
EE431 Lab 1 – CAD of VLSI Devices Lab 
Week 1: Schematic entry 

(Details of what is due at end of handout)  
 

IMPORTANT POINTS: 

 How to log into Linux box (Separate handout) 

 Basic Linux commands 

 Bringing up the software 

 Entering a schematic of a circuit 

 Simulating the circuit 

 Begin discussion about project 

 Tools used this week: Virtuoso, Spectre 
 
INTRODUCTION: 

The software we will use in this class is industry grade integrated circuit development software. 
The company that makes this software is Cadence Design Systems (http://cadence.com/). They actually 
didn’t make a bunch of it: They bought out quite a few other companies and integrated those 
companies’ software into their “IC design flow” suite. An IC design flow is something that takes you from 
the first stages of design entry to the final files that go to the fabricator. It’s called a flow because there 
are steps you flow through to get to those final files.  

The first few weeks we’ll be using a tool called Virtuoso. Virtuoso is part of the design flow 
software that provides a graphical user interface (no SPICE coding needed!) that lets you enter 
schematics, simulate and then do layout on your circuit. This week we’ll just be doing schematic entry 
and simulation. I say that we are using Virtuoso but Virtuoso calls other programs to do various jobs 
along the way and, in this class, we’ll be calling Spectre to do our simulations for us. 

In order to use the software you’ll need to learn a few basic Linux commands. There is a 
separate handout that tells you about logging into your account and describes the Linux commands you 
might need. To start the software you’ll need those commands but after the software is started, you’ll 
be using a graphic interface and can forget that you are on a Linux machine. 

The last thing we’ll do in this lab is have a discussion about what circuit you’ll be working on 
during the second half of the quarter. There will be four or five weeks of tutorials and then you’ll need 
to hit your circuit running. I’ll ask you about your interests and try to group you into like-minded people 
this first week. Here is a random list of ideas I came up with: 

• Analog: Amplifiers (revisit EE308 circuits?), ADCs, DACs, Hall effect sensor, FPAA, sample and 
holds, filters, oscillators, clock free ADC… 

• Digital: VLSI, architecture, standard cells, power management, FPGA, pipelining, arithmetic 
circuits, specialty circuits, asynchronous circuits, handshaking, speed/MCML/BER, arbiter… 

• Tattoo circuit scripts 
• Cold circuit scripts 
• Auto-placement of clock recovery signals (MS project) 
• EMG, nerve signal sensor nodes 
• COMM nodes for the sensor nodes 
• Mixed signal circuits: PLL, DLL, IO protection, isolation of supplies, IO pad circuitry 
• Design of test constructs: Quiet GND or supply, scan chain 
• Standard cell library (MCML or other logic family) 
• Memory (maybe optimized by area, power or speed): RAM, ROM, DRAM 

http://cadence.com/


• High-speed circuits (RF circuits, interconnect…) 
• Larger projects that are a combination of groups: Transceivers, digital networks (self-configuring), 

microcontrollers, microprocessors, electrodes, energy scavenging system (from E&M signals, 
induced signals, etc) 

• Software: Micro-controller, Micro-processor, SW/HW co-design 

• Analog multiplier/calculator (log anti-log multiplier) 
• PCELL with common centroid parameters or some other type of PCELL 
• Cadence SKILL scripts for analyzing sink number and concentration 
• Write a tutorial for one of the tools not covered in the tutorials I wrote 
• Chip design for whatever your MS or senior project is 

 
SCHEMATIC ENTRY AND SIMULATION: 
Today we’ll go through the basics of schematic entry and simulation. Read the “Things due” at the end 
of this handout before you start so you know what to screen capture as you go. 

1. Depending on your status, you may need to get an account from me (Tina). If you are a student 
in EE431, you’ll get a separate handout (Posted on PolyLearn). If you are doing research, come 
to me. If you aren’t on the Cal Poly network, you won’t be able to access the Cadence software 
through us but you’re welcome to use the documents posted at: http://ee-cadence.calpoly.edu/. 
Our new tech support rocks and we have planned to have individual accounts for Fall 2013 but 
for now we’re dealing with accounts person by person. If you are a student or doing research 
and have received an account, to log in, go to PolyLearn or ee-cadence.calpoly.edu and follow 
the instructions in the document called: “Starting up Cadence”.   

2. If you are using the machines before Fall 2013, you need to do an extra step every time you log 
in and in every terminal you open. For each terminal, cd to your directory (/home/usrN) and 
run “source SetupEE431” in the terminal. If you forget to do this there is a chance you could 
ruin other students’ work or even the Cadence software on that machine. 

To start Cadence Virtuoso (schematic and layout entry tool) enter: cad-ncsu.sh, 

cad-virt7.sh or cad-virt8.sh depending on what your status is (see  “Starting up 

Cadence” for more information) then  

 

 
 
 
 
 
 
 
 
 

http://ee-cadence.calpoly.edu/
http://ee-cadence.calpoly.edu/


SCHEMATIC ENTRY: (Note that the majority of this tutorial is written for those using AMI processes. 
Comments are added for those using a tech library other than AMI. Comments for other libraries are 
in parenthesize and are preceded by a “#” symbol)   

3. To start a project go to the main window: 
 

 
 
Then go to File  New  Library… 

 
 
Enter a name, set technology file to “attach to an existing technology library”, select directory (your 
/home/usrN directory) and click OK. This creates a bin for everything having to do with the project 
“TutorialScematic”. (I spelled it wrong in the screen capture above). 

4. Select a tech library. Depending on your status you will pick a different tech file. Pick the one 
that is appropriate. That would be either AMI06, AMI16, cmrf7sf, cmrf8rf or TSMC35. 

5. If the Library Manager didn’t come up, go to the main window and click on Tools  Library 
Manager… 

 



6. Select the library you made in step 3 and, in the Library Manager, go to File  New…  Cell 
View… Set a name for the schematic (SchematicLab1 or something like that) and set the type to 
schematic and application to Schematic L. Then click on OK. This will add a schematic to the 
library (project) you created in step 3. 
 

 
 

7. A window will open that says something about a license. You can click “Yes” on all of those that 
pop up while using the Cadence software. (But, of course, it’s always good to read the messages 
that pop up – The license messages can all be “Yes” though).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8. The schematic editing window will then come up. This is the window that will appear if you are 
using AMI06 or AMI16. If you are using a different technology, the window will be a little 
different. 
 
 
 
 
 
 
 
 
 
 
 
 

 
9. First let’s add a transistor to the schematic. Click on the “Add component” icon (you can select 

that from the Menus: “Create  Instance”). In the “Add Instance” window” click on “Browse”. 
Be careful because Virtuoso often displays windows behind other windows. You may think that 
something is taking a long time to come up but it might just be behind another window. When 
you click on “Browse” another window comes up: The “Component Browser”. In the 

Add 

component 

Draw 

wire 

Name 

wire 

Create 

pin Save and check 

(Do before 

simulating) 

NMOS/npn 

PMOS/pnp 

R/L/C 
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“Component Browser” select the library called: “NCSU_Analog_Parts”. (#If you are using either 
cmrf7sf, cmrf8sf or TSMC35, click on those libraries. Note that with the other tech libraries, the 
transistor “nfetx” is already displayed and you don’t need to go into “N_Transistors as described 
below. I suggest using nfetx and pfetx rather than nfet and pfet. Nfetx and pfetx are four 
terminal devices whereas nfet and pfet are three terminal devices with the substrate connection 
hidden). Do single click on N_Transistors”. When you click on that a list of “N” transistors. Select 
NMOS4. When you click on “N_Transistors” yet another window pops up: The “Add Instance” 
window.  So to summarize: 
Click on: “Add component”  “Browse”  “Component Browser”  “Library=” 
“NCSU_Analog_Parts”  “N_Transistors”  NMOS4.  

10. The “Add Instance” window is where you set the details of your component. It should have 
default values for Width and Length. If it doesn’t please enter 4u and 1.6u respectively. (#The 
default will be different for other processes). You can click on “Hide” or not but either way, 
when you bring the cursor over the schematic editor you should see a transistor following it. 
Wherever you click the mouse on the editor area a transistor will appear. Note the “Rotate”, 
“Sideways” and “Upside down” buttons on the “Add instance” window. You can change the 
orientation of the part using those buttons. If you place the part but decide later you want to 
rotate it or flip it you can use the rotate icon at the top of the window: 

 
NOTE: To exit any mode, press ESC!!!!! 
 
11. Drag and drop an PMOS4: (There’s a bug in the display. If it doesn’t display correctly, change 

libraries and then return to the NCSU_Analog_Library) 

 



12. Left click on one of the transistors and then press ‘Q’ (for query). This should allow you see 
details about the transistor such as width and length. (#I am messing a little with the binding key 
file for the processes other than AMI so if the window doesn’t come up when you press “Q”, go 
to the “Edit  Properties  Objects…” or press “Shift+Q” to see W and L etc.) 

 
13. After each step I suggest clicking on the “Save” icon or “Check And Save” icon so you don’t lose 

work. 
14. Go back to the “Add instance” icon and then go to “Supply Nets”. Add a GND and a VDD. (#For 

the other libraries, go to “Basic” library and select gnd and vcc or vdd.) 



 
15. Next add wires. To do that, click on the “Create Narrow Wire” icon next to the “Add Instance” 

icon. Click on a red square (the terminals of the transistors) and then click on another red square.  
A wire should have been drawn between the two squares. If you want to get rid of anything 
you’ve drawn, select it and press delete. 
If you want to draw a wire that doesn’t end on a red square, click the left mouse button twice. 

 
16. To make simulations and documentation easier, naming wires is very useful. Name the input Vin 

and the output Vout. To do that click on the “Create Wire Name” icon, enter the name and then 
click on the wire you want to name.  

17. Pins allow you to provide inputs and become the IO of symbols. (Symbols are when you turn 
your circuit into a black box. Pins will appear as the IO of the black box). Add pins to inputs and 
outputs of your inverter. To do that, select the “Create Pin” icon next to the “Create Wire Name” 
icon. Make sure to set whether the pin is an input or output. You can use the rotate function on 
the pins too. 



 
18. Before going on click on the “Check And Save” icon to check for any errors in your schematic. 

The “Check And Save” icon is the one next to the “Save” icon  The “Save” icon with the green 
check mark on it. 
 
SIMULATION: 

19. On schematic editor select: Launch  ADE L. A window will come up that says something about 
a license. Click “yes”. I’ll use the inverter I drew above in the example below. 
 
The simulator is through the simulation window (ADE – Analog Design Environment): 

 
 
 
 



20. There are a number of things to set before you can simulate: (#Some are automatically set in 
the processes other than AMI) 

a. Setup menu  Simulator/Directory/Host… 
i. Set to Spectre 

b. Setup menu  Model Libraries… 
i. Click on gray area and it should change to this: 

 
 

ii. Go to the directory: 
 

AMI:  /usr/cad_tools/cadence/NCSU/ncsu—cdk-1.6.0.beta/models/spectre/nom 

# CMRF7SF: (Include 3 files until bug worked out) 

/usr/cad_tools/cadence/IBM_PDK/cmrf7sf/V1.9.0.2ML/Spectre/models/desig

n.scs 

/usr/cad_tools/cadence/IBM_PDK/cmrf7sf/V1.9.0.2ML/Spectre/models/wafer

.scs 

/usr/cad_tools/cadence/IBM_PDK/cmrf7sf/V1.9.0.2ML/Spectre/models/allMo

dels.scs 

# CMRF8SF: 

/usr/cad_tools/cadence/IBM8RF/cmrf8sf/V1.8.0.4DM/Spectre/models/allMod

els.scs  

 

Click near here and then click 

on this lighter colored area. 



iii. For AMI users: Select “ami16N.m” or “ami06N.m” depending on what 
technology you picked for your library. This file defines how the NMOS will be 
simulated. Other technology users can skip this step. 
 

 
 

iv. For AMI users: Select “ami16P.m” or “ami06P.m” depending on what 
technology you picked for your library. This file defines how the PMOS will be 
simulated. Other technology users can skip this step. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



c. To set inputs, select Setup  Stimuli.  

 
 
Select “Stimulus Type” to “Inputs”. Select 
“Vin”. Click “Enabled”. Set “Function” to 
“Sin”. Set “DC voltage” to 1.5. Set 
“Amplitude” to 1.5. Set “Frequency” to 
100K. Then click “Apply” at the bottom of 
the window. 
 
 
 

d. Still in the stimuli window, select A “Stimulus Type” of “Global Sources” and set VDD to 
a DC value of 3V.  



 
e. Outputs menu: To be plotted  Select on schematic. Click on wires in schematic for 

voltage (wires change color). Click on nodes for current (A circle appears). Select Vin and 
Vout. Click on the wires instead of the pins. For convenience, you may select only one 
type of object to that can be selected. The green circled icon below is the one you 
should select if you’d like to be able to click on any object. The red circled icon means 
that only wires will respond when you click on them. This is good when you want to 
select a group of wires but not the devices interspersed among those wires. When you 
use “Select on schematic” to select your outputs, you won’t be able to select wires 
unless one of the two circled icons is selected. Note you can also just select devices or 
just select IO pins too.  

 



f. Set simulation type to transient for, say, 100µs. You can do that by selecting Analysis  

Choose... (menu) or select the top right icon . You need to set the time and click 
on the “Enabled” check box. When you set the simulation type it will appear in the ADE 
window: 

 
 

21. To start a simulation click on green arrow. 
 

 
22. The “Virtuoso Visualization & Analysis XL” (graph output) window should appear as well as a log 

window. If the graph window doesn’t appear, look at the log window to see if an error occurred. 
If it does work then you get something like: 

Click this icon to set 

type of simulation 

Click this icon to start 

simulation 



 

 
You can right click on the background or any line to change color, width of line, style of line… 
To zoom in you drag the control above the graph.  
 

23. Let’s play a little with the results of your simulation.  
a. Right click on a curve  Table  New Window. This allows you to get the data from the 

curve. 
b. Click on the calculator on the table display or go to Tools  Calculator. Select the 

“Function Panel” tab near the bottom of the window. Then select “Special Functions” 
from the pulldown menu. Those are all the built in functions that you can apply to the 
graph. Ones you might recognize are: xmax (the maximum X value of the curve), xmin, 
dft, average, derive, integ, etc. If you want to do a calculation on the graph that isn’t in 
that list, no problem. You can create your own equation. For example, say you wanted 
Vout2: Click on vt (transient voltage) and then click on Vout in the schematic. That 
should give you:  



 
 
Change that to:  

 
Then go to Tools  Plot and you should see the graph of Vout2 in the graph window. 
 
 
 



Back to the simulator for one final topic. When you build a circuit with a lot of transistors and, say, all 
the lengths are equal but you decide you want to change them all to a different value. That means that 
you have to go back and change the length of each and every transistor one by one. That’s a lot of work 
to do that to every transistor. To change a value you set for a device, select the transistor and press ‘q’. 
Selecting and pressing ‘q’ will “Query” the part and let you set the values for the part you’ve selected. 
Let’s do a variation. Select either the PMOS or the NMOS. While pressing SHIFT, click on the other 
transistor. Both should be selected now. Press ‘q’. The query window should come up. At the bottom of 
the window there should be ‘Previous’ and ‘Next’. Those buttons will switch over to the other transistor. 
You can do this for as many parts as you’d like. It makes changing something for a lot of parts less time 
consuming because you don’t have to query each part individually. If you set something in the window, 
click on ‘Apply’ before moving to next transistor.  
 

24. Here’s another way to make changing the length, width or other device values for multiple 
devices with a single change. Let’s use length of a transistor as the thing we want to change for 
multiple transistors. For each of the transistors set the ‘Length’ to some random name (I used 
CommonL in the example below) and click “OK”. This name should replace the numerical length 
value. As you should do before any simulation, click on “Check and Save”.  Now go back to the 
simulation window and Click on “Copy From Cellview” in “Variable” menu. That should give you: 

 

 
 
Click on the space after “CommonL” and below “Value” and enter 1.6u. The ‘u’ is microns just like in 
SPICE. Now, if you want to change the length of the transistors just put a new value in the “Value” box 
(not forgetting the ‘u’).   
 
I lied. One more thing. Let’s say you want to use 20 inverters but you don’t feel like drawing 20 of them. 
You could cut and paste but that will make your schematic look messy. The cleaner way to use 20 
inverters in your design is to make the inverter into a symbol and then just place the symbol. The 



software will generate a symbol for you - The inputs and outputs are determined by the software by the 
pins you have in your schematic. In the inverter there’s an input pin called Vin and an output pin called 
Vout. When you create a symbol you should end up with an input pin called Vin and an output pin called 
Vout. In the schematic window, Create  Cellview… 

  
 
You get: 

 
 



Click OK and you get: 

 
 
I prefer Vin to be on the left and Vout to be on the right so I move them. 
When you click “OK” you get a picture of your symbol. When you want to use this symbol, you do the 
same thing you did when you used parts from the NCSU_Analog_Parts library (or whatever library you 
are using) but instead of going to the NCSU_Analog_Parts library you go to your own library and select it. 
Here’s a new cellview (schematic) where I’ve grabbed the inverter symbol and dropped it in my design: 
 

 
 
Be warned: Even though there’s no “VDD” at the top level here, there is a VDD! That has to be set inside 
the symbol. You will need to drop a VDD symbol into the schematic and set it in the stimuli window. 
(This is still a touch buggy in at least one of the libraries so the safest route is to make VDD an output to 
your symbol and connect it at the toplevel. 



 
 

SUMMARY: 
DESIGN ENTRY: 

i. Create library and attach a technology library 
ii. Create a cellview (schematic) 

iii. Select parts from NCSU_Analog_Parts (or, if you aren’t using AMI, from your own tech library) 
iv. Select global supply nets from NCSU_Analog_Parts  Supply_Nets (or, if you aren’t using AMI, 

from the basic library) 
v. Name wires 

vi. Add Pins to inputs and outputs 
vii. Save often and “Check And Save” before simulating and to find bugs in your design 

viii. ESC gets you out of whatever mode you’re in!!!!!! 
 
SIMULATION SUMMARY: 

i. Enter design the select ADE l (Schematic entry window: Launch  ADE L) 
ii. “Yes” to warning window. 
iii. Analog design environment window: Setup  Simulator/Directory/Host…  Spectre 
iv. Analog design environment window: Setup Model Libraries…  Link to place in this 

document where files are listed.  
v. Analog design environment window: Setup Stimuli… for inputs and global nets. 
vi. Analog design environment window: Analysis  Choose…  then pick transient, DC, ac or 

whatever type of analysis you want. 
vii. Analog design environment window: Outputs Select on Schematic than click on wires for 

voltages and nodes for currents. 
viii. Click on green arrow to start simulation. 

 
SIMULATION “TRICKS”: 

i. Calculator 
ii. Using variables 

 
WHAT’S DUE: 

i. As a review of EE308, design a common emitter amplifier with a passive load. The 
output should be about 1.5V when Vin=1.2V. (Turn in screen capture). 

ii. Create a symbol for your amplifier. (Turn in screen capture). 
iii. Create a schematic using your symbol. 
iv. Through the stimuli window, set a VIN of 1.2 with a sine wave of amplitude 0.01V. 

Simulate. (Turn in screen capture). 
v. What’s the current of your amplifier at rest? (Input=1.2V) 
vi. Make up (at least) one question about the lab or software or something else related 

to lab.   


