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Overview

This is a tutorial on how to get started with simulations using the the Mentor PADS 2009.1 design tool.
This tool can be used to simulate circuits using the DxDesigner schematic editor and the HyperLynx
Analog SPICE simulator. This tool is also used to create printed circuit boards using DxDesigner
schematic capture and PADS Layout. Information on creating printed circuit boards is covered in a
different tutorial

Contents

1) Setting up the Directory Structure and Launching DXDeSIGNEr .........cccvevviieieereiieeseeiieseese e seese e 3
2) Creating a Project for SPICE SIMUIALION .......coviiiiiiiii e 4
3) Creating a Schematics for SPICE Simulation (TranSient)..........ccccveeiieiieiesiese e 5
4) Running a SPICE Simulation (TFanSIENL)........cc.ecveiiieiiiie et see et te e sre et sre e sraennas 9
5) Creating a Schematics for SPICE SImulation (AC) .......cccooiiiiiniiieiee e 15
6) Running a SPICE SIMUITION (AC) ....oiuiiiiiiiiiieieie e 16
7) Creating SUDCITCUITS.......eiiuieie ettt e st et e st e et e s be et e e sbesae e teenseateeteeneesseeneenee e 18
8) Performing ParametriC SWEEPS. .....c.oiuiiiiiiriiiiei ettt bbbttt b ettt 21



1) Setting up the Directory Structure and Launching DxDesigner

A)

B)

C)

D)

Log onto the PC’s in the digital lab on 6" Floor Cobleigh (COBH 601).

Setup your directory structure (if your first time using DxDesigner)

- DxDesigner uses Projects to hold all of your schematics and simulation results. One
Project may contain numerous schematics and simulation results in addition to other more
advanced items. When you create a Project in DxDesgner, you will enter a project name
and it will create a new folder with the name you provided.

- to keep things organized, create a folder called “PADS_Projects” in which all of your
project subfolders will be created in. Subfolders will be created by DxDesigner when you
create projects within the tool.

Start DxDesigner using:

[Start] — Programs — Mentor Graphics SSD - Design Entry — DxDesigner.

You should see the following window appear:
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NOTE: Multiple versions of PADS can be installed on PC simultaneously. Check that
the version of DxDesigner is PADS2009.1 by performing:

Menu: Help - About
Enable the HyperLynx Analog Simulator by performing:

Menu: Setup - Settings



- On the left side of the window, highlight "Licensing".

- Now check the "HyperLynx Analog" box on the right side window to enable SPICE
simulations in this project.
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- Click "OK"

2) Creating a Project for SPICE Simulation

A) Create a New Project
Menu: File - New Project

- On the left side of the window, click on "HLA Library" to enable SPICE libraries in this
project.

- In the "Name" field, enter a descriptive name for your project such as

"EE461 HW and_Labs SPICE". Notice that putting " SPICE" will make it easy to see
that this project is for SPICE simulations. Remember, multiple schematics and
simulations can be created within this project.

- In the "Location" field, browse to your "PADS_Projects" directory.

- In the "Layout Tools" field, select "PADS9.0
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- Click "OK"

3) Creating a Schematics for SPICE Simulation (Transient)

A)

B)

C)

Create a New Schematic
Menu: File - New - Schematic

- Under the "Project” tab, you will now see a "Designs" folder. Expand this folder and the
"Designl" folder beneath it.

- You will see a new schematic called "Schematicl”. Rename this schematic to something
descriptive. Each schematic can only contain one SPICE circuit. Name each schematic
that you create with a descriptive name not only indicating what the circuit it, but also
what type of simulation it is performing. Affix a suffix such as” TRAN","_AC", or

" DC" to indicate what time of simulation the circuit is to be used for.

For this example, change the name from "Schematicl" to
"Labla_RC_Circuit_Step TRAN"

NOTE: This tool automatically saves each time you perform an action. As a result you
do not need to manually save your design.

Make the Symbol Libraries Visible
Menu: View - DxDatabook

- This puts a new window at the bottom of DxDesigner that contains all of the SPICE parts
you will be able to use in your schematic.

Make the Properties window visible
Menu: View - Properties

- This puts a properties window on the right of the DxDesigner window. This window
will allow you to alter the properties of the components you enter in your schematic.
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D) Enter a Schematic (A simple RC Circuit)
- Enter a voltage source

- In the DxDataBook window at the bottom of the DxDesigner window, click on
the "CL View" tab. This will show the available symbol libraries for simulation.

- Scroll down to the "SpicePrimative™ library and expand it by clicking on the +
sign.

- Scroll down in the SpicePrimative library until you see the "v_pulse™ symbol.
Click on it and you will see its symbol show up in the preview panel (bottom right).

- Click on the "Place Symbol" button above the preview panel. The component
will attach to your mouse. Click in the schematic sheet to place the component.

- Right Click to end the placement command.

- Click on the v_pulse component and set the following parameters in the parameter
window (right side of window)

Name =V1
T DELAY  =100ps
T FALL = 1ps
T PERIOD =1ns
T_RISE = 1ps

T WIDTH  =500ps
V_FINAL =1v
V_INITIAL =0v



NOTE: If you check the box for the individual parameter, it will display on the
schematic.

- Enter a resistor

- In the SpicePrimative library, highlight the "r" symbol and click "Place Symbol"
in the symbol preview pane.

- Click in the schematic window to place the component then right click to end.
- In the parameter pane, set the resistor parameters to:

Name =R1
Value =50

- Enter a capacitor

- In the SpicePrimative library, highlight the "¢ symbol and click "Place Symbol™
in the symbol preview pane.

- Click in the schematic window to place the component and then right click to end.
- In the parameter pane, set the resistor parameters to:

Name =C1
Value = 1pF



NOTE: You can rotate the symbol by highlighting it, then right clicking and
selecting "Rotate"

- Enter a GND connection
- Click on the "Ground" icon in the Add toolbar along the top of the screen.
When you click on the this icon it will expand into a dropdown menu,
select "builtin:gnd.1".

- Place the ground symbol in the schematic and right click to end.

- Position the components into a an easy-to-connect circuit formation. You can
move components by clicking and holding a component, then moving.
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- Add nets to the circuit

Menu: Add - Net (or press the "n™ button)

- You enter nets by clicking-and-holding. Start the net at the pin of a device and
drag it to the destination pin.

- Wire up the entire circuit
- Name the nets of the circuit
- Click on the net between V1 and R1. In the parameters window, enter: Vin

- Click on the net between V1 and R1. In the parameters window, enter: VVout



4) Running a SPICE Simulation (Transient)

A) Netlist the Design
Menu: Simulation - Netlist (or click the "Netlist Design™ icon)

- In the menu that appears, you can select the simulation options. Most of the time you
can accept the defaults. Ensure that the Target Simulator is set to HyperLynx Analog

- Click "OK"

- You will see the status of the netlist appear in the Output panel. This is where you will
be notified of any netlisting errors.

- The result of the netlist operation was the creation of a TestBench and a SPICE text
model of your circuit.

- Click on the "Simulation™ tab in the Navigator panel. Expand the TestBenches folder.
You will see a testbench named "Labla RC_Circuit_Step TRAN". Expand the "Files"
and "Spice Files" folders beneath it. You will now see the text SPICE netlist of your
circuit. Click on it and view the results. This file will be the first place to look if you
receive netlist errors.
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B) Simulate the Design

- In the Simulation tab of the Navigator panel, right click on the
"Labla RC_Circuit_Step  TRAN" testbench and select "Simulate™

Note: The first time you enter a circuit, you need to netlist the schematic in order to create
the TestBench. From then on, you can just perform a simulation command and it will
automatically netlist the circuit.

- the "Simulation Control" window appears. This is where you will setup the SPICE
simulation.

- On the left side of the window, highlight "Simulations”. On the right side of the
window you will enter the name of the file where the simulation information will

be contained. Give this the same name as your schematic (i.e.,

Labla RC_Circuit_Step. TRAN"). The name you give is arbitrary, but giving it

the same name as your schematic will make it easier to find your results later.

- On the left side of the window, highlight "Time-Domain Analysis". On the right
side, enter the following:

Enable = checked

Start Time = 0s

End Time =10ns

Tmax = 1ps (this is the simulation step size)

Printing Time Interval= 1ps

- By default, the simulator will record all voltages and currents for every node in
the circuit. If you want to only record specific information, you can set this up by
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highlighting "Results:time-Domain Waveforms" on the left and then checking the
nodes you wish to record. This becomes important when you are running larger
circuits and want to reduce simulation time.
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- Click the "Simulate" button.

C) View the Results

- A new window will appear called "EZwave", click on this to bring it to the front. On
the left of this window you will have a "Waveform List" which gives all of the simulation
database results. You will see the "Labla _RC_Circuit_Step. TRAN" results. Expand this
folder. Under this folder you will see the simulation type results (i.e., TRAN). Highlight
TRAN.

- By highlighting TRAN, you will now see all of the available simulation results that can
be displayed. You can add waveforms to the display panel either by double clicking or
dragging and dropping.

- Add the V(vin) and V(Vout) waveforms to the same plot.

NOTE: If you double click on the net names, it will create new plots for each net. You
can drag/drop the net names on the right side of the plot onto a different plot to get both
simulations results on the same graph.

- You can turn on the grid by performing:

Menu: View - Grid (or by clicking on the Grid icon)
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D) Take Measurements on the Waveform

- EZwave has built in measurement capabilities. You can measure the risetime of the
output waveform automatically using the "Measurement Tool"

Menu: Tools - Measurement Tool

- When the "Measurement Tool™ window appears, in the "Measurement” field, click on

the pre-defined measurement buttons (defaulted to Average). This will give a drop-down
of available measurements. Select "Risetime.

- Now highligh the V(vout) waveform in the main EZwave window.
Waveform”, field of the "Measurement Tool" window, click the "Add Selected

Waveform" button.

- You can set the definitions for the risetime measurement but it will default to 10% to

90%. Click "Apply"
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- The measurement will appear on the EZwave waveform. You can zoom in on the

measurement by clicking and dragging in the vertical direction on the plot to zoom in on

the voltage axis and horizontally on the time axis.

- The risetime should be ~110ps (i.e., 2.2t or 2.2RC)
- You can close the window
E) Perform an FFT of the Waveforms
- In the EZwave window, perform:
Menu: Tools - FFT
- Select the V(Vin) waveform as the "Source Waveform”

- Except the defaults and click "Apply"

- Now perform an FFT on V(vout) using the same procedure.
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- You can delete waveforms by highlighting them and clicking the "Delete" button.
Delete the phase for both waveforms.

- If you click on the “Advanced” button in the FFT Tool window, you can select
“Magnitude” instead of dB and Phase.

- If you perform:
Menu: Cursor — Add
you can continually add cursors.
- Within the EZWave view, you can change the background to white using:

Menu: Format — Color Scheme — White Background
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- Close the EZwave viewer. You can save your results, but it is often unnecessary for
small circuits because they can be recreated quickly. All of your results are stored in the
*.cmd file setup by the Simulation Control window you configured earlier.
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5) Creating a Schematics for SPICE Simulation (AC)

A) Create a New Schematic
Menu: File - New - Schematic

- This will be the second schematic in your project. When you create the schematic it will
appear under "Blocks".

- Rename this schematic to "Lablb_RC_Circuit_Step_AC"
B) Enter a Schematic (A simple RC Circuit)
- Enter a voltage source

- In the "SpicePrimative" library, place the "v" symbol and enter the following

parameters:
Name =V1
AC =1v

- Enter a resistor

- In the SpicePrimative library, place the "r" symbol and enter the following

parameters:
Name =R1
Value =50

- Enter a capacitor

- In the SpicePrimative library, place the "r" symbol and enter the following

parameters:
Name =C1
Value = 1pF

- Enter a GND connection

- Click on the "Ground™ icon in the Add toolbar and place "builtin:gnd.1".
- Add nets to the circuit

Menu: Add - Net (or press the "n™ button)

- Wire up the entire circuit and name the input net "Vin" and the output net "Vout"
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6) Running a SPICE Simulation (AC)

A) Netlist the Design
Menu: Simulation - Netlist (or click the "Netlist Design" icon)
- In the window that appears, ensure that the Target Simulator is set to HyperLynx
Analog. It will prompt you asking whether to make this design ACTIVE. Click "Yes".
DxDesigner will only simulate the ACTIVE testbench.
- Click "OK"

B) Simulate the Design

- In the Simulation tab of the Navigator panel, right click on the "Lablb_RC_Circuit AC"
testbench and select "Simulate"

- In the "Simulation Control" window, highlight "Simulations" on the left side of the
window and enter "Lablb_RC_Circuit_AC" for the experiment name.

- On the left side of the window, highlight "Frequency Analysis”. On the right
side, enter the following:

Enable = checked
Frequency Start =1k
Frequency Stop = 100G
Number of points =100
Variation type = Decade
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- Click the "Simulate™ button.
C) View the Results
- The "EZwave" window will appear, click on this to bring it to the front. On the left of
this window in the "Waveform List", expand "Lablb_RC _Circuit_ AC" and highlight
llACII
- Add V(Vout) waveforms to the same plot.

- You can delete the phase portion of the plot.

- On the right of the waveform, double click on the dB(V(vout)) expression. Edit the
expression to be db(V(vout)/V(vin)) in order to get the ration of Vout to Vin.

- Turn on the grid by performing:
Menu: View - Grid
- Add two cursors to the waveform:

- select the waveform

- Perform
Menu: Cursor - Add to add the first cursor
Menu: Cursor - Add to add the second

- Grab the second cursor and move it over to the frequency at which the response falls to
-3dB
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- the -3dB frequency should occur at ~3.1GHz. This corresponds to 1/(2nRC).

7) Creating Subcircuits

A) Create a new schematic

Menu: File — New — Schematic

- Rename the Subcircuit something descriptive. Consider naming all of your schematics
that will used as a Subcircuit for another circuit something with a prefix “SUBCKT .
That way it will be obvious which schematics are subcircuits. NOTE: You CANNOT
start a Subcircuit with a number, it has to be a letter.

- For this example, we will make a 35ps Gaussian step source. Call the schematic
“SUBCKT_Gaussian_Step 35ps”

B) Enter a schematic

- Enter the following circuit to implement a Gaussian step:
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(see below for zoom of the three main sections of this circuit)
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- For the output of this circuit, place a Port by doing:
Menu: Add — Port — Out — builtin:port_hier_o.1

- Name the Port “Vout”. This name will appear on the symbol
19




C) Create a Symbol
Menu: Tools — Generate Symbol

- Click “OK” on the Generate Symbol dialog to accept the default name. The name of the
symbol will be the same as the schematic

- The “Symbol Editor” window will appear with a symbol that was automatically created

for you. You can edit the symbol in this window if you want to rearrange the pin
locations, add text, or resize the symbol. If you are satisfied, save and exit this window.
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- The symbol you just created will be placed in your [local symbols] library and can be
placed in a higher level schematic just like any other part.
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8) Performing Parametric Sweeps

A) Enter the following Schematic

Ygeuee AR5 T1
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- We are now going to run a parametric sweep on CL sweeping its value from 1pF to
3pF in steps of 1pF.

B) Setup the Simulation

- Netlist and start the simulation as in a typical simulation.

- Setup the Transient Analysis to run from 0 to 1ns in steps of 1ps in the Simulation Control

window.
C) Setup the Parametric Sweep

- On the left side of the Simulation Control window, highlight
Multi Run - Multiple Sweep — Parametric Sweep

- Setup the following:
Type = Device
Name = Browse to “CL”
Parametric = VALUE
Step Type = Linear
Sweep Start = 3p
Sweep Stop =3p
No of Points =3

- Click “ADD”

- Click “Simulate”
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- This will run three separate simulations that can then be plotted on top of each other in

EZWave

- In EZWave, plot all three waveforms for Va. You can adjust the color and line width of

each waveform
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