Virtuoso® Analog Design Environment window appears.
2. Choose Setup — Design.

The Choosing Design form appears.

3. Select the following:

Form Field Value

Library Name worklib

Cell Name foo_top

View Name config
4. Click OK.

5. Choose Setup — Simulator.

6. Verify that ams appears in the Simulator field.
The Project Directoryis . /simulation.

7. Click OK.

8. Choose Setup — Connect Rules.

The Select Connect Rules form appears. Built-in and ConnRules_18V_full_fast
appears in the List of Connect Rules Used in Simulation.

We will demonstrate the following tasks:

1. Selecting the ConnRules_18V_full_fast Built-In Rules to Customize on page 164
2. Customizing the L2E_2 Connect Module for the 1.2-Volt Supply on page 166
3. Customizing the E2L_2 Connect Module for the 1.2-Volt Supply on page 168
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Customizing the Bidir 2 Connect Module for the 1.2-Volt Supply on page 169

Copying Custom Connect Rules for the 1.2-Volt Supply to my_connectLib on page 170
Selecting the ConnRules_5V_full_fast Rules to Customize on page 171

Customizing the L2E_2 Connect Module for the 2.5-Volt Supply on page 174
Customizing the E2L_2 Connect Module for the 2.5-Volt Supply on page 176

Customizing the Bidir_2 Connect Module for the 2.5-Volt Supply on page 178
Copying Custom Connect Rules for the 2.5-Volt Supply to my_connectlLib on page 180

© © ® N o a »
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Selecting the ConnRules_18V_full_fast Built-In Rules to Customize

To select and customize the ConnRules_18V_full_fast built-in rules for our 1.2-volt
supply, do the following on the Select Connect Rules form:

1. Select the row containing Built-in ConnRules_18V_full_fast.

o §

ams0:- Select Connect Rules | o |_|i.;$|

List of Connect Rules Used in Simulation

Type Rule Mame Details

Built-in ConnRules_18%_full_fast Lib:connecilib Yiew:connect

o
il

il i

L Etighle J\ Disable ,J\ Delete J:\Hename...};\ Copy.. Jk [ Jk i j;\Customme.

Built-in and Customized rules |

Fules Mame LcunnectLib.CnnnHules_‘lEiv_full_fast n Wi I

! Description This is the description for ComnRules 18¥ full fast i'.lCL,lstDmiZE...- |

|
I (. &dd
[
R
[N

: B B i : ' 5 g___
[ m Cancel J(_&pply J( Help |
L L

2. Click Customize.
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The Customize Built-in Rules form appears.

— ams0: Customize Built-in Rules | 4]
Description n1s 15 the description for ConnBul
Connect Module Declarations
kdodule kdode Farameter/alues
LeE_& viup=1.8 tr=0.2n ff=0.2n rlo=200 rhi=200 r«<=40 rz=10
EeL_& wsup=1.8 vthi=1.2 vilo=0.6 tr=0.2n
Bidir_z wsup=1.G vthi=1.2 wtlo=0.6 tr=02n tf=0.2n rlo=200 rhi=Z0
E:ZR vielta="Vsup/B4 viol="Vdelta/d tol=Tr/20
REE vielta="vsup/Bd tr=Tr20 tf="Tr/20 rout=200
- CO icdir PR P L L W PR = =3 BT =1 P [
=B 11l M_
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Customizing the L2E_2 Connect Module for the 1.2-Volt Supply

The L2E_2 connect module has a 1ogic inputand electrical outputinterface. To specify
a logic_12 input instead, and to modify the connect module parameters, do the following:

1. Inthe Connect Module Declarations table, select the row containing L2E_ 2.

ams0: Customize Built—in Rules

[ER S

Description

Caonnect kModule Declarations

This is the description for ConnRules_18V_full fast

rode

Ecl_¢2
Bidir_2
EzR
RZE_2

- O liriv
£ I

Farameteralues

vsup=1.6 vlo=0tr=0.2n tf=0.2n rlo=200 rhi=200 r«=40 rz=
vsup=1.G vthi=1.2 vllo=0.6 tr=0.2n
vsup=1.G vthi=1.2 vllo=0.6 vlo=0 tr=0.2n tf=0.2n rlo=200
vielta="vsup/Gd viol="vdeltasd ttol="Tr/20
wsup=1.6 vdelta="vsup/Gd tr="Tr/20 ti=Tr/20 rout=20C

IR N e WP NAT Y =¥ MRt 1|

Lo

_\View connect module., | & Wiew defines. |

i Cannect Resolutions... . |

Mode | B
Farameters
Farameter Walue
YELP 1.4
wio a
tr 0.Zn
f 0.zn
rlo 200
rhi heduin]
: {1111
Paramster. T
Direction1” | B Disciplinel | logic_12
DirectianZ | B Disciplinez | electrical]

m. Cancel - Apply L Disciplines..

JlaHeln T
L
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2. Inthe Direction and Discipline fields near the bottom of the form, select or type the

following:

Form Field Value Form Field Value
Directiont input Discipline1 logic_12
Direction2 output Discipline2 electrical

3. Inthe Parameters table, do the following to customize the connect module parameter
values for this example:

a. Select the parameter you want to change.

Its name appears in the Parameter field. Its value appears in the Value field.
b. In the Value field, click and drag the mouse to highlight the value for editing.
c. Type the new value.
d. Click Change.

Change the following values:

Parameter Value Change it to
vsup 1.8 1.2
tr 0.2n 0.4n
tf 0.2n 0.4n
vthi 1.2 0.6
vtlo 0.6 0.3
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Customizing the E2L_2 Connect Module for the 1.2-Volt Supply

The E21_2 connect module has an electrical input and a 1ogic output interface. To
specify a 1ogic_12 output instead, and to modify the connect module parameters, do the
following:

1. Inthe Connect Module Declarations table, select the row containing E2L_2.

2. Inthe Direction and Discipline fields near the bottom of the form, select or type the

following:

Form Field Value Form Field Value
Direction1 input Discipline1 electrical
Direction2 output Discipline2 logic_12

3. Inthe Parameters table, do the following to customize the connect module parameter
values for this example:

a. Select the parameter you want to change.

b. In the Value field, click and drag the mouse to highlight the value for editing.
c. Type the new value.

d. Click Change.

Change the following values:

Parameter Value Change it to
vsup 1.8 1.2
vthi 1.2 0.6
vtlo 0.6 0.3
tr 0.2n 0.4n
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Customizing the Bidir_2 Connect Module for the 1.2-Volt Supply

To customize the Bidir_2 connect module to use the custom logic_12 discipline, and to
modify the connect module parameters, do the following:

1. Inthe Connect Module Declarations table, select the row containing Bidir_2.

2. Inthe Direction and Discipline fields near the bottom of the form, select or type the

following:

Form Field Value Form Field Value
Direction1 inout Discipline 1 logic_12
Direction2 inout Discipline2 electrical

3. Inthe Parameters table, do the following to customize the connect module parameter
values for this example:

a. Select the parameter you want to change.

b. Inthe Value field, click and drag the mouse to highlight the value for editing.
c. Type the new value.

d. Click Change.

Change the following values:

Parameter Value Change it to
vsup 1.8 1.2
vthi 1.2 0.6
vtlo 0.6 0.3
tr 0.2n 0.4n
tf 0.2n 0.4n
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Copying Custom Connect Rules for the 1.2-Volt Supply to my_connectLib

To save the connect rules we customized in the previous steps and copy these connect rules
to my_connectLib, do the following:

1. On the Customize Built-in Rules form, click OK.
The Select Connect Rules form appears.

The custom connect rules for the 1.2-volt supply we created by modifying the
ConnRules_18V_full_fast built-in connect rules appear in the List of Connect
Rules Used in Simulation as Modified built-in, ConnRules_18V_full_fast1.

Ll
<]

T
4| ams0: Select Connect Rules

List of Connect Rules Used in Simulation

D)

Type Rule Mame Details

rodified built-in ConnRules_18%_full_fastl Lib:connectLib Yiew:connect

‘il i B

Etiahle Bigable booBeleted] bBehaies aGnnit ) | (]} P Do fCustomizes:|
L A \ N N 7K N S

[l m Cancel )l apply. )i Help ]
1

2. Click Copy.

The Copy Connect Rules form appears.

— amsd: Copy Connect Rules | - f€|
Cgpy to File n
File |

Rules Mame  ConnBules 18V full fastl

L Sancel J| Apply J| Browse.. J| Help |
1

3. Inthe File field, type . /my_connectLib/ConnRules_my_ 12V.vamns.
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4. Inthe Rules Name field, type ConnRules_12V_discipline.

_|| amz0: Copy Connect Rules | 4 |Ji}$|

Copy tn |File n

File ’mectLibennIEUles_my_lw. vams |

Library
Rules Mame  ConrFules 12V discipline

m Lcancel JI Apply JI Browse.. ]I Help J_
L |

5. Click OK.

Note: Cadence provides this file in my_connectLib, so a prompt appears asking
whether you want to overwrite the existing file. You can choose to overwrite the file or
click No and Cancel at this point.

Selecting the ConnRules_5V_full_fast Rules to Customize

We will modify the 5-volt built-in connect rules to create a custom set of rules for our 2.5-volt
supply. Because this example has only two supply values (1.2-voltand 2.5-volt), we do not
need another custom discipline for the 2.5-volt connect rules: We can use the default
discipline (Logic).

To select and customize the ConnRules_5V_full_fast built-in rules for our 2.5-volt
supply, do the following on the Select Connect Rules form:
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1. In the Built-in rules group box, use the Rules Name drop-down combo box to select

connectLib.

ConnRules_5V _full _fast.

|

amz0: Select Connect Rules

L Enable 8 &

B

Dizable J & Delete J & Rename.. & Copy Lp o [T " ikCustnmlze...j

J K

Built-in and Custamized rules

Rules Mame Lcu:unneu:tLih.ConnF!uIes_EV_fuII_fast n Ay e
Description This is the description for CormRules_SV_fuj:i:f;;t;mmmm"m | Customize.. |
| Add |
I m\ Cancel - &pply. )L Help T
2. Click Add.
Built-inand ConnRules_5V_full_fastappears in the List of Connect Rules Used in
Simulation.
| I
) amsl: Select Connect Rules | 4 |J|}$|
List of Connect Rules Used in Simulation
@

Type

Eui

Wodified built-in - ConnRules_18yv_ful_fast

Rule Name Details

Lib:connectLib Viewconnect
Lik:cannectlib View:.connect

It-in ConnRules_av_full_fast

5 : I ]
. Efiahle i & Dizable )L [Helete jiHename...Jk {0 55 4 | (]} i [T j,kCustnmlze...j
m. Cancel L Apply. ) Help 1
L
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3. Select the row containing Built-in ConnRules_5V_full_fast.

I T
4| ams0: Select Connect Rules | a |_|

4
List of Connect Rules Used in Simulation
S =)
Type ¥ Rule Mame JD_etaiIs

rodified built-in ConnRules_18%_full_fastl Lib:connectLib Yiew:connect
Built-in ConnRules_5Y Lib:connectLib Yiew:c

: :- 1111} ] :

k =k [ J L Disahle J L Delete _J L-F{ename...:j L Copy. J L Up ) k Do J "Lé:ustnmize..-:j

' Built-in and Custamized nilgs

‘Bules Mame ‘l._cUnnectLib.CDnnHuIes_EV_fuIl_fast ,' Puss 292 S (i)
D.ESCfi}.JtiD.n- . | This is the description for ConnBules &W full fast :'-.Custnmize...."
' add

oo mLCancel‘,L.ﬁ.pply‘;L v J_
AT |

4. Click Customize.

The Customize Built-in Rules form appears.

= ams0: Customize Built-in Rules |4 |_|i,—$|

Description This is the description for ConnBules EW full fast

Connect Madule Declarations o

Mocdule _JMode JPa_r_ameterNaIHes s i
LZE_2 WsUp=5.0 wlo=0tr=1n tf=1n rlo=200 rhi=200 r==40 rz=1
EcL_2 vsup=5.0 vthi=3.3 vllo=1.5tr=1n
Bidir_z wsUup=5.0 vthi=3.3 vllo=1.5 vlo=0tr=1n tf=1n rlo=200 rhi=

EZR wilelta="ysup/B4 wiol="Ydeltard ttol=Tr/20
R2E_Z vsup=0.0 vdelta="vsup/Gd tr=Tr/20 ti=Tr'20 rout=20
. :_J:D Ficlir o e lbs e A uhﬂW_

| " v = .':
lL\-fuaw [odn] ] | =L mndule...J L View defines.. J

mL-CanceI"}L Apply J'k. Disciplines.. JL Help ) |
1
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Customizing the L2E_2 Connect Module for the 2.5-Volt Supply

To customize the L2E_2 connect module parameters, do the following:

1. Inthe Connect Module Declarations table, select the row containing L2E_ 2.

= amz0: Customize Built=in Rules | J |_|i.:'\§|

Description. This is the description for ConnRules_Sv_full fast

Cannect Module Declarations

Farameter/ alues

wsup=0.0 vlo=0tr=1n tf=1n rlo=200 rhi=200 r<=40 rz=1I
Ysup=5.0 vthi=3.5 wlo=1.5 tr=1n

Ysup=5.0 vthi=3.5 wlo=1.5 vlo=0tr=1n tf=1n rla=200 rhi

EZR vielta="vsup/Gd viol="vdeltasd ttol="Tr/20
RZE_2 wsup=5.0 vdelta="vsup/G4 tr="Tr/20 t="Tr/20 rout=200
- CD  liddiv IRT: P N N TS =%, IR 11 | far

£ I

_\View connect module., | & Wiew defines.: |
Mode | B
Farameters
Farameter Walue
YELP 5.0
wio a
tr n
i n
rlo 200
b heduin]
: il
Parameter. T

Direction1 | B Disciplinel =
DirectionZ | B Discipline?

i Cannect Resolutions... |

m. Cancel )l Apply o Disciplines.... ) Help ,-_
I

2. Inthe Parameters table, do the following to customize the vsup connect module
parameter value for this example:

a. Select vsup.

Its name appears in the Parameter field. lts value appears in the Value field.
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b. In the Value field, click and drag the mouse to highlight the value for editing.
c. Type 2.5.
d. Click Change.
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Customizing the E2L_2 Connect Module for the 2.5-Volt Supply

To customize the E21L_2 connect module parameters, do the following:

1. Inthe Connect Module Declarations table, select the row containing E2L_2.

— ams(: Customize Built-in Rules | 44

Description This is the description for CornPules 5¥W full fast

Connect bModule Declarations

kAodule |Mnde Farameter alues

LZE_Z YEUp=2.5 tr=1n tf=1n tlo=200 rhi=Z200 r==40 rz=1 IZIM!r_1|
Y5Up=5.0 vthi=3.5 vtlo=1.5 fr=1n
Bidir_¢ weUp=5.0 vthi=3.5 vtlo=1.5 tr=Tn tf=1n rlo=200 rhi=Z00 r=
EZR vielta="Vsup/a4 viol="Vdeltasd ftol=Tr'z0
RZE vdelta="vsup/Gd tr="Tr20 f=Tr'z0 rout=200

- CD hidiv udalta s e n R el LT
I M .

-

Change J | e cunnectmndule...)

| \
hode B
Farameters
Farameter Walle
YELUp a.0
wihi 3a
wilo 1.4
tr n
FParameter | Chanoe |
(SRR

2. In the Parameters table, do the following to customize the connect module parameter
values for this example:

e. Select the parameter you want to change.
f. Inthe Value field, click and drag the mouse to highlight the value for editing.
g. Type the new value.

h. Click Change.
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Change the following values:

Parameter Value Change it to
vsup 5.0 2.5
vthi 3.5 1.75
vtlo 1.5 0.75
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Customizing the Bidir_2 Connect Module for the 2.5-Volt Supply

To customize the Bidir_2 connect module parameters, do the following:
1. Inthe Connect Module Declarations table, select the row containing Bidir_2.

2. Inthe Parameters table, do the following to customize the connect module parameter
values for this example:

a. Select the parameter you want to change.
b. In the Value field, click and drag the mouse to highlight the value for editing.
c. Type the new value.

d. Click Change.
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Change the following values:

Parameter Value Change it to
vsup 5.0 2.5
vthi 3.5 1.75
vtlo 1.5 0.75
_ll ams0: Customize Built=in Rules | a |_|i_)$|
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1.75 wilo=0.753 tr=1n

o=0 tr=1n tf=1n rlo=c00 tt
Wieltasd tol=Tr20
RZE_2 wsup=0.0 vdelta="vsup/Gd tr="Tr/20 tf="Tr/20 rout=20

" Parameters

™

- Parameter.  wtlo - Walue . 0,75 : Change |

o . @I _cancel)(_Apply J(_ Disciplines...
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Copying Custom Connect Rules for the 2.5-Volt Supply to my_connectLib

To save the connect rules we customized in the previous steps and copy these connect rules
to my_connectLib, do the following:

1. On the Customize Built-in Rules form, click OK.
The Select Connect Rules form appears.

The custom connect rules we created for the 2.5-volt supply by modifying the
ConnRules_5V_full_fast built-in connect rules appear in the List of Connect
Rules Used in Simulation as Modified built-in, ConnRules_5V_full_fast1.

I
_|| amszl: Select Connect Rules | ot |_||,$|
List of Cannect Rules Used in Simulation
m
Type |F~!u|e Mame |Detai|s i_
rodified built-in CannRules_18v_full_fastl Lib:connectlib View.connect Iz

rodified built-in ConnRules_av_full_fastl Lib:connectlib View.connect

“ i 3

Efiahle Bigalle s booBeletecd Benamess akinntan | Lip | o] [ Custemize:
. / \ \ s N k¥

m Cancel )i Apply. )l Help ]
1

2. Click Copy.
The Copy Connect Rules form appears.
3. Inthe File field, type . /my_connectLib/ConnRules_my_25V.vamns.

4. Inthe Rules Name field, type ConnRules_25V.

=] amsd: Copy Connect Rules | - f€|
Copy to File n
File mnectLib ComnBules my 25V wam:

Rules Mame  ConrBules 25V

cancel J| Apply )i Browse.. )| Help J_
| |
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5. Click OK.

Note: Cadence provides this file in my_connectLib, so a prompt appears asking
whether you want to overwrite the existing file. You can choose to overwrite the file or
click No and Cancel at this point.
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Specifying the Default Digital Discipline in the Schematic
Editor

To specify the default digital discipline in the schematic editor, do the following:
1. In ADE, choose Session — Schematic Window.
The schematic window appears.

Because ams appears in the Simulator field of the Choosing Simulator form in ADE, the
AMS menu appears on the menu bar in the schematic window.

2. In the schematic window, select the foo 10 instance and type e to descend into it.
3. On the Descend form, click OK.

4. Select instance foo20 and click the Zoom to Selected icon.
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5. Use Zoom In to get a closer view.

T T
—|¥irtuoso® Analog Design Environment L Editing: worklib faol schematic Config: worklib foo_top c:u:un-| 4 |J|)\§|

Launch File Edit ¥iew Create Check Options Migrate Window Hierarchy-Editor »céﬂence

I o~ >0 & ;EEWDrkspace: ADE L n =0 @@ ' -q% :lﬁ'% 1[% Iy T > |
I W0 O by IE

DR - 1 1 1

T gl o o

..................................

................

Cognd2E pll| 0 |gndtz_pn 0 0

mmouse L: schiingleselectPtd) kA gescrollinil "« nil) R: schHiMouseFopUply |
l2e | > | Cmd: Sel: 1 Status: Ready | T=27 C | Simulator: ams(Spectre)Mode: batch || I |
I

Note the following:

QO pre_pll_12 isan analog net that connects to a digital port, in12. The connect
modaule for this case is E2L_ 2 from connect rules ConnRules_12V_discipline.

If the voltage value on pre_pl11_12 is greater than
vthi = 0.6 V

the program converts the value on digital port in12 to logicl.
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The same is true for pre_vdd_12, which connects to digital port 2 on instance
buf_d5s.

Q pre_pll_25is an analog net that connects to a digital port, in25. The connect
module for this case is E21,_ 2 from connect rules ConnRules_25V.

If the voltage value on pre_pl1_25 is greater than
vthi = 1.75 V

the program converts the value on digital port in25 to 1logicl.

Q out25 is a digital port that connects to analog net post_pl1_25. The connect
module for this case is L2E_2 from connect rules ConnRules_25V.

The program converts a digital value of 1ogicl on out25 to voltage value 2.5 volts
Oonpost_pll_25.

Q outl2 is a digital port that connects to analog net post_pl11_12. The connect
module for this case is L2E_2 from connect rules ConnRules_12V_discipline.

The program converts a digital value of 1ogicl on out12 to voltage value 1.2 volts
Onpost_pll_12.

The same is true for digital port z on instance buf_d5, which connects to analog
net post_vdd_12.
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To specify 1ogic_12 as the default discipline for analog/digital boundaries with a 1.2-volt

supply, do the following:

1. In the schematic window, choose AMS — Default Discipline Selection — Instance

Terminal.

The Default Digital Discipline Selection form appears.

=] Default Digital Discipline Selaction | il
Specify discipline On
o Library o Cell ‘e Cell Terminal
 Instance & Instance Terminal  Met
Ty e Discipline Mame
£ i E
L &cld J & [Delete J _\Changel _\H|ghl|ghtj _\_LInH|ghI|ght.-‘-‘-.I_IJ
Discipline | Discipling... |
R
Instance Terminal | Select.. |
R
Copy From Celliew Copy To CellView
L% hy A Py '
I m . “ancel J| Apply J| Connect Rules || Help J__
1 1

2. Inthe Discipline field, type logic_12.
3. To the right of the Instance Terminal field, click Select.
The schematic window appears in the foreground.

4. Select instance terminal inl12.
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A selection circle appears around the instance terminal.

- Selected instance terminal

5. Return to the Default Digital Discipline Selection form and click Add.

—l Default Digital Discipline Selaction | il

Specify discipline On
— Library o Cell ~ Cell Terminal

— Instance ®& Instance Terminal o ket

Ty e Discipline |Name
Instance Terminal logic_12 Mool 0ffooZ0dfint 2

Add Delete | | Ghange| [Highiight] (UnHighlightan

b A

Discipline ’I | Discipline...
| —

Instance Terminal Select...
R

Copy From Celliiew Copy To Celltiew
e o =

I m Cancel Apply Connect Bules Help [
1
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6. Repeat Steps 1 through 5 for instance terminals foo20/out12, buf_d5/4, and

buf_d5/7.
— Dafault Digital Discipline Selection | o |25
Specify discipline Cn
s Library o Cell ‘e Cell Terminal
 Instance & |nstance Terminal - Met
Type Discipline rMame
Instance Terminal logic_12 Mool 0ffoog0dfint 2
Instance Terminal logic_12 Mool 0ffoog 0fout1 2
Instance Terminal logic_12 Mool 0sbuf_dada
Instance Terminal logic_12 Moo 0sbuf_dads
8 I B -
L &dd \ [elete J kChangeJ .kH|ghI|ghtJ kLInH|ghI|ght.-‘-‘-.II}
Discipline | Disciplineg... |
P | P
Instance Terminal Select...
L Copy From Celliew A Copy To CellWiew ]
I m _Sancel J| Apply J| Connect HulesJ\_Help_{_
1 1

7. Click Copy To CellView.

Note: This step enables us to use Copy From CellView at some future point.

8. Click OK.
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Selecting Connect Rules to Use

In “Preparing Connect Modules, Connect Rules, and Discipline Definitions Using a Text

Editor” on page 159, we created ConnRules discipline. In “Preparing Connect
Modules, Connect Rules, and Discipline Definitions Using the Select Connect Rules Form in
the Environment” on page 162, we created ConnRules 12V_discipline and
ConnRules_25V. You could choose either connect rules setup.

To load the state we will use for this example, do the following:
1. In ADE, choose Session — Load State.
The Loading State form appears.
2. In the State Name area, choose state_ams_no_setup.

This state contains basic setup information, such as the hd1 . var file and transient stop
time.

3. Click OK.
This setup uses the OSS-based netlister with i run.
See the following topics for information about how to select each set of connect rules:

m Selecting ConnRules_Discipline on page 189

B Selecting ConnRules_12V_Discipline and ConnRules_25V on page 191
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Selecting ConnRules_Discipline

For this example, we will select the ConnRules discipline we created in

“Preparing

Connect Modules, Connect Rules, and Discipline Definitions Using a Text Editor” on

page 159.

To selectthe my_connectLib/ConnRules_discipline custom connect rules to use, do
the following:

1. In ADE, choose Setup — Connect Rules.

The Select Connect Rules form appears.

2. If there are any built-in or modified built-in rules names from the List of Connect Rules
Used in Simulation, do the following:

T
=

amsl: Select Conkect Fules

List of Cannect Rules Used in Simulation

kdadified built-in
kdadified built-in

Lik:cannectlib Vi
Lik:cannectlib Vi

Efiahle i & Dizable ik Delate .iHename...Jk {0 55

4 | (]} i [T ] ,kCustnmlze.

m. Cancel )l Apphy |

Help 1
L

a. Select (highlight) the rules in the table.

b. Click Delete.

3. Choose User-defined(irun).

o Builtin o User-defined{ncvlog,hcelab, ncsim) & User-defined{irun)

The User-defined rules for irun group box becomes active.

Remember, we are using the OSS-based netlister with i run. User-defined rules for this
setup do not require a Virtuoso® database. The software reads and compiles the connect
modules when it reads and compiles your other source files.
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Note: User-defined rules for the cellview-based netlister with ncvlog, ncelab, and
ncsim must have a Virtuoso database, so you would have to compile the modules into
the Cadence lib/cell/view structure.

4. Click Browse.

5. On the Browser form that appears, navigate to and choose my_connectLib/
Conn_Rules_discipline.vams.

6. Click Open.

...my_connectLib/ Conn_Rules_discipline.vams appears in the Connect Rules/
Modules Files field.

zer-defined rules for irun

Rules Mames ConnFules discipline|

Connect Rules/todules Files exr_dis/my_cornnectLib/ConnBules discipline. wams

Browse...

Cancel Apply Help
1

7. Inthe Rules Names field, type ConnRules_discipline.

8. Click OK.

9. Proceed to “Simulating and Analyzing Results” on page 193.
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Selecting ConnRules_12V_Discipline and ConnRules_25V

For this example, we will select the ConnRules 12V _discipline and ConnRules 25V
we created in “Preparing Connect Modules, Connect Rules, and Discipline Definitions Usin
the Select Connect Rules Form in the Environment” on page 162.

To select the my connectLib/ConnRules_12V_discipline and my_connectLib/
ConnRules_25V custom connect rules to use, do the following:

1. In ADE, choose Setup — Connect Rules.
The Select Connect Rules form appears.

2. If there are any built-in or modified built-in rules names from the List of Connect Rules
Used in Simulation, do the following:

4i ams0: Select Connect Rules | & |_|i.;$|

List of Connect Rules Used in Simulation |

Type Rule Mame Details
rodified built-in CannRules_18%_full_fastl Lib:connectLib Yiewconnec

rodified built-in ConnRules_5%_full_fastl Lib:connectLib

‘il i B

J 1 (]} R B . }_,\Custnml:e...}

& Efiakle J Dizable | i Delete 1 F-!ename...).\ (68 155

[l m Cancel L Apply Help Il
1

a. Select (highlight) the rules in the table.
b. Click Delete.

3. Choose User-defined(irun).

« Builtin . User-defined{ncylog,ncelab ncsim)  ® User-defined(irun)

The User-defined rules for irun group box becomes active.

Remember, we are using the OSS-based netlister with irun. User-defined rules for this
setup do not require a Virtuoso® database. The software reads and compiles the connect
modules when it reads and compiles your other source files.
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Note: User-defined rules for the cellview-based netlister with ncvlog, ncelab, and
ncsim must have a Virtuoso database, so you would have to compile the modules into
the Cadence lib/cell/view structure.

4. Click Browse.

5. On the Browser form that appears, navigate to and choose my_connectLib/
ConnRules_my_12V.vams.

6. Click Apply.
7. Navigate to and choose my_connectLib/ ConnRules_my_25V.vams.
8. Click Open.

...my_connectLib/ ConnRules_my_12V.vams and ...my_connectLib/
ConnRules_my_25V.vams appear in the Connect Rules/Modules Files field.

9. Inthe Rules Names field, type ConnRules_12V_discipline ConnRules_25V.

/ Important

There is a space between the rules names.

10. Click OK.

11. Proceed to “Simulating and Analyzing Results” on page 193.
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Simulating and Analyzing Results

We have selected the AMS simulator (ams appears in the Simulator field of the Choosing
Simulator form in ADE), the OSS-based netlister with i run (the state we loaded is set up to
use OSS-based netlister with irun on the Netlist and Run Options form), and SimVision for
viewing and debugging our results (/nteractive (debugger) appears on the Netlist and Run
Options form). We have specified our custom connect modules, connect rules, and

disciplines (see “Preparing Connect Modules, Connect Rules, and Discipline Definitions

Using a Text Editor” on page 159 and “Specifying the Default Digital Discipline in the
Schematic Editor” on page 182 and “Selecting Connect Rules to Use” on page 188).

To simulate and analyze results using SimVision, do the following:
Note: Cadence provides the SimVision signal probing setup in the file, restore.tcl.sw.
1. In ADE, click the Netlist and Run icon.
SimVision windows appear.
2. In SimVision, choose Files — Source Command Script.
The Select SimVision Command Script browser appears.
3. Navigate to restore.tcl.sv in the starting directory, choose it, and click Open.
SimVision runs the setup script.
4. Click the Play button to run the simulation.

5. When the simulation finishes, be sure to zoom out fully to fit data along both the X and Y
axes.

6. Verify the results.
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