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1. General Information and Linux Account Information

a.

Modern industrial integrated-circuit-design CAD tools will be an
integral part of this course. All students in the courses must have
access to the CAD tool setup at AFIT. This page contains relevant
administrative information for all you need to do to get started with
these tools.

Read the following:
i. You will use the Linux workstations in the VLSI CAD Lab
(Building 640, Room 332)
ii. You need an active login ID

Prior to the first class, [ will collect a list of student names in the
class and send the list to the AFIT Help Desk (helpdesk@afit.edu). I
will request that the AFIT Help Desk set up the computer accounts.

All students should look for an email messages from either Mr. David
Doak or Mr. Donald Bodle with your Linux account information and
requesting that you stop by the SC Help Desk (“SC”) to set your
password.

Following the first lecture, after you receive this email, all students
should go to the SC Help Desk and ask for “Unix Help.” You will be
redirected to another section of SC to Mr. Doak or to Mr. Bodle who
will show you how to set your Linux password.

. As soon as you have your password, you are able to start these labs

and can log in to the VLSI Linux machines in the VLSI CAD Lab.
After the first week of class, any problems with login access to the
machines should be addressed to Mr. David Doak:

helpdesk@afit.edu, the AFIT Systems Administrator.

3|Page


mailto:helpdesk@afit.edu

Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

2. Guidelines for Working in the VLSI CAD Lab

a.

The VLSI CAD Lab is maintained by the Electrical and Computer
Engineering Department.

. Do not bring any friends/visitors to the lab and let them use the

machines on your account. These are not public machines.

Food and drinks are allowed, BUT you must be VERY careful and
clean up after yourself.

The quota for each student is 20 GB. Please keep only relevant files
in your home.

. Do NOT fire huge printing jobs at the lab printer. Printers are for

your convenience and printing anything other than HW or project
files is NOT permitted. Also, do not try to print tool documentation.
Such files are hundreds of pages.

Do NOT reboot the machines. Contact system administrators in case
the machine hangs or freezes

System Administrator: Mr. David Doak: helpdesk@afit.edu

We encourage doing your homework and projects in Building 640,
Room 332. This allows the professor and System Administrator to
do a walk-through and help you. It also allows you to help each
other.

All paths for CAD tools should be automatically set.
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3. A Beginner’s Guide to the Unix and Linux Operating System

a.

b.

Linux is a Unix-like operating system.

If you are not familiar with Unix and Linux, the following link
provides a beginner’s guide to the Unix and Linux operating system.
Eight tutorials cover the basics of UNIX/Linux commands. These
tutorials and summaries below were developed by
M.Stonebank@surrey.ac.uk. They are reproduced here for your
reference during these tutorials.

The link is: http://www.ee.surrey.ac.uk/Teaching/Unix

Introduction to the UNIX Operating System

. Tutorial One Summary

Command Meaning

Is list files and directories

Is -a list all files and directories

mkdir make a directory

cd directory change to named directory

cd change to home-directory

cd ~ change to home-directory

cd .. change to parent directory

pwd display the path of the current directory
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f. Tutorial Two Summary

Command Meaning

cp filel file2 copy filel and call it file2

mv filel file2 move or rename filel to file2

rm file remove a file

rmdir directory remove a directory

cat file display a file

less file display a file a page at a time

head file display the first few lines of a file

tail file display the last few lines of a file

grep ‘keyword’ file | search a file for keywords

wec file count number of
lines/words/characters in file

g. Tutorial Three Summary

Command Meaning

command > file redirect standard output to a file
command >> file append standard output to a file
command < file redirect standard input from a file
command1 | | pipe the output of commandl to the
command? input of command?2

cat filel file2 > file0 | concatenate file1 and file2 to file(

sort sort data

who list users currently logged in
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h. Tutorial Four Summary

i.

Command

Meaning

*

match any number of characters

?

match one character

man command

read the online manual page for a
command

whatis command

brief description of a command

apropos keyword

match commands with keyword in their
man pages

Tutorial Five Summary

Command Meaning

Is -lag list access rights for all files

chmod [options] | change access rights for named file

file

command & run command in background

"C kill the job running in the foreground

i/ suspend the job running in the
foreground

bg background the suspended job

jobs list current jobs

fg %1 foreground job number 1

kill %1 kill job number 1

ps list current processes

kill 26152 kill process number 26152

7|Page




j-

Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

Tutorial Six Summary

Other Useful UNIX | Meaning

Commands

quota disk space on the file system

df space left

du number of kilobytes in each
subdirectory

gzip reduces file size

zcat reads gzipped file

file classifies the named files

diff compares two files and displays the
differences

find searches through directories for files
and directories for attribute

History C shell keeps an ordered list of all
entered commands

k. Tutorial Seven Summary

L

Command Meaning

make Manage large programs or groups of
programs

makefile Set of compile rules in a text file

Tutorial Eight Summary

Variables Meaning

UNIX variables A way to pass information from the shell
to programs

Environment Set by the setenv command

variables

Shell variables $history, $cwd, $HOME, $PATH,
$prompt; % set | less
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4. Linux Quick Reference: O’Reilly (www.oreilly.com)

a. Some Useful Commands

Linux Quick Reference

SOME USEFUL COMMANDS

Command Task

File/Directory Basics

Command Task

File Location

Is List files find Locate files
p Copy files slocate Locate files via index
my Rename files which Locate commands
m Delete files whereis Locate standard files
In Link files File Text Manipulati
od Change directory e Text Manipd'ation )
) . grep Search text for matching
pwd Print current directory lines
name t Extract col
mkdir Create directory o , AX fac dco u‘mns
rmdir Delete directory paste ppend cotumns
tr Translate characters

File Viewing sort Sort lines
cat View files uniq Locate identical lines
less Page through files tee Copy stdinto a file and
head View file beginning to stdodit simultaneoLisly
tail View file ending File Compression
nl Number lines gzip Cormpress files
od View binary data (GNU Zip)
xxd View binary data compress  Cormpress files (Unix)
qv View Postscript/PDF files bzip2 Compress files (BZip2)
xdvi View TeX DVI files 7p Compress files

(Windows Zip)

File Creation and Editing

File Comparison

emacs Text editor

vim Text editor diff Cormpare files line by line

umask Set default file comm Compare sorted files
protections cmp Compare files byte

soffice Edit Word/Excel/ by byte

PowerPoint docs
abiword Edit Word documents
gnumeric  Edit Excel documents

md5sum Compute checksums

Disks and Filesystems

df Show free disk space
File Properties mount Make a disk accessible
stat Display file attribLies fsck Check a disk for errors
we Count bytes/words/lines syne Flush disk caches
du MeasLrre disk usage
o - Backups and Remote Storage
file Identify file types 1
- mt Control a tape drive
touch Change file timestamps .
: dump Back up a disk
chown Change file owner
i restore Restore a dump
chgrp Change file group
: ; tar Read/write tape archives
chmod Change file protections d d . D
chattr Change advanced file cdrecor L,'m a )
attribLites rsync Mirror a set of files
Isattr List advanced file
attributes

©2004 O'Reilly & Associates, Inc. O'Reilly logo is a regis- O RE I LL I

tered trademark of O'Reilly & Associates, Inc. All other

trademarks are property of their respective owners. #30473 www.ore ’,’_y. com
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b. Some Useful Commands

Linux Quick Reference

SOME USEFUL COMMANDS

Command  Task

Printing

Ipr Print files

Ipq View print queue

Iprm Rernove print jobs

Spelling Operations

look Look up spelling

aspell Check spelling
interadively

spell Check spelling in batch

Processes

ps List all processes

w List users’ processes

uptime View the system load

top Monitor processes

xload Monitor systern load

free Display free memory

kill Terminate processes

nice Set process prionties

renice Change process priorities

Scheduling Jobs

sleep Wait for some time

watch Run programs at set
intervals

at Schedule a job

crontab Schedule repeated jobs

Hosts

uname Print systern information

hostname  Print the system’s
hostname

ifconfig Set/display network
information

host Look up DNS

whois Look up domain
regstrants

ping Check if host is reachable

traceroute  View network path to
3 host

O’REILLY

www.oreilly.com

Command  Task
Networking
ssh Securely log into remote
hosts
telnet Log into remote hosts
scp Securely copy files
between hosts
sftp Securely copy files
between hosts
ftp Copy files between hosts
evolution  GUI email client
mutt Text-based email client
mail Minimal email client
mozilla Web browser
Iynx Text-only web browser
wget Retrieve web pages
to disk
slrn Read Usenet news
gaim Instant messaging/IRC
talk Linux/Unix chat
write Send messages to
a terminal
mesg Prohibit talkfwrite
Audio and Video
grip Play CDs and rip MP3s
Xmms Play audio files
cdparanocia  Rip audio
audacity Edit audio
xcdroast Burn CDs

Excerpted from Linux Pocket Reference
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5. Setting up Firefox

a. In this step you will set up the Proxies for Firefox. Open a Firefox

window as shown below.

@ Welcome to CentOS - Mozilla Firefox

SICIES

File Edit \View History Bookmarks Tools Help

B &

J Welcome to CentOS d dh |
I file:/ffusrishare/doc/HTML findex htmi - %] I.‘lv
a
. =
Y

The Community ENTerprise Operating System

Welcome to CentOS

CentOS is an Enterprise-class Linux Distribution derived from sources freely provided to the public by a
prominent North American Enterprise Linux vendor. CentOS conforms fully with the upstream vendors
redistribution policy and aims to be 100% binary compatible. (CentOS mainly changes packages to remove

upstream vendor branding and artwork.)

CentOS is developed by a small but growing team of core developers. Inturnthe core developers are
supported by an active user community including system administrators, network administrators,
enterprise users, managers, core Linux contributors and Linux enthusiasts from around the world.

CentOS has numerous advantages including: an active and growing user community, quickly rebuilt, tested,
and QA'ed errata packages, an extensive mirror network, developers who are contactable and responsive
reliable Enterprise Linux class distribution, multiple free support avenues including a wiki, IRC Chat, Email

Lists, Forums,and a dynamic FAQ.
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b. In the banner at the top of the Firefox window, select ‘Edit -
Preferences” and click on the ‘Advanced’ button and then the
‘Network’ tab. The ‘Firefox Preferences’ window will appear as
shown in the image below.

k@ Firefox Preferences E]@E]\
W = =& K s O e

General Tabs Content Applications Privacy Security S alell Advanced

General | Network L.Ipdate|Encryptiun|

Connection

Configure how Frefox connects to the Internet fﬁSgttings...

Offline Storage

Yfour cache is currently using 57.8 MB of disk space éfglear MNow

[] Override automatic cache management

Tell me when a website asks to store data for offline use Exceptions...

The following websites have stored data for offline use:
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c. In the ‘Firefox Preferences’ window, select ‘Settings. The
‘Connection Settings’” window will appear. Select ‘Manual proxy
configurations” button as shown, with HTTP Proxy: 129.92.252.3
Port: 8080; SSL Proxy: 129.92.252.3 Port: 8080; No Proxy for:
localhost, 127.0.0.1, .afit.edu. Then click OK in this window and
close the Firefox preferences window.

' Connection 5ettings x|

Configure Proxies to Access the Internet
) No proxy
) Auto-detect proxy settings for this network

) Use system proxy settings

'E'Eﬂanual proxy configuration:

HTTP Proxy: [129.92.252.3 ] Port: 8080

i

[ Use this proxy server for all protocols

SSL Proxy: [129.92.252.3 ] Port: 8080
ETP Proxy: l l Port: 0
SOCKS Host: [ ] Port: 0

) SOCKS vd (@ SOCKS w5

Mo Proxy for: l localhost, 127.0.0.1, .afit.edu

Example: mozilla.org, .net.nz, 192 168.1.0/24

) Automatic proxy configuration URL:

XCancelH & ok l

d. You should now be able to access the internet.
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6. Setting up Secure Shell (SSH)

a. On your Windows machine, go to the Start menu and click on “All
Programs.” Move the cursor to the “SSH Secure Shell” folder, open it,
right click on the “Secure File Transfer Client” and then Pin to
Taskbar.

b. Open the SSH Secure File Transfer Client (now pinned on your
taskbar).

c. In the “SSH Secure File Transfer Client,” click on the “Profiles” button
(it looks like a yellow folder) and press “Add Profile.” The “Add
Profile” window will open, and enter “telemark” in the profile name
field as shown below. Then click “Add to Profiles.”

Gl 28 %
21 Quick Connect (] Profies

B e | e v Add |Gy

Local Name £ Size | Type = Remote Name
= Libraries Syster
2 Lanzerotti, Mary ¥ Civ US... Syster
1% Computer Syster,
‘I_i Metwork Syster

8 Control Panel Syster| -
& Recycle Bin Syster,
8 Control Panel Syster
Apps File fo

#"155H Secure File Transfer C... , Short

=71 55H Secure Shell Client - Shorte

.~ Adobe Acrobat X Pro g Shortc

(~ Microsoft Office Qutlook .. | Shorte

i=' Microsoft Office Project 2... | Shorte

i22| Microsoft Visio 2007 469 Shorte =
n

Fl » 4 mn

Transfer| Queue]
/| Source File Source Directory | Destination Dire... Size | Status Speed Time

NV

telemark. Addto Profiles
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d. Then click on “Profiles” again and click “Edit Profiles.” The Profiles
window will appear. In this window, under the “Connection” tab, set
“Host name:” to “telemark” and “User name:” to your Linux
username (e.g. your first initial followed by your last name). The
Port number should already be set to “22” as shown in the image
below.

__‘

ﬂ Quick Connect Colors ] Tunneling ] File Transfer ] Favaorite Folders
=0 Profiles Comnection | Cipherlist | Authentication |  Keyboard
Fary Profile

Prafile: Mame M ary Corfigure protocol settings for the connection. New settings will take effect
Profile: M arne b arl upan next login.

Profile Marmebd ary Specify * as the host name or the user name to be prompted for the
defaultzftp information when the profile is chosen for connecting.

m

telemark Host name: |te|emark

User name: |m|anzero

Part number: |22

Encryption algorithm: | <Default:

MAL algorithm: | <Default:

Compression: | <Monez

Terminal answerback: |"a'ﬂ 0o

| Connect through firewall

[ Request tunnels only (disable terminal)

Cancel

e. Press OK on the “Profiles” window.
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f. Now in the “SSH Secure File Transfer” window, click on “Profiles”
again and select ‘telemark.” Select ‘yes’ and then click ‘OK’ on the
two windows that appear. Then enter your Linux password in the
“Enter Password” window that appears. Click OK after entering
your password.

g. In the “SSH Secure File Transfer” window, the left side is your
Windows information (click on the pulldown to find the various
drives, such as the I: drive). Click on “Computer” and your home
directory is located with your Windows username. On the right side
is your Linux information. You can navigate to where you have
saved the files you want to transfer.

h. When you find the files on the Linux (right) side that you want to
transfer to Windows, you will click on the files using ‘SHIFT and
CNTL” to select multiple files. Then drag the selected files to the
Windows side and drop into your desired directory.

i. You can keep this “SSH Secure File Transfer” window open.

j. Use the ‘Refresh’ (circular arrows) button if you save a new file on
Linux.
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7. Screen Capture of Images with The GIMP

a. To launch Gimp, move your cursor to the upper-left hand corner of
the screen (Linux). Select “Applications = Graphics = The GIMP”.
The GIMP graphical user interface will appear as shown in the figure
below.

'~ The cGIMP =8 X

File Xtns Help

e e NT
WS PA
+ /BEE
BETHD
AV A

& O w &

el
_

Lol

Paintbrush @ =
00.0

Opacity: = | |1
Mode: Normal
Brush: BICH’CIE (11

> Pressure sensitivity

[] Fade out

[ Incremental

[] Use color from gradie

-

o
g
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. On The GIMP GUI, select “File = Acquire = Screen shot.” In the
Screen Shot window, select “a Single Window” and “1 second delay.”
Then click Grab.

. Then click on the window that you wish to save. A Gimp.tif window
will appear.

. Save your window in .tif format with your desired filename in one of
your directories. You may also save in other file formats (.tif is
preferred; .ps and .eps formats are preferred in LaTex documents; in
this document, .tif files are used for the screenshots of Cadence
windows).
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8. Printing and Plotting

a. To print a Virtuoso ® Visualization & Analysis window, select “File
—> Print = Print to File (postscript)”. A “Print” window will appear.
Enter the name of your desired output file in the window. GIMP is
able to read ps files generated from a print from the Visualization &
Analysis window as shown below.

Wed Apr 25 13:11:30 2012

DC Response

500.0

400.0 -

300.0

1 (uA)

200.0

100.0

00 F

0004

Page 1of 1
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b. To print an entire schematic in a Virtuoso window (Schematic,
Layout, Extracted view), select “File = Print = Plot Options” and fill
in the print window. You may send the output to your AFIT email
account: mary.lanzerotti@afit.edu and the file to <filename.ps>
which will be written in your working directory, such as
$HOME/cadence/ncsu-cdk-1.6.0.utah folder. Kghostview is able to
read multi-page postscript files generated from a Virtuoso
Schematic winder. To start Kghostview, in the Linux screen, click on
the menu bar: “Applications - Graphics - KGhostView - File >
Open.” Then point the window to your printed file, which should be
in your home directory. Printing with the header information
selected will produce a document such as the schematic shown
below (two pages).

c. To print a portion of a schematic, select “File - Print - Plot
Options” and fill in the print window using the appropriate
coordinates of your plot (lower left and upper right coordinates) in
the “Area to Plot” field. Be sure to add extra space if you would like
to see extra space around the boundary of your plot.
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USER:mlanzero
DATE: Thu Apr 2611:46:47 2012

x9.84Inches
53Tutarial

Cell: [Vcurves

Library:

View: schematic

Plot Area: ((-1.7125-5.25)(2.2752.2625))
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9. Setting up the Linux Environment and Getting Started with Cadence
6.1.5.

a. You should already have contacted Mr. David Doak
(david.doak@afit.edu) and have a Linux email userid and Linux
password

b. Log in to a Linux machine

c. Open a terminal window (right click with the mouse)

mlanzero@visilab05:~ T T

File Edit Wiew Terminal Tabs Help
[mlanzero@vlsilabes ~15 |
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d. Atthe command line in this window, type:

cp /apps/vlsi/etc/cshrc .cshrc

mlanzero@vlisifacOl:~

BICIE

File Edit Wiew Terminal Tabs Help

[mlanzero@vlsifac®l ~]1% pwd
Fhome/afiten3/Tac/mlanzero

[mlanzero@vlsifac®l ~]% cp fapps/vlsifetcfcshrc .cshrc

[mlanzero@vlsifachl ~]% |:|
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e. To verify the copy command, type
more .cshrc

mlanzero@vlisilab05:~

File Edit View Terminal Tabs Help

[mlanzero@vlsilab@5 ~]5 pwd

Jhome/afiten3/Tac/mlanzero

[mlanzero@vlsilabB85 ~]% cp /fapps/vlsifetc/cshrc ./cshrc
[mlanzero@vlsilabB®5 ~]% more .cshrc

.cshrc

NOTICE: Only non-interactive (commands that do not need keyboard
input) commands should be used in this file. Any
interactive command placed in this file could cause
problems with command like "rsh" on this system.

IT you want the backspace key on the sun workstations to work
in the crttool, uncomment the following line (it may break other
things though).

I R

*

set CrttoolBackspace

DO NOT MOVE, CHANGE, ADD, OR DELETE THE FOLLOWING LINES. They
are part of our system set-up that allows us to keep your login
environment updated.

VVVVVVVVV VYV VYV VYV VYV VYV VUV YV VW VYV Y Y

# oW W R

set SystemCshrc = fetc/csh.cshrc
set SystemLogin = fetc/csh.login
set VLS5IAlias = /apps/vlsi/etc/aliases

if ( -e $SystemCshrc ) then

--More--(6
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milanzero@vlisifacOl

I_:Ir‘|l|| i racti ( comm 5t 0 hoard

HHE TR RN TR

OR DELETE THE FOLLO
t-up that allows L

N /bin $HOME/bin

s here after this comment by us

/apps/vlsi/etc/cshre (END)
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f. Atthe command line in the same window, type:
/bin/csh

mlanzero@vlisilab05:~

File Edit View Terminal Tabs Help

[mlanzero@vlsilab85 ~]% pwd =
fhome/afiten3/Tac/mlanzero

[mlanzero@vlsilab®5 ~]% cp fapps/vlsifetc/cshrc ./cshrc
[mlanzero@vlsilab®5 ~1% more .cshrc

.cshrc

NOTICE: Only non-interactive (commands that do not need keyboard
input) commands should be used in this file. Any
interactive command placed in this file could cause
problems with command like "rsh" on this system.

IT you want the backspace key on the sun workstations to work
in the crttool, uncomment the following line (it may break other
things though).

LR I R R

#*

set CrttoolBackspace

DO NOT MOVE, CHANGE, ADD, OR DELETE THE FOLLOWING LINES. They
are part of our system set-up that allows us to keep your login
environment updated.

VVVVVVVVVV VYV YV VYV VYV VYV VYUV VYV VUV VWV YV VYV VYV Y

H oW W R

set SystemCshrc = /etc/csh.cshrc
set SystemlLogin = /Jetc/csh.login
set VLSIAlias = /apps/vlsi/etc/aliases

if { -e $SystemCshrc ) then
[mlanzero@vlsilab®5 ~]1% /bin/csh
[mlanzero@vlsilabes ~15 ||
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g. Atthe command line in the same window, type:
add_cadence

mlanzero@vlisilab05:~

File Edit View Terminal Tabs Help

[mlanzero@vlsilab@5 ~]5 pwd

Jhome/afiten3/Tac/mlanzero

[mlanzero@vlsilabB85 ~]% cp /fapps/vlsifetc/cshrc ./cshrc
[mlanzero@vlsilabB®5 ~]% more .cshrc

.cshrc

NOTICE: Only non-interactive (commands that do not need keyboard
input) commands should be used in this file. Any
interactive command placed in this file could cause
problems with command like "rsh" on this system.

IT you want the backspace key on the sun workstations to work
in the crttool, uncomment the following line (it may break other
things though).

I R

*

set CrttoolBackspace

DO NOT MOVE, CHANGE, ADD, OR DELETE THE FOLLOWING LINES. They
are part of our system set-up that allows us to keep your login
environment updated.

VVVVVVVVV VYV VYV VYV VYV VYV VUV YV VW VYV Y Y

# oW W R

set SystemCshrc = fetc/csh.cshrc
set SystemLogin = fetc/csh.login
set VLS5IAlias = /apps/vlsi/etc/aliases

if { -e sSystemCshrc ) then
[mlanzero@vlsilab®5 ~]1% /bin/csh
[mlanzero@vlsilab@5 ~1% add_cadence
[mlanzero@vlsilab85 ~]% which add_cadence
add_cadence: aliased to source /fapps/vlsi/etc/setup_cadence.csh
[mlanzero@vlsilabes ~1s |J
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#!/binfcsh —F

setenv CADHOME Aappssvlsi/Cadence

B B B B BB BB NS BB BB

# Cadence Design Systems

#

# Master IC Cad flow including schematic capture, simulation, layout,

# and verification.

R R RN H BB

#setenv CDS_LIC portBhostname

#seteny CDS_LIC_FILE portBhostname

seteny CDS_LIC_FILE $CADHOME/license.dat

# Reqguired for Cadence on Linux.

setenv LANG C

S O S B B B S O B T O S B S T B A A S R S S S A e S S

# CADENCE - IC

#

# IC Schematic Entry, Simulation, Layout,

# Verification (Diva)
§§n+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

setenv CDS $CADHOME/ICE1S

# Some of these variables are used by various other tools.
# Set them to be safe

setenv CDSDIR $CDS

seteny CDSHOME $CDS

setenv CADENCE_DIR $CDS

setenv CDS_INST_DIR $CDS

# Cadence uses a setup.loc file to help setup third party tools

# like Golden Gate and RFDE. This environment wvariable will be used
# to guilde the search.

#setenv CDS_SITE /datascadtools/cds/cdssetup

# Set Spectre defaults and netlisting mode
setenv CDS_Netlisting_Mode Analog
setenv SPECTRE_DEFAULTS -E

# This environment variable enables Spectre HB
setenv CDS_SPECTRERF_FBENABLE 1

# Turn on the Palette feature. LSW no longer works, but many new features available
setenv CDS_USE_PALETTE

# Support for 64-bit executables, when available
if {“uname -p° == x86_64) then

setenv CDS_AUTO_64BIT ALL
endif

setenv PATH $CDSDIR/bin:$CDSDIR/tools/dfIl/ bin:$CDSDIR/tools/bin:$COSDIR/tonls/plot/hin:$EPATH?

L A A A A A A A S B S A A S A S S S A
# Cadence Assura (ASSURA) - DRC, LVYS, parasitic extraction

#

# These executables should be on the PATH after DFII executables
s o o o T A o o A e O e ot o S S A
setenv ASSURAHOME $CADHOME/ASSURA41

etenv PATH $iPATH: :$ASSURAHOME /hin:$ASSURAHOME /tools/bin: $ASSURAHOME /tools/assurasbin

o o L o o T e e e e
# Cadence ORC Extration (EXT)} - parasitic extraction for RLCK

#

# Note: QRC Must appear in the PATH before Assura execuathles.
e o o o o e o o
setenv QRC_HOME $CADHOME/EXT101
setenv PATH $QRC_HOME/bin:$QRC_HOME/tools/bin:$EPATHE
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mlanzero@visifacOl

Spectre defaults and netlisting mode
CDS_Netlisting_Mode Analog
SPECTRE_DEFAULTS -E

environment wvariable enables Spectre HB
CDS_SPECTRERF_FBENABLE 1

on the Palette feature. LSW no longer works, but many new features available
CDS_USE_FPALETTE

# Support for B4-bit executables, when available
if (Cuname -p° == x86_64) then

setenv CDS_AUTO_64BIT ALL
endif

setenv PATH $CDSDIR/bin:$CDSDIR/tools/df Il bin:$CDSDIR/tools/bin:$COSDIR/tools/plot/bin:$EPATHE

e o S o o o o S o o O S0 o 0 o o o o
# Cadence Assura (ASSURA) - DRC, LVYS, parasitic extraction
#
i "
_ # These executables should be on the PATH after DFII executables
e O e o O A A S A S S S S e
setenv ASSURAHOME $CADHOME/ASSURA41

setenv PATH $iPATH3 :$ASSURAHOME /bin:$ASSURAHOME /tools/bin:$ASSURAHDOME /tools/assurashin

o o o o o S o o o S o o
# Cadence ORC Extration (EXT) - parasitic extraction for BLCK

# Note: QRC Must appearflin the PATH before Assura execuatbles.

o o2 e o O 2 O o o o ok St A A T o O R O AR O S o T o o o o S SR A
seteny QRC_HOME $CADHOME/EXT101

setenv PATH $QRC_HOME/bin:$QRC_HOME/tools/bin:${PATHS

R o o o o O o S
# Cadence Analog Simulators (MMSIM) - Spectre, SpectreRF
#
S A o O A S O B R O A S o S A O S B S S
setenv MMSIMHOME ${CADHOMEZ /MMSIMAL01
setenv PATH $MMSIMHOME /bin:$MMSIMHOME/tools/bin:${PATH?

o o o o o S S o o S e
# Cadence Digital Flow

#

o o O O O O L S S S B A B S S T S S S S A S

Digital Implementation (EDI} - Synthesis and P&R
setenv PATH $CADHOME/EDIL04/bhin:$CADHOME/EDIL101/tools/bin:${PATH?

% Conformal (CONFRML) - Verification (LYR) for digital flow
__ setenv PATH $CADHOME/CONFRML104/bin:$CADHOME /CONFRMLA01/tools/bin:${PATH}

# Conformal Constraint designer (CCD}
setenv PATH $CADHOME/CCDA01/bin:$CADHOME/CCD101/tools/bin:${PATHS

# Encounter Timing System (ETS)
seteny PATH $CADHOME/ETS104/bin:$CADHOME/ETS104/ tools/bin:${PATH}

_# Encounter Test (ET)
seteny PATH $CADHOME/ET104/bin:$CADHOME/ET101/tools/hin:${PATH?

s e T e e R oo ok
# Cadence Incisive Unified Simulator (IUS) - Digital HDL simulators.
o o T T o T e T o

tenyv PATH $CADHOME/INCISIVA0Z/bin:$CADHOME/INCISIVA0Z/tools/bin:${PATHE
[(END) |
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h. To verify that the executable is in the path, type:
which virtuoso

milanzero@vlisilab05:~

Fle Edit View Jerminal Tabs Help

[mlanzero@vlsilab®5 ~]15%5 pwd |
fhome/aftiten3/fac/mlanzero

[mlanzero@vlsilab@5 ~]1% cp fapps/vlsifetc/cshrc ./cshrc
[mlanzero@vlsilab85 ~]% more .cshrc

# .cshrc

#

# NOTICE: Only non-interactive (commands that do not need keyboard
# input) commands should be used in this file. Any

# interactive command placed in this file could cause

# problems with command like "rsh" on this system.

#

# If you want the backspace key on the sun workstations to work

# in the crttool, uncomment the following line (it may break other
# things though).

# set CrttoolBackspace

# DO NOT MOVE, CHANGE, ADD, OR DELETE THE FOLLOWING LINES. They
# are part of our system set-up that allows us to keep your login
# environment updated.

# VVVVVVVV VYV VUV VYV VY VUV VYV VUV VUV VYV VY

set SystemCshrc = fetc/csh.cshrc
set SystemLogin = /etc/csh.login
set VL5IAlias = /fapps/vlsli/fetc/aliases

if | -e $5ystemCshrc ) then
[mlanzero@vlsilab85 ~]% /bin/csh
[mlanzero@vlsilab85 ~]% add_cadence
[mlanzero@vlsilab@5 ~]% which add_cadence
add_cadence: aliased to source fapps/vlsi/etc/setup cadence.csh
[mlanzero@vlsilab®5 ~]% which wvirtuoso
fapps/vlsi/Cadence/IC615/bin/virtuoso
[mlanzero@vlsilabds ~]%
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i. Type:
use_ncsucdk

mlanzero@vlisilab0

File Edit Miew Terminal Tabs Help

ERE R I

=

o A

[1] 8886

NOTICE:

IT you
in the
things

Only non-interactive (commands that do not need keyboard
input) commands should be used in this file. Any
interactive command placed in this file could cause
problems with command like "rsh" on this system.

want the backspace key on the sun workstations to work
crtteol, uncomment the following line (it may break other
though) .

set CrttoolBackspace

DO NOT

MOVE, CHANGE, ADD, OR DELETE THE FOLLOWING LINES. They

are part of our system set-up that allows us to keep your login
environment updated.
VYUYV VYUYV VYV VYV VYUV VYV VYUYV VYUV U VY VYV VWYV UV VY

set SystemCshrc = fetc/csh.cshrec
set SystemlLogin = /etc/csh.login
set VL5IAlias = /apps/vlsi/etc/aliases

if ( -e s5ystemCshrc ) then
[mlanzero@vlsilabB5 ~]% /binfcsh
[mlanzero@vlsilab®5 ~]% add cadence
[mlanzero@vlsilabB5 ~]5% which add_cadence
add_cadence:
[mlanzero@vlsilab®5 ~]15% which virtuoso
/apps/vlsi/Cadence/IC615/bin/virtuoso
[mlanzero@vlsilab®5 ~]% use ncsucdk

aliased to source /apps/vlsi/etc/setup cadence.csh

[mlanzero@vlsilab@5 ~]5% which use_ncsucdk
use_ncsucdk:

xterm -

nfcsh &; cd
[mlanzero@vlsilabB5 ~]5% which use_ncsucdk
use_ncsucdk:

xterm -

aliased to source /apps/vlsi/etc/ncsu-cdk-1.6.08.beta.csh;
fg white -bg royalblue -fn 9x15 -s1 1680 -geometry 1068x35 -title mlanzero@vlsilab®5 /bi

aliased to source /apps/vlsi/etc/ncsu-cdk-1.6.08.beta.csh;
Tg white -bg royalblue -fn 9x15 -sl 10800 -geometry 10@x35 -title mlanzero@vlsilab®5 /bin/fcsh &; cd

[mlanzero@vlsilabf5 ~]5

[+]
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mlanzero@visifacOl

HHHHBEHHH BB R HBHBHBHBHBHBHBHEHEHHHHBHBHBHBH BB
#
#
#
#

ry of the FreePDK distribution

allatio

then
.lib ${PWD

then

play .crf

ib.defs
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j. Inthe blue window that appears, type:
virtuoso -log ./CDS_lab.log &

mlanzero@vlsilab05
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k. The CIW for Virtuoso ® 6.1.5-64b will appear with the log file
indicated in the banner at the top of the window.

Virtuoso®

File Tools Options Help cadence

COPYRIGHT @ 1992-2011 CADENCE DESIGN SYSTEMS INC ALL RIGHTS RESERVED
® 1092-2011 UNIX SYSTEMS Laboratories ING.,
Repcoduced with permission.

This Cadence Design Systems program and online documentation are
proprietary/confidential information and may be disclosed/used only
as outherized in a license agreement controlling such use and dizelosure

BRESTRICTED RIGHTS NOTICE (SHORT FORM)
Use/reproduction/disclosure is subject to restriction
set forth at FAR 1252.227-19 or its equivalent
Progran R#)50D5: virtuose version 6.1 5-64h 09/07/2011 01:07 (s7£41342) §
Ssub versien sub-version IC6.15-64R.500.6 (Sd-bit addresses)
Loading ge¥iew cxt
Loading neruBuilder. cxt
Loading sch¥iew. cxt
Loading selectSv. ext
Loading LVS. cxt
Loading layerProc. cxt
Loading x1UI. cxt
Loading auore. cxt
Loading vhdl. ext
Loading seisnic. ext
Loading oi.cxt
Loading ans. cxt
Virtueso Fromework License (111) was checked out successfully. Total checkout tine was 0.07s
Loading NOSU CDK 1.5.1 custonizations...
loading wars Erom fapps/vlsi/nosu-cdk-1.6.0 beta/cdssetup/cdseny for tool adle
loading wars From fapps/vlsi/nosu-cdk-1.6. 0. beta/cdssetup/odseny for tool asinenv
*WARNING* envSet¥al: Gan't set the value of wvariable ‘width',

in tooll.partition] 'asimenv.plotting' - it has not heen registered
*YARNING* envSetVal: Can't set the value of varizhle ‘height',
in tool[ partition] 'asimenv.plotting' - it has not heen registered

loading wars Erom fapps/vlsi/nosu-cdk-1.6.0 beta/cdssetup/cdseny for tool ddserv
loading wars Erom fapps/vlsi/ncsu-cdk-1.6.0 beta/cdssetup/edseny for tool layout

Lloading vars from fapps/vlsifncsu-cdk-1.6.0. heta/cdssetup/cdseny for tool schematic

*UBRNING* Cannot find /apps/vlsi/Cadence/ICE15/tools. Lxd6/dfIL/ete /Rools/spectres directory to load envirorment varishles
Loading NCSU SKILL routines

Done loading NGSU_CDE customizations

umause L. I R:

= [
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l. The Library Manager will also appear indicating the run directory in
the banner at the top of the window.

Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta

File Edit %iew Design Manager Help cadence

— Show Files

Cell View

EEMGESS
NCEU_Analog_Parts
MWCEU_Digital_Parts
MWCEU_TechLib_amils
NCSU_TechLib_amilB
NCSU_TechLib_hp0s
KWCSU_TechLib_tsmc02
MWCEU_TechLib_tsme0zd
MCSU_TechLib_tsme03
MWCEU_TechLib_tsme03d
NCSU_TechLib_tsmcOd_amzP
hasic

cdsDefTechLib

dave

Messages

Laog file is "/homesafitendsfac/mlanzero/cadence/nesu-cdk-1.6.0. betaslibhanager log”
Loading MCSU Library Manager customizations...done.
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Sending Email from Linux

. Step 1

i. Open a blue Linux terminal by typing the following command
in a white terminal (Right click in the Linux desktop and select
‘open terminal’).

ii. Type ‘use_ncsucdk'.

. Step 2

i. Type mail <user_email address> in the blue window that
appears, and then hit ‘Enter’.

ii. Example: mail mary.lanzerotti@afit.edu and hit ‘Enter.’

. Step 3

i. Copy and paste your link or other ascii information into the
message space.

. Step 4

i. Hit Return and on the blank line at the bottom of your note,
type *’

. Step 5

i. Add any other email addresses in the cc: line

ii. Otherwise hit ‘Return.’

. The email is sent.
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Inverter: Creating a Library

. Now you will create a library to store your circuit designs. Every

library will be associated with a foundry-supplied technology file.
For this laboratory, the technology file is supplied in the NCSU
Design Kit.

. In the CIW or Library Manager window, click with the mouse on File

- New - Library to obtain the following window. Complete the
two fields for Name: and Path. The Name of your Library is
‘LibName’. Your Path should be <Your Working
Directory/LibName>. In the example shown below for the course
EENG653, ‘Name’ is set to ‘EENG653.” The working directory is
‘/home/afiten3 /fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta.’

Create Library x|

Mlame: EENGES3

Jhome fafitend/fac/mlanzero/cadence/nosu-cdk-1. 6. 0. beta/EENGRE3

Technology Library

I this library will not contain physical design (.e., [ayouf) data you do not need a tech library.
Otheryvise, you must either attach to an existing tech library ar compile one.
Choose option:

Mo tech library needed

Misc.

& attach to existing tech library == (aMI 0.60u CON (3M, 2P, high-res) n
— Compile tech likrary
10 Pad Type: & Perimeter o Area array

m Cancel Apply Help
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¢. Now you will see EENG653 appear in the Library Manager Window

in the list of libraries on the left-hand side.

Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta

MCEU_aAnalog_Parts
NCSU_Digital_Parts
MWCEU_TechLib_amids
MWCEU_TechLib_amith
MCEU_TechLib_hp0&
NCSU_TechLib_tsmec0z
MCSU_TechLib_tsme0z2d
KWCSU_TechLib_tsmc03
MWCEU_TechLib_tsme03d
MCEU_TechLib_tsmc04_4MzP
hasic

cosDefMechLib

dave

Messages

Eile Edit Yiew Design Manager Help cadence
_EShow Categories _ Show Files

Library Cell View

EEMGHS3

EEMGHIS

Loading MCSU Library Manager customizations...done.

Log file is “fhomesafitendfac/mlanzero/cadences/ncsu-cdk-1.6.0.hetaslibtanager.log”.

d. Now you have completed the task of creating a new empty Library.
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12. Inverter: Creating a Schematic

a. Now you can create a Schematic in the library. To create a schematic,
highlight the library EENG653 in the Library Manager.

b. Click in the Library Manager Window with the mouse on the File 2
New > Cell View. Another window will appear as shown below
with “New File” in the banner at the top of the window. Fill in the
fields for Cell as ‘inverter’ and View as ‘schematic.’

File
Library LEENGEES n
cell inwerter
Wi schematic
Type Lsu:hematiu: n
Application

Cpen with Schematics L n

_ Always use this application for this type of file

Library path file
mezeroScadence Mmosu-cdk-1. 6. 0. betascds. 1ib

m Cancel Help

c. Click OKin the “New File” form.
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d. A new Schematic window will appear with the title “Virtuoso
Schematic Editor L Editing: EENG 653 inverter schematic” in the
banner at the top of the window.

Launch File Edit Wiew Create Check Opfions Migrate Window NCSU Help cidence
L A - — e . PO 1 - ~  Fa :
(N ™ | 0 @WxX QO T ¢ -7 7 |QUQ @8 [* 1L 1 2= ® 8
- - Warkspace: |Basic n = & s :lﬁ Iy o T, | By | a n -
| Mavigator 78X = S R
7 Default B.
Q 8-
Marne |
= inverter
Property Editor 78X
o (1 L
_umouse L: showdClickinfag) M: schHiMousePoplpl R: schHitousePaplp)
12)] - | cmet sek:0 [
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e. Now you are going to insert instances of devices into this Schematic
Window in order to create an inverter shown below.

Launch Eile Edit Wiew Create Check Options Migrate Window MCEU Help cadence
U@k O M X QT E s e e T R QAR L. E
- - Warkspace: |Basic n = & A3 :ﬁ 1y iy T, | By [ o n -
| Mavigator 78 x|

7 Default B.
Q B-

Mafme ol
= inverter

—(E) MO (nmos4)

() PO (pmas4)

~ () PINO (ipiny

~(Z) FINT (opin)
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| cmd: wire sel: 0 [
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f. The first instance you will insert is an nfet. Click on the Schematic
Window and type ‘i’ in the window. Two new Windows will appear.
The Component Browser window and Add Instance browser are
shown below:

|'-[-] Component Brows — O X |

Commands  Help cadence

Library LNCSLI_.&.naIDg_F'arts

Flatten

Filter *

(Go up 1 lewel)
nbsim
nhaimd
njfet
rmes
rme s
nmos
o S
rmosd b
rmos_hwv
rpr
uEErnpn

N_Transistors

-~ 1B -

4 | Helpaction B
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Air Force Institute of Technology

|'-- Add Instance x
Library  NWC5U &nalog Parts] Browse
Cell o 5

Wiew symbol

Mames

W Add Wire Stubs at:

« all terminals & registered terminals only

Array Rons 1 Columns 1
A~ Rotate Ak Sideways = Upside Down
hodel name ami06N
todel Type & system o user
hultiplier 1
Fingers 1
width (grid units) 10
Width 1.5 M
Width {minimum}) 1.5 M
Length (grid units) 4
Length 6000 M
Length (minimurm) 600n M
Drrain diffusion area 2. 2he-12
source diffusion area 2. 25e-12
Drain diffusion perimeter Eu M
source diffusion perimeter Bu M
Drain diffusion res sguares
Source diffusion res sguares
Yirtuoso-¥L layout cell
Dirain diffusion length
source diffusion length
Temp tise from ambient
sat

Estimated operating region

m Cancel Defaults Help
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. In the Component Browser Window, select NCSU_Analog_Parts -
N_Transistors = nmos4, which will select a four-terminal nfet in the
Add Instance Window. Fill in the fields in the Add Instance Window
as shown in the Window above. Note that you have the ability to
change the values of the channel width (‘Width’), channel length
(‘Length’), and number of fingers (‘Fingers’) in the Add Instance
Window.

. Click with the left mouse button in the Schematic Window in order
to place one instance of the nfet in the Schematic Window.

Press ‘ESC’ to cancel the placement of any additional nfets.

If you wish to go back and change the properties (‘Width’, ‘Length’,
‘Fingers’) of the nfet that you just placed, click with the mouse on the
instance to highlight it. Then type ‘q". Another form will appear to

allow you to edit the object properties.

. The next instance you will insert is a pfet. Click on the Schematic
Window and type ‘i’ in the window. Two Windows will appear.
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l. In the Component Browser Window, select NCSU_Analog_Parts -

p_Transistors = pmos4, which will select a four-terminal pfet in the
Add Instance Window. Fill in the fields in the Add Instance Window
as shown in the Window above. Note that you have the ability to
change the values of the channel width (‘Width’), channel length
(‘Length’), and number of fingers (‘Fingers’) in the Add Instance
Window.

(= Add Instance &l

Library  NCSU_Analog Parts Browse
—_
Cell pmaosd

Wiew symbol

Mames

o Add Wire Stubs at

< allterminals & registered terminals anly

Array Rowis 1 Columns 1

42 Rotate Ak Sideways = Upside Down
Model name amilER
hModel Type & system o user
rultiplier 1
Fingers 1

Width (grict units)

Width

Width (minimum)

Length {grid units)

Length

Length (minimum)

Drain diffusion area
Source diffusion area
Drain diffusion perimeter
Source difusion perimetar
Drain diffusion res sguares
Source diffusion res sguares
Viruoso-XL layout cell
Drain diffusion length
Source diffusion length
Temp rise from ambient

Estimated operating region

10
1w
1w
1

8000 1

500n 1

2.25e-12 |
2 25012

fu 1t

B M

sat B

Cancel Defaults Help
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m. Click with the left mouse button in the Schematic Window in order
to place one instance of the pfet in the Schematic Window. Place the
pfet above the nfet as shown in the inverter schematic.

Launch Eile Edit Wiew Create Check Options Migrate Window MNCEU Help cadence
I ) — e — - ; s - 3 = | ’
U B dI® 0mMxX 0T o ¢ -7 v 1QARAH B L1 »E
- - Warkspace: |Basic = & s :lﬁ Iy o T, | By | a n -
| Mavigator 78 %]
7 Default B.
Q B-
Marne =~
= inverter
() MO (nmosd)
L) PO (prmosd)
Property Editor 78X
o 1l L
imouse L: mouseAddPid) t: schHikousePopUpg R: Toggle Draw Mode
2(3) | Point at starting point for the router or snap to diamond using the "s" key. | Cmd: Wire 3Sel: 0 J
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. Press ‘ESC’ to cancel the placement of any additional pfets.

. If you wish to go back and change the properties (‘Width’, ‘Length’,
‘Fingers’) of the pfet that you just placed, click with the mouse on the
instance to highlight it. Then type ‘q". Another form will appear to
allow you to edit the object properties.

. Now you will create wires to connect the two devices. Click on the
Schematic window. In the Schematic window, type ‘W’ and click
with the left mouse button at the location you wish to add the wire.
The wire will be blue. Move the mouse to the final location of the
wire. Double-click with the mouse at the final location to finish
adding the wire. Press ‘ESC’ to stop adding the wire.
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q. Add wires to the Schematic window so that the design looks like the
image shown below.

Launch Eile Edit Wiew Create Check Options Migrate Window MNCEU Help cadence

L ) = fm —- ; - - 3 = ~T -

= | F 0 @ X O T ¢ -1 T QL AE L L BE

- - workspace: Basic n = G s :ﬂ'\t‘: Iy o T | By || a n =

| Navigator
7 Default B.

Q B-

Marne =~

= inverter

b () MO (nmosd)

() PO (pHosd)

Property Editor 78X

I S——e——
imouse L: mouseAddPid) t: schHikousePopUpg R: Toggle Draw Mode
2(5)| Point at starting point for the router or snap to diamond using the "s" key. |Cmd: Wire Sel: 0 J
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r. Now you will add pins to the schematic.

Click on the Schematic

Editor window. In the Schematic Editor window, type ‘p’, and an
Add Pin window will appear as shown in the image below.

Add Pin x

Vin
inpt n Bus Expansion & off _ on

schematic n Flacement & single o multiple
siggnal n

Attach Met Expression: & Mo o Yes

Froperty Mame

Default Met

Font Height

MHlame

0. 0e25 Font Style stick

L

4~ Rotate 5 Ak Sideways \% Upside Down, | Show Sensitivity ==

m\ Cancel . Defaults || Help
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. In the Add Pin window, fill in the field “Pin Names” with ‘Vin’ and for
the “Direction” pulldown, select ‘input’. Move the mouse to the
location on the wire where you will add the pin, and click with the
left mouse button to place the pin. Make sure you click the mouse
button on the wire so that the pin is connected to the wire.

. In the Add Pin window, fill in the field “Pin Names” with ‘Vout’ and
for the “Direction” pulldown, select ‘output’. Move the mouse to the
location on the wire where you will add the pin, and click with the
left mouse button to place the pin. Make sure you click the mouse
button on the wire so that the pin is connected to the wire.

. In the Add Pin window, fill in the field “Pin Names” with ‘VDD’ and
for the “Direction” pulldown, select ‘inputoutput’. Move the mouse
to the location on the wire where you will add the pin, and click with
the left mouse button to place the pin. Make sure you click the
mouse button on the wire so that the pin is connected to the wire.

. In the Add Pin window, fill in the field “Pin Names” with ‘GND’ and
for the “Direction” pulldown, select ‘inputoutput’. Move the mouse
to the location on the wire where you will add the pin, and click with
the left mouse button to place the pin. Make sure you click the
mouse button on the wire so that the pin is connected to the wire.
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w. The inverter in the Schematic window will look like the image
below.

Launch Eile Edit Wiew Create Check Options Migrate Window MCEU Help (édence
e o I § d 0 WX @ Tl ¢ -7 ¥ | Q @ 8 | 1L 1 2 »
- - Workspace: |Basic n = G s :ﬂ'\t‘: Iy o T | By || a n =
| Navigator 7.8 x|

7 Default B.
Q B-
Matne - |
= inverter

(@) MO (nmosd)

~(E) PO {prmaos)

~(2) PIND (jpin)

~(Z) FINT (opin)

(&) PINZ (iopin)
() PIME (iopin)
-, GND

'|_ woo

-, win

- Wout

= GMDP__3
- YODP_2
B YinP__(0

B YautP_1

Property Editor 78X

111
T |

mouse L: mouses ddPit) t: schHikousePopUpg
2(3) | Point at starting point for the router or snap to diamond using the "s" key.

R: Toggle Draw Mode
| Cmd: wire  Sel: 0 [

X. Now you have finished the task of creating an inverter schematic.
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y. Here is a Quick Reference of commands.

Command Quick Reference
Command Function
i Add instance
p Add pin
q Edit properties
w Add wire
f Fit schematic within your schematic window
1 Label a wire
m Move an object
DEL Delete an object
ESC Terminate any of the operations in the schematic
window
Up Up arrow moves up in a schematic window
Down Down arrow moves down in a schematic window
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13. Inverter: Creating a Symbol
a. A symbol is a representation of a schematic. Symbols are
instantiated in higher-level schematics in order to create
hierarchical schematics that represent more complex designs.

b. You will now create a symbol of the inverter that you designed in the
previous section.

c. Click on the Schematic Window. In the Schematic Window, click
‘Create - Cellview - From Cellview’. Fill in the Fields for ‘Library
Name’ as “EENG653” and ‘Cell Name’ as ‘inverter’ as shown in the

image.
Libwrary Mame EENGEE3 Browse
e
Cell Mame inwverter
From Wiew Mame | schematic n
To Wiew Mame symbaol]

Tool / Data Type  |schemaficSymbal n

Display Cellview

<

Edit Options L i

m Cancel Defaults Spply Help
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d. In the Symbol Generation Options Window, select the location of the
pins as shown in the schematic, as represented in the image shown

below.
|'-- Symbol Generation Options x|
Libirary Mame Cell Mame Wiew Mame
EENGES3 inwerter symbol
Fin Specifications aftributes
Left Pins Vin List
Right Pins Vout List
Top Fins YOO List
Bottom Pins GO List
Exclude Inherited Connection Pins:
& Mone o &l o Only these:
Load/save _ Edit attributes Edit Labels _ Edit Properties
m . Cancel . Apply L Help |
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e. After selecting the pins, click the ‘OK’ button on the Symbol
Generation Options window. A Symbol Editor window will appear

as shown in this figure.

Launch Eile Edit Wiew Create Check Options Window Help cadence
L 1 — P —— rY - - — =1 I
U= 0 @WxX QO T ¢ T 1 I = < ug
- - Workspace: |Basic =|=E'LJ & |[Ey 2 = @ ﬂq @ . & ||
| mavigator 78X =
¥ Default B.
Q B-
Mame =
= inverter
e GMD
1. vDD
1. win
1 “out
- GHOGP_ G
----- - WDDuP__ 2
----- = VinP__D0
----- - VoutP__ 1
Property Editor 78X
e
_umouse L: mouseSingleSelectPty) Wi schHitousePopUp() F: schHikousePopUp()
38} | > | cmet sek:0 [
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f. Click in the Symbol Editor window and make the changes to the
partName to ‘Inverter’ and instanceName to ‘Inv’ to match the image

shown below.

Launch File Edit WView Create Check Options Window Help

=" & 0 m X Q T, ¢ T v 1/ Q /@ &5
- - Warkspace: |Basic =|=E'u & |[Ey 2 = @ 'J—-[l\} @ . & [
| Havigator '?E'X| -
¥ Default B.
Q B-

REL =
= inverter

Property Editor 78X

mouse L: mouses ddPit)
3(6) | Click on text to edit or press ESC o cancel.

R: schCmdOption()

M1: schHikousePopUp
Cmd: Text el 0
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. If you have extra time, you can manipulate the Symbol view to turn
the rectangle into a triangle to represent the inverter. Use the menu
(with the arrow pointing to the red back-wards L-shape) at the top
of the Symbol Editor window to manipulate the geometry of your
symbol. It is considered good design practice to create symbols of
standard cells with the same size.

. Now you have completed the task of creating a Symbol from a
Schematic.
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14. Inverter: Performing a Spectre Simulation on a Schematic

a. You are now going to create another Cell View to test the inverter
that you created in the previous section. You are going to perform
DC and transient (time-dependent) simulations on the inverter. In
this laboratory, you are going to use Cadence spectre to perform the
simulations.

b. Create a new schematic Cell View called ‘inv_test’ in your EENG653
library, as shown in the figure below.

Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta

File Edit Yiew Design Manager Help cadence
_ Show Categories _ Show Files

Library Cell View

EEMNGES3|

EEMNGES3 iny_test Wiew -~ | Lock | Size
EEMGEIS inverter
MCSU_Analog_Parts
MCEU_Digital_Parts
MCSU_TechLib_amidg
MCSU_TechLib_ami16
MCEU_TechLib_hp0&
MCSU_TechLib_tsmc0lz2
MCSU_TechLib_tsmc02d
MCSU_TechLib_tsmc03
MCSU_TechLib_tsmcO3d
MNCSU_TechLib_tsmc0d_4mzP
hasic

cdsDefTechLib

dave

Messages

Log file is "fhomesafitendfac/mlanzero/cadence/ncsu-codk-1.6.0. hetadibtanager.log”.
Loading MCEU Library Manager customizations..done.
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¢. Open a schematic window for ‘inv_test’ as shown in the figure below.

Launch Eile Edit ¥iew Create Check Options Migrate Window MNCSU Help cadence
- . - — =res . P F = L E
Uue o F 0 @ X @ Ty & ¢ fa-7 7 |Q Q & B L L mE
- - Workspace: Basic n = & s :lﬁ 1y o T; | Ey | o n =
| navigator 7.8 x| ~ = =
Default B.
Q 8-
Mame =
= inv_test
Property Editor il
N S — o
mouse L: showClicklnfof) k: schHibousePoplpg R: schHitouseFoplpg
B | > | cme: seto ||
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d. Create an instance of your inverter in the Schematic window. This
inverter is the one that you created in the previous section. To
create this inverter, click on the ‘inv_test’ Schematic Window and

type ‘i’

Then select ‘EENG653 - inverter = symbol’ and place the

symbol in the ‘inv_test’ Schematic window as shown in the figure

below.

-

Likrary
Cell
Wieny

MHames

Add Instance

EENGESS

inverter

%]

Browse
S -

» Add Wire Stubs atb:

— all terminals & registered terminals only
—

Array

Frows 1 Columns

1

- A~ Rotate

_ Ak Sideways | | = Upside Down

m _Cancel | Defaults | Help
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e. Now create two instances of voltage sources. First you will add a
pulsed voltage source. Click on the ‘inv_test’ schematic window.
Type ‘I’ in the window. Then select ‘NCSU_Analog Parts -
Voltage_Sources > Vpulse’ and place the instance in the ‘inv_test’
schematic as shown in the image below. Type “ESC”.

Launch Eile Edit Miew Create Check Oplions Migrate Window MCSU Help cadence

= X - — e PO s ~O | .

U= = % 0 mx @ T ¢ -1 ¢ QA QA% 1L1LE-eE

i Workspace: |ADE L BE & [k o Uy Ay Ty | B o B-

— — e = — A o

LR OO IE B {5 IFB-&-.F-

" Default B.

Q 8-

Mame =l

k= inv_test

&= 10 (inverter)

() €O (eap)

(g VO (vpulse)

e VT (vdc)

e gnd!

oL Inpuitlet

b L Outputiet

e vt

" Inputhet

Property Editor 78X ) ) ) ) ) InputrietL 2

mouse L: showClickinfog) t: schHikouseFoplp() R: schHitousePoplUpg)
63 | > Cret: Sel: 0 Status: Ready | T=27 < | Simulator: spectrs J
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f. Now you will edit the object properties of Vpulse as shown in the
image below. For example, set ‘Voltage 2’ equal to 5V.

[ Edit Object Properties |

Apply To only current n instance n

Show _ system @ user » CDF

Browse Reset Instance Labels Display

Property Walue Display

=

Lilirary Mame NCEU_Analog Parts

=

Cell Mame vpulse

=t

Wiemy Mame symbol

=

hbkk

Instance MName w0

faTu L] Delete Ao dify
User Propery Master Yalue Local Yalue Display

Ivglgnore TRUE i

-

CDF Parameter Walue Display

=

AC magnitude

AC phase

=

=t

Yoltage 1 0w

=t

Woltage £ Ew

=

Delay time

=

Rise time 1000 =

=

Fall time 100n =

Pulse width 1u =

=t

Period 2u =

DC voltage | i

Moise file name i

=

obakn kb b

Mutmber of noisedred pairs 0

Temperature coefiicient 1

Temperature coefficient 2

Mominal temperature

m Cancel . Apply Drefaults Frevious I

m

<t Help
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g. Now you will add a DC voltage source. Click on the ‘inv_test’
schematic window. Type ‘T in the window. Then select
‘NCSU_Analog Parts = Voltage Sources = VDC’ and place the
instance in the ‘inv_test’ schematic as shown in the ‘inv_test’
schematic image above. Type “ESC”. Set the voltage source equal to
3V by editing the properties with ‘q’.

Edit Object Properties

Apply Ta only current n instance n

Show _ system o user » CDF

Browse Reset Instance Labels Display

Froperty Yalue Display

=

Library Mame NC5U_analog Parts|

=

Cell Mamea wdc

=

Wiew Mame synbol

=

abkb

Instance Mame vl

Ao Delete rA oo ify
User Property Master Value Local Walue Display

lwslgnaore TRUE

:

COF Parameter Yalue Display

=

AC magnitude

=

AC phase

=

OC voltage 3V

=

MHaise file name

=

Mumber of noisesfreq pairs o

=

Temperature coefficient 1

=

Temperature coefficient 2

=

ebbbbbE

Mominal temperature

Cancel | Apply Drefaults Frevious I

m
=
i
E

=
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h. Now you will add a capacitor. Click on the ‘inv_test’ schematic
window. Type ‘I’ in the window. Then select ‘NCSU_Analog_Parts -
R_L_C = cap’ and place the instance in the ‘inv_test’ schematic as
shown above.

i. Now connect these components with wires. Click on the ‘inv_test’

schematic window. Type ‘W’ in the window and add wires to
connect the components as shown in the ‘inv_test’ schematic.
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Label the ground and supply wires as shown in the ‘inv_test’
schematic by adding a wire name. To add a wire name and thereby
label a wire, click on the wire and then type ‘I’ in the schematic.
Type the desired name of the wire. This example shown the label
for the wire called ‘vdd!. The use of the ‘!’ indicates that this name is
a global wire in the circuit. Two examples of global wires are ‘vdd!
and ‘gnd!” in your schematic. With the use of ‘', you do not need to
have separate pins for the supply terminals of each cell, and it is
therefore convenient to use ‘vdd!” and ‘gnd! to simplify the circuit.

Add Wire Name x|

Met Expression

wdd!

0. 0s25 Bus Expansion & off _ on

stick n Placement 2 single o multiple
lmverCenter n Furpose ® |abel _ alias

fixed offset n Bundle Display & harizantal verical

Showe Offset Defaults

A2 Fotate

m Cancel Defaults Help
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k. Label the net that is input to the inverter as ‘InputNet’ and the net
that is output from the inverter as ‘OutputNet’ as shown in the
schematic below. Now you have labeled all of the nets.

Launch File Edit Miew Create Check Options Migrate Window NCSU Help cédence
(= % 0 M@ % @ T @ ¢ -1 7 K QA E [T L L e E
A A Warkspace: |ADE L n = @0 M :ﬁ 'L[% Y ']h | \3& Q- n -

waC i S ke = = e
£ 0O e =
" Default B
Q B -

Mame - |
k= inv_test
= 10 (inverter)
(g CO (ap)
(2D VD (vpulze)
) VT el
el gndt
e L Inputhlet
e Outputhet
L vt

InputMet

Property Editor zax . : : : © Tnputtiet]
ouse L: showClickinfog) M: schHitousePoplpg R: schHiMousePoplpg
)] ‘ = Cmil: Sel: 0 Status: Ready |T=27 C | Simulator: spectre J
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l. Now you will Check and Save your schematic. Click on the schematic
editor for your ‘inv_test’ schematic. Select ‘File - Check & Save.’
The Check & Save should run without errors, as indicated in the log
file in the CIW as shown in the image below.

Virtuoso® 6 64b - Log: /home/afiten3/fac/mlanzero/cadence/ncs beta/CD5_03162012.log

Fila Tools Options Help cadence

*UARNING® hilleleteForn: Cannot delete a form that is mapped or Erom within the form's callback [_schHiSaveRsFarm)
“UARNING* hiGreateForn: Gould not delete already created form _schHiSaveAsForm
Betting schenatic propert bagletting schematic propert hag
*UARNING* hiDeleteForn: Cannot delete a form that is mapped or from within the form's callback ( schiiSaveRsForm)
+YARNING* hiCreateForm: Could not delete already created form _schHiSaveAsForm
Getting schematic propert bagGetting schematic propert bag
Synbol (inwerter synhol) gencrated and saved in librory:LENGES3
INFD (SCH-1061): Completed gensrating design in library "EENGES3' as "inverter® "symbol".
adding CDF information
adding base cell CDF parameter information
Adding base cell OIF simulation information
Adding base ik CDF label display information ..
*UARNING* hiDleleteForn: Cannot delete a form that is mapped or from within the form's callback ({ schHiSaveRsForm)
+YARNING* hiCreateForm: Could not delete already created form _schHiSaveAsForm
INFO (SCE-1117): "inverter symbol" saved

Libracy Manager new cellview cequest for libracy "EENGESI".

Library Manager new cellview request for cell "EENGES3 inwertsr”
Getting schematic propert bag
Getting schematic propert bag
Gekting schematic propert bag
Getting schematic propert bag

Library Manager new cellview request for cell "EENGES3 inwerter”
Getting schematic propert bag

vdd (instance "I1", library "NCSU_Analag Parts®)
wire drawing -> bounding box: (0. 62,-2.94) (062, -2.38)

wire drawing -> hounding bax: (-0.38,1.06) (-0.38,1.62)
*UARNING* hiDeleteForn: Cannot delete a form that is mapped or from within the form's callback ({ schHiSaveRsForm)
+YARNING* hiCreateForm: Could not delete already created form _schHiSaveAsForm

Getting schematic propert bagGetting schematic propert bag

wde (instance "V1", lihrary "NOSU Analog Parts")

wpulse (instance "¥0*, Library "NCGSU_analog Parts")
INFO (SCE-11T0): Extracting "inv_test schematic®

INFO (SCH-1426) : Schenatic check completed with no errors.

Gekting schematic propert bagBetting schemakic propert bagINFD (SCH-1181): "EENGGS? inv test schemakic' saved

Iimouse L shawClickinfo) M: schHiMousePopUp( R: schHiMauseFopUpg)
1]
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m. Now you will start the Spectre simulator. In the ‘inv_test’ schematic,
click on ‘Launch - ADE L’ and click on ‘Yes’ to check out a license.
One new window will appear with the title Virtuoso ® Analog
Design Environment in the banner at the top of the window as
shown below.

|. Virtuoso ® Analog Design Environment (1) - EENG6E53 inv_test schematic
Seszion  Setup  Analyses Wariables Outputs  Simulation Results Tools Help cadence
I 27 I
Analyses =
Design Wariahles Y — Eac
Type | Enable| Arguments | U=
Mame | Walug | @
=
®
Outputs Zéﬂﬂ ®
ame/Signal/Expr | ¥alue | Plot| Save| Save Options | |_
. Flot after simulation: | Auto n Flotting mode: Replace n
o
lnmouse L: k: R:
7¢10) | Plot Outputs | Status: Ready | T=27 C | Simulator: spectre J
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n. A second window may also appear titled ‘Virtuoso ® Visualization &
Analysis XL’ window as shown below. If this window does not
appear, it will show up later when you are plotting the waveforms
from your schematic. (As a heads up, this will involve running a
simulation and then selecting ‘ADE->Results—> Direct
Plot-> Transient Signal’ after which the window will appear).

File Edit “iew Graph Axis Trace Marker Measurements Tools Window Erowser Help

Uj Lay out:| Auto nSubwindows: Subwin n Workspace: | Classic n |=E'LJ l(==-|0
» =

.l/_ EEMGESS inv_test schematic [

.8(1 3 | plot nevs graph subwindow J|
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0. In the Virtuoso ® Analog Design Environment ‘inv_test’ schematic
window, click ‘Setup -> Simulator/Directory/Host’ and select
‘spectre’ as the simulator in the window that appears. Then click
‘OK’ in the ‘Choosing Simulator/Directory/Host’ window. The field
for the Project Directory specifies the location where all the
simulation files are written. Files in this directory should be
removed regularly so that you have enough space for your
simulations.

‘- Choosing Simulator/Directory/Host -- Virtuoso® Analog Desi x|

Simulator spectre n

Project Directory ~fcadence nocsu-cdk-1. 6. 0. heta
Host kode & |ocal o remote o distributed
Hiost

Remote Directory

m Cancel Defaults Apply Help
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p- Now you are going to set up your model libraries to point to the
models for the nfet and pfet that will simulated by spectre. Click on
the Virtuoso ® Analog Design Environment window and click on
‘Setup > Model Libraries’. The spectre0: Model Library Setup form
will appear as shown in the image below. Select the two models for
your nfet and pfet as shown in the image. At AFIT, the paths to the
models for the nfet and pfet are, respectively:

i. /apps/vlsi/ncsu-cdk-
1.6.0.beta/models/spectre/nom/ami06N.m

ii. /apps/vlsi/ncsu-cdk-
1.6.0.beta/models/spectre/nom/amiO6P.m

] spectre0: Model Library Setup E]N

|Madel File |Sectian |
= Global Model Files
i o fappsivisiinesu-cdk-1.6.0 beta/models/spectre/momsamilBh. m 4

vl fappsivisiincsu-cdk-1.6.0 heta'models/spectrednomsamilGR . m C I

wol (=Click here to add model file=

_Cancel | Apply | Help
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Now you will save these settings. In the Virtuoso ® Analog Design
Environment, click on ‘Session = Save State’ and a window will
appear. This window is the ‘Saving State’ window shown below.
Each time you run the simulation, you can load the previous session
so you do not need to load the model paths again.

Saving State -- Virtuoso ® Analog Design Environment (1)

Save State Option & Directory o Cellview
Directory Options
State Save Directory Erowse...
Save As statel
Existing States
Cellview Options
Library EEMGESS
Cell inv_test BErowse..
State spectre_statel
Description
QLTS |
What to Save
Select All Clear &ll
» Analyses » Variahles » Outputs
» Model Setup # Simulation Files # Environment Options
# Simulator Options » Convergence Setup # Waveform Setup
» Graphical Stimuli » Conditions Setup # Results Display Setup
# Device Checking Setup # Relxpert Setup » Cosimulation Options
# Turho and Parasitic Reduction » MOL Control Setup  # Distributed Processing
» Parameterization Setup
m Cancel | Apply Help
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r. Now you are going to do a DC analysis and a transient (time-
dependent) analysis of your inverter. To select the DC analysis type,
in the Virtuoso ® Analog Design Environment window, click on
‘Analyses - Choose’, and a ‘Choosing Analyses’ window will appear
as shown in the image below. In the ‘Choosing Analyses’ window
select the ‘dc’ radio button and click the box for ‘Save DC Operating
Point'.

- Choosing Analyses -- Virtuoso® Analog Design E x|

Analysis  fran & dc s ac  hoise
o — Sens o domatch o sth
o 12 W/ 5P — envip o 5%

— pac o psth L phoise L pef

- pEp — qpss o qpac — fpnoise
e Gpsf w fpsp o hhb  hhac
. hbnoise

DC Analysis

Save DC Operating Paoint L
Hysteresis Sweep

Sweep Yariable

__ Temperature
_ Design Yariable
_ Component Parameter

__ Model Parameter

Enabled Ciptions...
e ————

m Cancel Defaults Bpply Help
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s. To select the Transient analysis type, in the Virtuoso ® Analog
Design Environment window, click on ‘Analyses - Choose’, and a
‘Choosing Analyses’ window will appear as shown in the image
below. In the ‘Choosing Analyses’ window select the ‘tran’ radio
button and set the field ‘Stop Time’ equal to 10 microseconds (10
@s).

] Choosing Analyses -- Virtuoso® Analog Design EE]

Analysis & fran o dc o/ AC — hoise
o Af — §ens o dcmatch o sth
o PZ o 5P — Eenvip — PEs
- pac ~ psth o pnoise o pef
- pap o [pss W gpac — gpnoise
Ot — fpsp o hhb — hhac
— hbnoige

Transient Analysis

Stop Time 10u
Accuracy Defaults (errpresef)
_ conservative & moderate _ liberal

__ Transient Moise

_ Dynamic Parameter

Enabled Ciptions...

-

m _Cancel ) Defaults | Apply ) Help
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t. Now you are going to run the DC and transient simulations. In the
Virtuoso ® Analog Design Environment window, click on
‘Simulation = Run’, and the simulation will run as shown in the CIW
log file. The simulation should run successfully, as reported in the
CIW log file.

Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CD5_03162012.log

File Tools Options Help cadence

generate netlist. ..
Loading spectreinl. oxt
Loading seCors. cxt
Initializing the control file using cp:
cp fapps/vlsi/Cadence/ICE1S /tools. L6 /df IT/ete fsi/control. spectre /home/afiten3/fac/mlanzero/cadence/nesu-cdk-1. 6. 0. beta/inv_test/spectre/schematic/metlist/control
Copying Spectre source file 'spectre. inp'
Copying Spectre command file 'spectre.sin'
Begin Incremental Netlisting Mar 16 18:52:05 2012
ERROR (DSSHNL-108) . The property, 'comnectivitylastUpdsted', specified on library 'EENGGS3', cell 'inverter',
view 'schematic', dees not have an integer value. Re-extract the design (File->Check
and Save menu option) to correct this error

End netlisting Mar 16 18:52:06 2012

ERROE (OSSHNL-514) : Netlisting failed due to errors reported before. Netlist may he corrupt or may not be produced at all. Fix reported errors and metlist again.
unsuccessful

Loading devCheck. cxt

INFO (SCH-1170): Extracting "inverter schematic”

INFO (SCH-1426) . Schematic check completed with no errors

Getting schematic propert hagbetting schematic propert bagINFO (SCH-1181): "EENGES3 imverter schematic® saved

INFO (SCE-1170): Extracting "inv_test schematic”

INFO (SCH-1426) . Schematic check completed with no errors

Getting schematic propert hagBetting schematic propert bagINFO (SCH-1181): "EENGES3 inv_test schematic® saved

Delete psf data in /home/afitend/fac/nlanzero/vadence/nesu-cdk-1.6.0.beta/iny test/spectre/schematic/pst.

generate netlist

Begin Incremental Netlisting Mar 16 18:52:47 2012

End netlisting Mar 16 18:52:48 2012

Hetlisting Statistics
Hunber of compenents H

Elapsed time 1.0s (6.00/s)
Errors: 0 Warnings: O

.. .successful
compose simulator input file

.. .successful
start simulator if needed. ..

successful

Loading paraplot. cxt

simulate. . .
INFO (ADE-3071): Simulation sompletsd successfully
reading simulation data. ..

.. successiul

nmouze L: I R

- [l
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u. Now you can visualize the simulation results. To see the results of
the DC analysis, in the Virtuoso ® Analog Design Environment, click
on ‘Results >Annotate DC Node Voltages’. The results will be
displayed in the schematic window with circuits.

L]
Launch File Edit View Create Check Options Migrate Window NCSU Help cadence
SR d 0 EXQLE, ¢ 87 7 IR ARITHLLESE
-~ warkspace: |ADE L B G e s o T | & [ o B-
EWE QO DB |8 -G F-
Deiault 2.
Q M-
Tarme =i
i inv_test
@ 10 (inverter)
@) CO (cap)
©) VO {vpulse)
W1 (vdc)
# L gnd!
L Inputiet
L Outputhlet
e vedd!

" nputNet

Outputhlst

Property Editor 78 %

mause L: showClickInfo}

M schHikousePopLp() R: schHiMouseFopUp()
63| > Crmdl: Sel: 0_Status: Ready | T=27_C | Simulator: spectre ||
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v. To see the results of the transient analysis, in the Virtuoso ® Analog

Design Environment, click on ‘Results > Annotate > Transient Node
Voltages’. Your cursor will move to the schematic window. To
visualize the time-dependent values of the voltages on nets, click on
the ‘InputNet’ and ‘OutputNet’ wires. The nets will become red and
pink dashes after you click on them. (To visualize time-dependent
values of current, click on nodes.)

Default

Mame
= inv_test
G- 10 (inverter)
(@) C0 (cap)
(&) V0 (vpulse)
©) W1 (vidc)
=1 gnd!
- [ilinputret
bl Outputilet
e L weddl

mouse L: showClickinfad)
i) | >

JLJ
Launch File Edit View Create Check Options Migrate MWindow MNCSU  Help cadence
= d 0 @ %X Q@ T ¢ -7 QU ad|M|wL LB
-~ Warkspace: | ADE L B & [k e Uy i T By o B-

* @E:0oIE B & B~ k-

Property Editor 78X

R: schHitousePaplpl
Cmd: Sel: 0 Status: Ready | T=27 C | Simulator spectre J

M: schHibousePapUp(
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w. After you have selected the wires, and they have become dashed,
click ‘ESC’ in the window. A new Virtuoso ® Visualization &
Analysis XL window appears as shown here. (Remember, this
window may have appeared earlier as mentioned previously).

Virtuoso (R) Visualization & Analysis XL

File Edit ¥iew Graph Axis Trace Marker heasurements Tools Window  Browser Help (éden(e
9 FL] Ej ¥} Layout| &uto nSubwindows:ient Responsen Workspace: | Classic n |=E'\__J l(==-|0

" Ny = 3 N = 1 Ty N

QO & & » N L

V1 EEMGES3 inv_test schematic D

Transient Response
Mame

time {us)

.8(1 3 | plot nevs graph subwindow J|
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X. As mentioned previously, a second method to display the ‘InputNet’
and ‘OutputNet’ waveforms is to select ‘ADE->Results—>Direct
Plot>Transient Signal” Then on the Schematic, click on the
‘InputNet’ and ‘OutputNet’ and then click ESC. The waveforms will
appear as shown in the plot above in the Visualization & Analysis XL
window.
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y. The spectre.out file that lists the output log file for the spectre
simulator is shown below (divided into two parts for clarity).

beta/iny_test/spectre/schematic/psf/spectr

/home/afiten3/fac/mlanzero/cadence/ncs

File Help cadence

Tadence (R) Virtuoso (R} Spectre (R) GLrcUit Simulmtor
Version 10011 218 isrld fdbit -- 5 Sep 2011

Copyright () 1080-2010 Cadence Design Systems, Ine cadence, Virtuese and Spectre are registered trademarks of ©

&11 rights reserved worldiide

Protected by U.S. Patents
5.610,847; 5 790,436; 5 812,431; 5,859,785, 5,949,992, 5,987, 238;

£.088,523; 6,101, 323; 5 151,698; 6,181.754; 6. zsu 176 6,278, 964;
6,349, 272; 6,374,390, 6,493,848, 6,504,885, 6,618,837, &, 636, 839;
6,773, 025; €, 832,358, € 851,007, €,928,626; T, 024 €52, T.03E, 782;
7,085, T00; 7,143,021; 7,493,240; 7,571,401

Includes RSh BSAFE(R) Gryptographic or Security Protocol Software from RS Security, Inc

User: mlanzero  Host: wlsilab05  HostID: 50815118  PID: 3966
Menory availeble: 23,0303 B physival: 25,2792 6B
K565

CPU Type: Intsl(R) Xeon(R) CPU 0 @2 676Hz
Processor PhysicallD Corell Frequency
0 i 0 26601
1 i 1 26601
2 0 2 2660.1
El i g 2660.1
4 0 9 2660 1
5 i 10 2660. 1

sinulating ‘input. sce' on vleilah0S at €:52:51 PM, Fri Mar 1€, 2012 (process id: 996€)
SPECTRE_DEFAULTS=-E

Gonmand Line
/apps/ulsi/tadence MMSIMIN] /tools. LnxB6 /spectre /bin/b6dbit /spectre
N

input. soe +escehars +log .. Apsf/spertre. out sinter-mpec
“mpssession=spectrel 9104 1 -fornat psfxl -raw .. /psf \

+1qtingout 900 -maxy & -maxn 5

spectre pid = 9986

Loading /apps/vlsi/Cadence MMSTHI01 /tools. LnxB6/cmi /Lih/6dbit/S. 0/Libinfineon_sh. so
Loading /apps/vlsi/Cadence MuSTNI01 /tools. Lx@6/oni /Lib/6dhit/5. 0/Libphilips_sh. 20
Loading /appsvlsi/Cadence MMSIMIOL /tools. LexB6/cmi/Lib/64bit/5 0/Libsparan_sh. so
Loading /appsvlsi/Cadence MMSIMION /tools. LxB6/cni /Lib/64bit/5. 0/LibstnodeTs_sh. so

Tine for NDE Parsing: CPU = 90 985 ms, elapsed = 2.19821 s
Tine acounulated: G2U = 00, 08E nw, elapsed = 210821 s.
Peck resident menory used = 34.1 Mbyteo

Tine for Elaboration: GPU = 16998 ms, elapsed = 57 3261 ns
Tine accunulated: CPU = 107 983 ns, els p ed = 225568 s
eak resident menory ueed = 3.1 Hbyce

Tine for EDB Visiting: CPU = 0 s, elapsed =
Tine accunulated: CPU = 107.983 ms, elapsed
Beak resident memory used = 384 Mbyte

20.493 ns
= 2.27629 =

Circuit inventory

capacitor
vaource

Tine for parsing: GBU = 2 ns, elapsed = 28.204 ns
Tine accunulated 103565 ne, elspasd - 230453 <
|1 My

U
Peck resident menory used =

Entering remote command mode wsing MPSC service (spectre, ipi, w0 .0, spectre0_9104_1, )

Warning from spectre
WARNING (SPECTRE-16707): only tran supports pefxl format., result of other analyses vill be in pofbin fommat

Dt Analysis *deop’

pivvvt St et

Ingortant pauaneter values
reltal =

abstul(V)

abatnl(I) ;
tenp

i
tempeffecta = all

Sarvorqence athieved in 12 iterations

Total fime required for dc analysis "dedp': CPU
Tine accunulated: GPU = 110.983 ms, elapsed = 2
Peak resident memory used = 30.7 Mbytes

= 1 ms, elapsed = 19.1212 ns
35424 =

ac0pInfo. writing eperating peint information to rawfils

Trangient Analysis “tran': time = (0 ¢ —> 10 ue)

Inportant parsmeter values
=0
us

step nz

maxstep = 200 ns

ic = all

useprevic = no
I~ il |

a
outpukstart = 0 o
stop = 10

11
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The second part of the spectre.out file that lists the output log file for
the spectre simulator is shown below (divided into two parts for
clarity).

/home/afiten3/fac/mianzero/cadence/nesu:

Eile Help cadence

Tine for parsing: CPU = 2 ms, elapsed - 28,204 m
Tins sccunulaved: GPU - 103003 3. elapaed - 2. ETE
Peck resident memory used - 39.1 Mhyt:

Entering remote command mode nsing MPSG service (spectre, ipi, v0.0, spectrel 9104 1, )

Warning from spectre
WARNING (SPECTRE-16707): Only tran supports psfxl format, result of other analyses will be in pafhin format.

D0 Analysis “dolp'

Inportant parameter values
reltol = le-03
ahatoli¥)
sbetal{Z)

tempeffects = all
s
Convergence achieved in 12 iterations

Total time required for dc analysis "dedp': CBU = 1 ns, elapsed = 19.1212 ns
Time accunulated: CPU = 110.983 ns, elapsed = 2.35424 =

Peak resident memory used = 38.7 Mbytes

delpInfo: writing operating point information to rawfile
Transient Analysis ‘tran': time = {0 = -> 10 us)
Inportant parameter values:
L
outputstart = 0 s
step = 10 ng
naxstep = 200 ns
ic = all
useprevic = o
skipde =
Feltel - 1o-13
abstol(y) wy
etal(d) = 1 pa
- all
moderate
aponly
=35
golobal
F
=304.1ns (304 %), step = 100.9 ns 101 %
=904.1ns (904 &), step = 200 ns 2 &
- 1255 us  (12.6 %), step = 5.287 ns {529 m)
=183 us  (18.5 &) step = 200
=227l us  (22.7 %), step = 84.51 ns (845 |
=284 us (284 %), step = 200 ns
=395 (325 %), otep = B8.592 ns  (85.3 my)
= 3852 us  (38.5 &) step = 147.6 no .48
=428 us {428 %), step = 88.78 ns [CEEY
- 4857 us  (48.6 %), step = 200
= 5.25 us 2.5 %), step = 8.606 ns  {86.1 n
=575 us (576 %), step = 200 ns 2
- 5.299 us (63 &), step = 98.64 ns (986 ]
- 6.897 us (63 &), step = 200 ns
= 7951 us  (72.5 %), step = 2.8 ns {275 m]
- 7833 us  (78.4 %), step = 160.9 ns 2!
- B8.295 us  (82.9 %), step = 95.33 ns (363 )
- 8887 us  (88.9 %), step = 200 n
= 0956 us  (92.6 %), step = 10.71 ns (102 )
tran: tine = 0.823 ue  (03.2 %), step = 200 ns
Wnher of accepted tran steps = 284

Notice from spectre during transient analysis " tran'
Trapegoidal ringing is detected during tran analyeis
Plenoe uoe method-trep For hetter results andl performance

Initial condition selution tine: CPU = 0 5, elapsed = 70,0951 u;
Thtrinsic tren smalyols time:  CBU - 11008 me, elapeed = 20 TATZ me

Total tine required for tran analysis tran': CPU - 11,999 ms, elapsed - 30,066 ns
Tine accwwslated: CPU - 124.98 ms, elapoed = 2,39621 3

Pezk resident nemory used - 40.6 Mhykes

finalTine0P: writing operaking point information to rawfile
nodelParanster: writing model paramster values to rawfile
elenent: writing instance parameter valuss to rawfile
outpUtPAraNeter: Vriting oUtput paraneter values to rawfile
desigrParan¥als: writing netlist parameters to rawfile
prinitives: writing primitives to rawfile

subskbs: wribing subGircuits bo rawfile

i
11| Helpaction |
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aa. Click on the input waveform in the “Virtuoso Visualization &

Analysis XL” window to display the waveform as a dashed, bold line
as shown in the image below.

Virtuoso (R) Visualization & Analysis XL —[|O]|*
Graph  Axis Trace Marker heasurements Tools Window Browser Help (éden(e

..}n_.l

File Edit Wiew
W &%
QO K

V1 EEMGES3 inv_test schematic D

Ik Uj ¥} Layout| &uto nSubwindows:ientResponsen Workspace: | Classic nlzf'LJ @0

Q> LRJIEY Y

Transient Respo
Mame

nse

[ —— T LY
Tl T T T T I ———
i e . 3
LT YT PP —
L . .
L LY A S ——
L
R ——— P

time {us)

mause L:
33(86) | Calculator
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bb. Right-click on the bold dashed line (the input waveform) and
select “Table > New Window.” Notice when you move the cursor
over the dashed line, the (%, y) coordinates of the waveform are
displayed. The table below shows all coordinates.

o Virtuoso (R) Visualization & Analysis XL Table [=l[=)x]
File view Tools Help cadence
=N=N0=

@  nputiet @
time (s) | Inputrlet (v |
0.0 oo

1_ (|
2 202989 101.56-3
G 3603E-3 160 1E-3
a4 6470E-9 323.56-3
5 122169 510.35-3
6 23P8E-3 1164
7 2B.24E-9 1312 _
6 27.51E-9 1,376 :
9 3007E-3 1504
10 35.19E-9 1,760
11 35.90E-9 1,595
12 44.28E-3 2214
13 50.46E-9 2523
14 55.93E-9 2797
15 60.25E-3 3013
16 63.34E-9 3167
17 65.56E-9 3.328
18 70.33E-3 357
13 73.85E-9 3694
20 7E.11E-9 3505
21 5341E-3 4171
2z 91.04E-9 4552
23 100.0E-9 5.000
24 102 0E-3 5000
25 105 7E-9 5.000
26 1091E-9 5.000
27 1158E-3 5000
26 1294E-9 5.000
23 156.4E-9 5.000
G0 2105E-3 5000
a1 3187E-9 5.000
G2 51879 5.000
G 718 7E-3 5000
G4 9187E-9 5.000
35 1.100E-6 5.000
36 1.108E-6 4573
a7 1.120E-6 3,983
3@ 1.141E-6 2536
53 1143E-6 2563
40 1.163E-6 1835
41 1.169E-6 1557
42 1174E-6 1322
43 1.178E-6 1077
44 1.184E-6 B10.76-3
45 1157E-6 673 7E-3
46 1.190E-6 495963
47 11936 371.56-3
45 1136E-6 185 6E-3
43 1.193E-6 92.85E-3
50 1.200E-6 0.0
51 1201E-6 00
52 1.203E-6 0.0
53 120566 0.0
54 1.208E-6 00
55 1.214E-6 0.0
56 1.226E-6 0.0

57 1251E-6 00
56 1.300E-6 0.0
59 1.393E-6 0.0
601 533E-6 00
il 1.793E-6 0.0
G2 1.897E-6 0.0

63 2 000E-6 00

64, 2.007E-6 331.56-3 =
65 2.017E-6 541.36-3 L
BB ? N?RF_-R 1323 -

gl

o
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cc.Click on the output waveform in the “Virtuoso Visualization &

Analysis XL” window to display the waveform as a dashed, bold line
as shown in the image below.

Aol Virtuoso (R) Visualization & Analysis XL

=[O
File Edit ¥iew Graph Axis Trace Marker heasurements Tools Window  Browser Help (éden(e
9 FL] Ik Uj ¥} Layout| &uto nSubwindows:ient Responsen Workspace: | Classic n |=E'LJ l(==-|0
oy Frn ) > L » - h[’ [ ﬁ" Iuml
QO 4 Q ; b dile

V1 EEMGES3 inv_test schematic D

Transient Response
Marme

[
K
i
i
i
[ ]
[
'
L]
1
1
1
1
1
1
A
il
a
]

time {us)

mause L: I
33(56) | Next Edge
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dd. Right click on the bold dashed line (the input waveform) and
select “Table > New Window.” Notice when you move the cursor
over the dashed line, the (%, y) coordinates of the waveform are
displayed. The table below shows all coordinates.

Ay

Virtuoso (R) Visualization & Analysis XL Table BIEE
File  Wiew Tools Help cédence
Id = 1B
W outputet B
- tirme (5 | Outputtet (V) |
100 3.000
2 2 079E-3 3.000
5 3603E-9 3.000
4 F470E-3 3.000
5 1271E-3 3.001
B 23.68E-9 2.973
7 2R 24E-3 2355
& 27 51E-3 z.341
9 0.07E-9 z.anz
10 35 19E-3 2758
11 39 90E-3 2437
12 44.28E-9 ziz7
13 504BE-3 1.440
Sl 55 S3E-5 7B0.BE-3
15 60.25E-9 343.6E-3
1B Fid 34E-3 173.6E-3
17 66.56E-9 79.58E-3
1@ 70.33E-3 29.70E-3
19 73 .65E-9 11.51E-3
20 76.11E-9 3E11E-3
21 G341E-3 545 ZE-B
22 91.04E-3 372.9E-6
23 100.0E-9 383.8E-6
24 102 NE-3 239.2E-B
25 105 7E-9 70.40E-6
26 109.1E-9 23.25E-B
27 1158E-3 77 A1E-9
28, 129 4E-5 33 48E-9
23 156.4E-9 -6.540E-3
30 210 5E-3 24 48E-9
a1 318.7E-9 -2.787E-9
32 518.7E-3 21 96E-5
33 718.7E-3 -1.180E-9
a4 918.7E-9 20.45E-9
35 1 100E-5 2934E-12 hdl
38 1.108E-6 -Z76.1E-6 -

il

Click a property to edit.
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ee. From the information contained in the (X%, y) tables obtained
from the input waveform and the output waveform, values for the
following quantities can be obtained:
i. For the falling transition of the input waveform

1. Fall time (The time for the value of the waveform to fall
from 90% to 10% of its maximum value, usually VDD, to
GND).

2. Delay (The time between when the value of the input
waveform is halfway between its minimum and
maximum values and when the value of the output
waveform is halfway between its minimum and
maximum values).

ii. For the rising transition of the input waveform

1. Rise time (The time for the value of the waveform to rise
from 10% to 90% of its maximum value, usually VDD,
from GND).

2. Delay

ff. The value of the width of the inverter pfet can be changed so that it
is double the width of the inverter nfet (a new value of the beta
ratio). New values for the following quantities can be obtained and
compared with the values in (ee).

gg.The value of the width of the inverter pfet can be changed so that it
is triple the width of the inverter nfet (another new value of the beta
ratio). New values for the following quantities can be obtained and
compared with the values in (ee) and (ff).
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The value of the output load (cap) can be changed to C = 10pF
and to C = 100pF. For each case, calculate the Rise time, Fall time
and delay for the rising transition and falling transition. Compare
with results in (ee).

The value of the voltage driving the input net can be adjusted to 3V
(to match the output net). Simulations can then be performed for
the case in which the inverter pfet:

i. Takes on the initial value of the width.
1. values for the following quantities can be obtained:

a. For the falling transition of the input waveform
i. Fall time
ii. Delay

b. For the rising transition of the input waveform
1. Rise time
ii. Delay

ii. Has twice the width of the inverter pfet
1. values for the following quantities can be obtained:

a. For the falling transition of the input waveform
i. Fall time
ii. Delay

b. For the rising transition of the input waveform
1. Rise time
ii. Delay

iii. Has three times the width of the inverter pfet
1. values for the following quantities can be obtained:

a. For the falling transition of the input waveform
i. Fall time
ii. Delay

b. For the rising transition of the input waveform
i. Rise time
ii. Delay

Now you have simulated your inverter.
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15. Inverter: Creating a Layout

a. In the Library Manager, highlight your library “EENG653” and the
Cell “inverter.” Then, click on “File > New = Cell View”

] Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta E]@E]
File Edit “iew Design Manager Help cadence
_ Show Categories _ Show Files
Library Cell View
EEMGESS inverter schematic

iny_test View -~ | Lock Size
MNCSU_Analog_Parts
MCSU_Digital_Parts symbol 23k

MCSU_TechLib_amils
MWCSU_TechLib_amil6
MCSU_TechLib_hpo
MCEU_TechLib_tsmedZ
MCEU_TechLib_tsmeOzd
MCSU_TechLib_tsmc03
MCSU_TechLib_tsmed3sd
MCSU_TechLib_tsme0d_dkzP
hasic

cdsDefTechLib

megan

Messages

but was defined in libFile Yhamesafitend/fac/mlanzero/cadencesncsu-cdk-1.6.0 beta/cds lib' for Lib 'EEMNGESS"
Warning: The directary: Yhomedafiten3ifac/mlanzera/cadence/ncsu-cdk-1 6.0 beta/dave’ does nat exist

hut was defined in libFile Yhame/afitens/fac/mlanzero/cadence/ncsu-cdk-1.6 0 beta/cds lib' for Lib 'dave’
Warning: LIE EEMGESS from File /home/afitendfac/mlanzero/cadence/nesu-cdk-1.6.0hetascds.lib Line 19 redefines
LIE EEMGESS fram the same file {defined sarlier)
Warning: The directory: Yhomesafitendffac/mlanzero/cadence/nocsu-cdk-1.6.0.heta/EENGEIS/EENGESS' does not exist

but was defined in linFile Yhomesafiten3/facimlanzero/cadencemosu-codk-1.6.0.betascos.lib' for Lib 'EENGESS".
Warning: The directory: Yhomesafitenffac/mlanzero/cadence/nosu-cdk-1.6.0.betasdave’ does not exist

but was defined in linFile Yhomesafiten3/acimlanzero/cadencemosu-codk-1.6.0 betascos. lib' for Lib ‘dave’.

[ O —
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)

b. The window that appears is shown below. Fill in the field “View’
with the word ‘layout’ and select “Type” as ‘layout’. Then click ‘OK’.

- New File (x|
File
Library EEMGESS n
Cell inverter
Wieny layout
Type Jaynut n
Application
Open with Layout L n

_ Alvays use this application for this type of file

Libwrary path file
mezeroScadence mosu-cdk-1. 6. 0. betascds. 1ib

m Cancel Help
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c. An empty layout window will appear in edit mode: “Virtuoso Layout
Suite”

Launch File Edit Wiew Create “erify Conneclivity Oplions Tools Window Assura QRC Oplimize NCSU Help cadence
i G |¢%> D m % =20 =] B » | & » :S ¢ » ||[Workspace: |Classic nE‘_, @3
l'h -;,.,.)E g °§1§‘kﬁ\ £\ E\ ! » || (FSelectd Selik):0 Seli:D Sel(0p0 | X-3B000 Y:58500 dX dy: Dist Cmd

AV [ A5 M3
pusell drawing n -
all valic Layers [ @0
— Used Layers Only

Q B-

B el drawing o o
aclive drawing o o
nact.. drawing » o

drawing o o |

drawing o o -
drawing o o
drawing o &
drawing o o

draving o ~
. drawing o
L odrawing ¥ W
drawing o o
drawing o o
drawing o o
drawing o &
Lodrawing o o
nodrc drawing o &
nolpe drawing o o
pad  drawing o W

W tet  dlrawinn o W
Objects 78X

Object T )

B Shapes CARCN =
b CirclefElll.. ¥ o hd
Donut o
: ¥ ¥

¥ ¥
LAt
o
Rectangle o o
Objects 1 Guides
mouse L: showClickinfog) h: sevDirectPlot('sevSession! "asiiPlotTranSignalCE) R: _lsHitousePopUp()
4(8) ‘ > Belect nodes or terminals, press <esc> to finish selection | Cnef J
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d. Click on the layout window and create an instance of the nmos4
device by typing ‘1’ in the layout window. Click on the Browse
button, and choose “NCSU_TechLib_ami06->nmos—>layout” as
shown in the Create Instance image below.

|'-- Create Instance x
Library  NCSU_TechLib amilp Browse
Cell o s
Wienw layout
Marmes I1
Mosaic Riows 1 Columng 1
Deltay 2.7 Delta ® 4.8
Halo ~ Define Halo ...
Physical Only _
iy . il .
\ Hk Rotate )\ Ak Sideways )\ = Upside Down ]
kodel name amileN
Model Type & system o user v
m\ Cancel | Defaults | Help |
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e. Instantiate this layout for the nmos device in your layout.

Library Browser - Create Instance

_ Shovwy Categories

Library Cell View
MCSU_Techlib_amila nmos layout
EEMGEDS ml_elec View -~ | Lock i
MCSU_analog_Parts ml_n | -
MCSU_Digital_FParts ml_p
RCSU_TechLib_amil& m1_paly
RCSU_TechLib_amilG me_m
MCEU_TechLib_hpos ma_me
RCSU_TechLib_tsmc0E metall
RCSU_TechLib_tsmcOgd metal?
MCSU_TechLib_tsmc03 metald
FRCSU_TechLib_tsmc03d nactive -
NCSU_TechLib_tsme0d_damzP | EEE | | - o
avTech ntap e
hasic el
cozDefTechLib pactive
megan pmos
paly
< il B ||| rtap E
Close Filters... Display... Help
— e . —
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f. Click on the layout window again. Type ‘I’ in the layout window and
fill in the “Create Instance” window.

- Create Instance (x|
. : : Lo

Library  WCSU_TechLih_amilg Erowse

Cell pIos

Wiew layout

MHames IZ

Mosaic Rows 1 Caolumns 1

Deltay 4.8 Delta X 7.6
Halo ~ Define Halo ...
_—
Fhysical Only _
\ 2k Rotate I il § Sideways W %Llpside Down |
kdodel name amilER
kodel Type =

& system o user

m Cancel Defaults Help
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g. Instantiate the layout of the pmos device in your layout.

Library Browser - Create Instance

_ Shovwy Categories

Library Cell View
MCSU_Techlib_amila pmnsl layout
EEMGESS ml_elec View -~ | Lock Si
MCSU_Analog_Pars ml_n | I
MCSU_Digital_Parts mi_p
RCSU_TechLib_amid& ml_paly
RCSU_TechLib_amilG me_m
MCEU_TechLib_hpos ma_me
RCSU_TechLib_tsmc0E metall
MCSU_TechLib_tsmecOz2d metal
FRCSU_TechLib_tsmc03 metal3
MCSU_TechLib_tsmc03d nactive -
MCSU_TechLib_tsmc04_amMzP ||| nmos " A
avTech ntap =
haszic el
cozDefTechLib pactive
megan
paly
< I B | |rtap v
Cloze Filters... Display... Help
— e . —
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h. After instantiating one instance of the nmos layout and one instance
of the pmos layout, your layout window “Virtuoso Layout Suite L
Editing” will look like the image below.

Launch File Edit Wiew Create “erify Connectivity Options Tools Window  Assura QRC Optimize NCSU Help cadence
K G 9 © |°ji}° @ g Bl IQ |E | &) 2 \.( » :]g e Warkspace: (Classic n|=E'\_j |r==-|0
lrh By g .‘?_éMkﬁ\ dvl 0] 4 » || (ASelectn Sel(Mi0 Sel():0 Sel(0)0 | ¥-6.3000 V.7.3500 oX:0.0000 oY:0.0000 Dist0.0000 Crdiove

pwell drawing ' -
" Al Valid Layers n M

_ Used Layers Only

a B-

prvell  drawing

<
I<

active drawing
nact.. drawing
pact.. drawing
W el drawing
[ psel. drawing
B8 ooty drawing
slec  drawing
W et drawing
B et drawing
met.. drawing
M drawing
BB via  drawing
wia2  drawing
[ cilzss  drawing
Il high... drawing
B¥ nodre drawing
B nolpe  drawing
B pacd  drawing
W text draving

CRRRRRRRRERRKEKRR QK KKK K
CRRRKRKERKEREKKE QK KKK K

Objects bedll= s
Object T
E}-Shapes AR
L CircledEllL. o o K
- Donut ¥ ¥
- Label ¥ ¥
i~ Path ¥ ¥
- Path3eg ¥ ¥
—Polygon W W
»-Rectangle o o
Ohjects Guides
mouse L: Enter Point M: Rotate 40 R: Pop-up Menu
4(3) ‘ Select the figure to he moved: | cmd: Move J
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i. Type ‘shift-f in the layout window, and the layers for the nmos
device and pmos device will be visible as shown in this image.

Launch File Edit Wiew Create “erify Conneclivity Oplions Tools Window Assura QRC Oplimize NCSU Help cadence
| d 5 @ |¢%> O Mm% E2ER=| W | > :B 2w |[Workspace: |Classic BE‘_, =%

|"[§ 1,_'")% g °ﬁl§ Lﬁ\ '0_°\ E\ 3 » || (F)Select0 SelfM)0 Seli0 Sel(0)p0 | X-7.2000 Y:7.5000 dX-01500 oy:0.0000 Dist01500 Cmd:Move
- - T -

pusell drawing n -
all valic Layers [ @0
— Used Layers Only

Q B-
7

active drawing
nact.. drawing
pact . drawing
[ neel.. drawing
[ psel.. drawing
B poly  drawing
elec  drawing
Wl et drawving
BB met.. drawing
met... drawing
W cc  drawing
B via  drawing
via2  drawing
M uiass drawing
W hioh... drawing
odre drawing

<

CRERKERRRRRRKRKEERKK<[

C

olpe drawing
ai  drawing
W tet  dlrawinn

Objects i
Object |
B Shapes
b CirclefElli...
Donut
w- Label
i Path
- PathSeg
- Polygon
- Rectangle

CRERRRRRRRRRKRE LR KKK KK

=~
i
X

KKKKKRKIK K@

C

KRKEKKREKREKR =

Ohjects Guides
mouse L: Enter Point Ivl: Rotate 90 R: Pop-up Menu

4(8) ‘ Select the figure to he moved: ‘ Cmd: Mave J
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j. To change the properties of the pmos device, highlight the device in
your layout, and then type ‘q’. The “Edit Instance Properties”
window will appear.

Edit Instance Properties

(0], | Canu:el| Apply ‘ R |51'sz-z'~:'s=:=as~:| W
# sftribute o Connecivie o Parameter <. Propery ~, ROD s D82 | S
Library |NeSU_TechLib_ani0g
Cell |pnog
Wieny |la5n:uu1__-§_

Origin: X |3.€ v |2.58
Mame |Iz Rotation RO —
|nonel Placement Status nane
Bang — Halo...
B
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k. In the “Edit Instance Properties” window, click the ‘Parameter’ radio
button. The following window will appear.

Edit Instance Properties
Ok, | Cancel| Apply| FEERE |

sty ~ Property «, ROD . D382 ‘ | Capapon ‘

~ Oftribute - o

‘amlEIEPf_
Model Type # cystem - User
Multiplier ‘l
Fingers ‘l
width (grid units) ‘10
Width ‘1.5@_
‘1.5@_
Length (gric units) ‘4{
Length ‘SDDrf_
‘som_{_
Drain difiusion area ‘2. 25e-1%
Source diffusion area ‘2. 25e-1%
Drain diffusion perimeter ‘Su
Source diffusion perimeter ‘Gu
Drain difusion res squares }
Source diffugion res squares }
Yittuoso-HL layout cell }
Drain diffusion length }
Source diffusion length }
Temp rise fram ambient }
Estimated operating region sat —

99 |Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

l. The LSW (Layout Selection Window) can be separated from the
Virtuoso Layout Suite window which then looks like the image
below.

Launch FEile Edit WYiew Create Verify Copnectivity Options Tools Window  Assura QRC Opfimize MNCSU  Help cadence

= Jd 3 @ ‘%}‘" 0 @m% O/ :"5 e » |jwotkspace: |Classic 'EJ =Y

""'[} -s..,.% g '°5§{§|(£\ del O 4 » | (FASelectd Sely0 Selly0 Sei(0)0 | X-6.7500 ¥102000 d¥-114000 dv:159000 Dist19.5645 Crme:Move

Ohject
G- Shapes
Circle/Ellipse
- Danut
Label
..... Path
Path3eg
----- Polygon
Rectangle

E
o)

----- Other Shapes
Instances
Fluid Guardring
Mnsaic
Ping
Wias
- Fluid Shapes
Fig Graups
- Boundaries
F&R Bound..
----- Area Bound
Snap Bound
b Cluster Bou..
- Soft Blocks
- Fin

KKK KKK KKK

K s
RKEKERKI TR ITkRkRRKRKRERKRKRK KKK KK

i}

KKKkl

P&R Bound
----- Snap Bound
Blockages
----- Halo Blocka.
Flacement B...
- Routing Bloc:

m
kKl

Pin Blockage
Feedthru BI.
Screen Bloc

K s
KKk

Ohjects Guides
mouse L: Enter Point I: Rotate 30 R: Pop-up Menu
4(3) ‘ Select the figure to be maved: \ Cmd: Move J
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m. The floating LSW lists the metal layers and via layers in this design.
For example, metall is blue. Polysilicon is pink.

Layers (7] 5]]
AV [ AS MZ
B pssll drawing n -
7 Al vaid Layers gt

reell drawing
B active drawing
B nact.. drawing
pact.. drawing
[ rsel.. drawing
[ psel.. drawing
B poly  drawing
elec  drawing
[l et drawing
[ et drawing
met... drawing
[ cc  drawing
B via  drawing
viaz  drawing
M olass  drawing
[l high... drawing
g nodrz drawing
nolpe  drawing
pad  drawing
W] t=t  drawing
[ res_id drawing
B cap.. drawing
B cio_id drawing
[ (el net
(] rrvell net
[ =ctive net
(W] riact.. net
] pact.. net
[l high... net
W poly  net
(W] =lec  net
Il et net
[ et net
[l et net
W cc  net
iz net
] vizz  net
[l high... pin

KKKk EEEKKKEKEERRERERKKEREERKEKEKERRRERKKKKRKKK K|S
KKk KKEKEKERERKRERRRREKERKRKEKRRLR KKK KKK K [Kfea]
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n. Metall is highlighted in the LSW in the image below.

Layers =]

Ay Y AS M3

W metall drawing ‘ -
T Al Valid Lavers n X
_ Used Layers Only

- | Layet| Purpose | V|
parell drawing
B el drasving
B =ctive drawing
B ract.. drawing
pact.. drawing
Wl rsel. drawing
[ psel.. drawing
B ooy drawing
glec  drawing

met..  drawing
met..  drawing
| drawing
Bl via  drawing
via?z  drawing
M oiass  drasving
Il High... drasving
B nodrc drawing
nolpe  drawing
B pad  drawing
(W tert drawving
B res_id drawing
B cap.. drawing

KKKk i

KRkt RRRERRRREREREREKR KRR KR R|<|[ KR K /|

=
=
o
=
=y
LA L A L O L L L L L L L4
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0. Now you will make connections on the metal layers between the
nmos layout and pmos layout. Draw a polysilicon rectangle to
connect the gate of the nmos device with the gate of the pmos
device. Draw a metall rectangle to connect the drain/source region
of one device with the drain/source region of the second device.
Notice that the nmos device layout and the pmos device layout
already contain the built-in active contacts between metall and
polysilicon (the black vias).

£ Virtuoso® Layout Suite L Editing: EENG653 inverter layout

Launch FEile Edit WYiew Create Verify Copnectivity Options Tools Window  Assura QRC Opfimize MNCSU  Help cadence

= Els e | 0 @ X HOkEE- K- Ak s [lworkspace: | Classic B=E &

""'[Qr <5 g %{“kﬁ\ (vl O} § » || (FSelectd Sely0 SelfyD SelfD)0 | X-5.3000 V.6.3000 dx-10.2000 dv12.1500 Dist15.8833 Cme:Rectangle

Objects 7 8%
Object
- Shapes
Circle/Ellipse
- Danut
Label
- Path
Path3eg
----- Polygon
Rectangle
----- Other Shapes
Instances
Fluid Guardring
Mnsaic
Ping
Wias
Fluid Shapes
Fig Graups
- Boundaries
F&R Bound..
----- Area Bound
Snap Bound
b Cluster Bou..
Soft Blocks
- Fin
P&R Bound
----- Snap Bound
Blockages
----- Halo Blocka.
Flacement B...
- Routing Bloc:

E
(5}

KiKKKKKIEEIKIEK K

K s
RKEKEKI TR T kRkRRKRRERRKRK KKK KKK

i}

KKkl

m

kKl

Pin Blockage
Feedthru BI.
Screen Bloc

KKK
Kk

Ohjects Guides
mouse L: Enter Point : R: Pop-up Menu
4(3) ‘ Faint at the first corner of the rectangle: \ Cmd: Rectangle J
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p. Click on your layout window. Type i and fill in the “Create
Instance” window as shown below. Instantiate two instances of an

‘ntap’ in the layout.

|'-- Create Instance 5|
Litarary NCSU_TechLib _=miOf Browze

Cell

Wienw layout

Mames 15

Mosaic Rows 1 Columns 1

Deltay 3.6 Delta X 3.6 =

Halo ~ Define Halo ...

Physical Only _

Zk Rotate )\ Ak Sideways )\ %Upside Dovwn }
Rowes of contacts 1 H
Columns of contacts 1 v

@I cancel | Defaults | Help
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q. Locate

the

‘ntap’ by

clicking

Browse

“NCSU_TechLib_ami06 - ntap - layout.”

and

choosing

Library Browser - Create Instance

_ Shovwy Categories

Library Cell View
MCSU_Techlib_amila ntap| layout
EEMGEDS active View -~ | Lock i
MCSU_analog_Parts elac | -
MCSU_Digital_FParts ml_elec
RCSU_TechLib_amil& ml_n
RCSU_TechLib_amilG ml_p
MCSU_TechLib_hpOg ml_paly
RCSU_TechLib_tsmc0E me_m
RCSU_TechLib_tsmcOgd ma_me
MCSU_TechLib_tsmc03 metall
MCSU_TechLib_tsmc03d metalz _ -
MCSU_TechLib_tsmc0d_arzP | | metald = _ A
avTech nactive
hasic nmas
cozDefTechLib
megan kel
pactive
< 1l 1_ pmos v
Close Filters... Display... Help
— e . —
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r. The ntaps will be positioned as shown in the image below. The bulk
terminal for the pmos device is its nwell. The power supply layer
should be overlapped with ntap using metall so that the bulk of the
transistor is connected.

Launch File Edit Yiew Create Verfy Connectivity Options Tools Window  Assura QRC Optimize MNCSU Help cadence

=i 5 @ |9 0 @ % ."‘: Q 2B > |Q » || 2 » |workspace: | Classic n% =)

‘“"[h x}.é ﬁ o‘%'%‘ _E\ E\ 3 » || (FSelectd Sel(My0 Sel(x0 SelfOy0 | X-13.0500 ¥:12.6000 dx-161500 oY:6.0000 Dist13.1160 Crmcl:

Ohjects 75X
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- Path
Pathseq
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Rectangle
L Other Shapes
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- Fluid Guardring
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Fluid Shapes
Fig Groups
Boundaries

<

<
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P&R Bound
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----- Cluster Bou
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s. Now click on your layout and type T. In the “Create Instance”
window, fill in the form with “NCSU_TechLib_ami06 - ptap —>
layout” as shown in the form below.

|'-- Create Instance x|
Litarary NCSU_TechLib _=miOf Browze
Cell ptap
Wienw layout

MHames I6

kAosaic

Rows 1 Columns 1

Delta ¥ 2.4 Delta ¥ 2.4 =
Halo ~ Define Halo ...
Physical Only _

Zk Rotate )\ Ak Sideways )\ %Upside Dovwn }

Fows of contacts 1

Columns of contacts 1 v

@I cancel | Defaults | Help
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t. The “Create Instance” form will appear as shown in the figure below.

Library Browser - Create Instance

_ Shovwy Categories

Library Cell View
MCSU_Techlib_amila ptap layout
EEMGESS ml_elec View -~ | Lock Si
MCSU_Analog_Pars ml_n | I
MCSU_Digital_Parts mi_p
RCSU_TechLib_amid& ml_paly
RCSU_TechLib_amilG me_m
MCEU_TechLib_hpos ma_me
RCSU_TechLib_tsmc0E metall
MCSU_TechLib_tsmecOz2d metal
FRCSU_TechLib_tsmc03 metal3
MCSU_TechLib_tsmc03d nactive -
MCSU_TechLib_tsmc04_amMzP ||| nmos " A
avTech ntap =
haszic el
cdsDefTechLib pactive
megan pmos
paly
< A |

Cloze Filters... Display... Help
e i e ——— e e
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u. Instantiate two instances of ‘ptap’ as shown in the figure below. The
‘ptap’ serves as a bulk connection for the nmos device. The power
supply layer should be overlapped with ptap using metal 1 so that
the bulk of the transistor is connected.

Launch File Edit Yiew Create Verfy Connectivity Options Tools Window  Assura QRC Optimize MNCSU Help cadence
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v. Draw metall power rails as shown in the figure below. Click on your
layout, select metall from the LSW, and select “Create - Shape 2>
Rectangle.”

4 Virtuoso® Layout Suite L Editing: EENG653 inverter layout
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w. Click on your layout and type ‘I. Select a via between metall and
polysilicon, which is known as a ‘m1_poly’ instance. Fill out the
“Create Instance” window as shown below: “NCSU_TechLib_ami06
- m1_poly - layout.”

|'- o | Create Instance x|

. . . Lo
Library  WCSU_TechLih_amilg Erowse

Cell

Wi layout

Marmes I7

Mosaic Rows 1 Columns 1

Deltay 1.2 Delta X 1.2 =

Halo ~ Define Halo ...

Physical Only _

Hk Rotate I\ Ak Sideways I\ %Upside Down
Rows of contacts 1 H
Columns of contacts 1 v

m\ Cancel ;| Defaults || Help
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X. Select the “m1_poly” instance as shown in the Library Browser.
Instantiate two instances of “m1_poly” vias at the input of your
inverter.

-

-

Library Browser - Create Instance E]E]E]N

_ Show Categories

Library Cell View
MCSU_TechLib_amids ml_paly layout
EEMGEDS rM1_ELEC View -~ | Lock Si
MCSU_Analog_Parts b1 M B |m I
MCSU_Digital_Parts r1_P
RCSU_TechLib_amid& kA1 _POLY
MCSU_TechLib_amilé kAE kA1
MCEU_TechLib_hpos kAG_bAZ _
MCSU_Techlib_tsmole MTAP -
RCSU_TechLib_tsmcOgd active
FRCSU_TechLib_tsmc03 elec
MCSU_Techlib_tsmc03d ml_elec -
MCSU_TechLib_tsmc0d_arzP | mi_n k 4
avTech mi_p
haszic
cdsDefTechLik me_m1
megan mi_me
metall
: M 1 metal? s 4
Cloze Filters... Display... Help
— — N ——— —
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y. Click on your layout and type ‘I’ in the layout. Create two instances
of an “m2 _m1” via between metal2 and metall. Fill in the “Create
Instance” window with “NCSU_TechLib_ami06 < m2_m1 - layout.”

- Create Instance (x|
Library — WCSU_TechLib_amilg Erowse B
A ——
Cell n2 ml
Wienw layout
Mames I3
Mosaic Rows 1 Columns 1
Deltay 1.2 Delta X 1.2 =
Halo ~ Define Halo ...
Physical Only _

Zk Rotate I\ Ak Sideways I\ %Upside Down
Rowes of contacts 1 H
Columns of contacts 1 v

@I cancel Defaults | Help

113|Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

z. The “Library Browser” window for the m2_m1 via will appear as
shown in the figure below.

Library Browser - Create Instance

_ Shovwy Categories

Library Cell View
HCSU_TechLib_amil& me_m1 layout
EEMGEDS kA1_ELEC View -~ | Lock i
MCSU_snalog_Parts bAT_I il | ]
MCEU_Digital_Parts kA1_P
RCSU_TechLib_amil& kA1 _POLY
MCSU_TechLib_amilf kAE_ k1
MCEU_TechLib_hpos kAG_bAZ _
MCSU_Techlib_tsmole MTAP -
RCSU_TechLib_tsmcOgd active
MCSU_TechLib_tsmc03 elec
FRCSU_TechLib_tsmc03d ml_elec -
MCSU_TechLib_tsmc0d_arzP | | ml1_n _ A
avTech ml_p
hasic m1_paoly
cozDefTechLib
megan mi_ms
metall
ol S || meteiz i
Close Filters... Display... Help
— e . —
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aa. Position two instances of “m2_m1” vias at the input of your
inverter and two instances of “m2_m1” vias at the output of your
inverter, as shown in the image below. Also add m1 and m2 stripes
at the input and output (as shown in the image) to cover the m2_m1
vias.
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bb. You will now create pins for “Vin” and “Vout”. Click on your
inverter layout and select “Create - Pin”. Fill in the windows as
shown below to create these pins and place “Vin” pin at the input
(I/0 type is input) and “Vout” pin at the output (I/O type is output).
These pins should be on the same metal layer as the metal they are
connected to; their purpose, however, is ‘pin’ (pn) rather than
‘drawing’ purpose of the metal rectangle. Also create “VDD” and
“GND” pins (set [/0 type to be inputOutput) on the Create Shape Pin
form for these pins. Be sure to check the box next to ‘Display
Terminal Name’ to display the terminal name in the layout.

|'-- Create Shape Pin x|

Connectivity & strong o weak

Tertminal Naries Vin Fhysical Only

— KeepFirst Mame ¥ Pitch 0 Y Pitch D

¥ Display Terminal Mame Digplay Terminal Mame Cption..

_  Create as ROD Object

Mame rectld
Maode & rectangle o dot o polygon o circle o auta pin
¥O Type & input o output O inputCutput o switch
 jumper o unused o tristate

Snap Maode orthaganal n

Access Direction  \w Top o Baottom o Left o Right

» Any _ MNone

m Cancel Help
—— —
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'm CreateshapePn x|
Connectivity & strong o weak
Terminal Mames Vout] Fhysical Only
— KespFistMame — wpich @ WPitch D
¥ Display Terminal Mame Display Terminal Mame Option...

—  Create as ROD Ohject

Mame rectl
Made & rectangle o dot o polygon o circle o auto pin
12 Type o input & output o inputCutput o switch

w jumper _ unused  tristate

Snap Mode orthogonal B

Access Direction o Top @ Bottom o Left & Right

& Any _ Mone

@ Cancel Help

Create Shape Pin

Connectivity & strong o weak
Terminal Mames gnd Physical Only
keep First Name X Pitch 0 ‘¥ Pitch 0
¥  Display Terminal Mame . Display Terminal Mame Option... |
Create as ROD Ohject
Mame rectl
hode & rectangle o dot o polygon o circle o auto pin
YO Type o ihput L ooutput & inputQutput L switch

w jumper o unused o fristate

Snap kMode orthogonal n

Access Direcion v Top & Baottom o Left & Right

¥ Any _ Mone

m L Cancel ) Help |
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cc. Make sure to label the pins with the same name as in the schematic,
namely “VDD,” “GND,” “Vin,” and “Vout.” You will need to separate
the vias as shown in the layout below (the separation is required in
order to pass Design Rule Checks - DRC - as discussed below in the
next section).

After creating the “Vin” pin, highlight the pin and type ‘Q.” In the
‘Edit Rectangle Pin Properties’ window, click on the ‘Attribute’ radio
button. Set the ‘Pin Name’ to ‘Vin’ and set “Terminal Name’ to ‘Vin.’

After creating the “Vout” pin, highlight the pin and type ‘Q.” In the
‘Edit Rectangle Pin Properties’ window, click on the ‘Attribute’ radio
button. Set the ‘Pin Name’ to ‘Vout’ and set ‘Terminal Name’ to
‘Vout.
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dd.

You have now generated a layout for your inverter.

Useful hotkeys for Designing Custom Layouts

m

Move

Keyboard arrows: up,
down, left, right

Move around the layout screen

Ctrl/Shift z Zoom in/out

F2 Save the design

ESC Cancel the previous command

Shift f Reveal all mask layers within each instantiated layout
cell (metal layers and via layers)

Cntl f Hide the mask layers and display the red instance boxes
instead

q Properties

p Create a path (Paths are convenient for making
interconnections between [/0 pins of a layout cell; be
sure to select the desired metal layer from the LSW first
before typing p’).

r Create a rectangle

Cntl p Create a pin

1

Instantiate a cell layout

Hold down shift key

Select more than one mask layer simultaneously. (Use

and click on each | cntl to deselect a particular layer)
layer

u Undo

C Copy

d Delete

S Stretch

k Display the ruler (very helpful)
Shift-k Hide the ruler
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Inverter: Running Design Rule Check (DRC)

Now you will run Design Rule Check (DRC) on your layout. DRC is a
software program that inspects your layout for violations of the
design rules and inserts markers at locations where any design rule
violations are found. To run DRC, click on your layout. From the
banner at the top of the layout, select “Verify = DRC.” The “DRC”
window will appear. Check the boxes as shown, making sure to
check the Rules Library checkbox and setting the field to
“NCSU_TechLib_ami06” as shown in the two windows below (note
that the name of the TechFile is long).

Checking kethod

Checking Limit

Switch Mames

Run-Specific Command File

Inclusion Limit 1000 Limit Rule Errors 0
Join Mets With Same Mame L Litnit Run Errars 1]
Echo Commands L

Rules File diwsDRC. rul

Rules Library L m

Machine ® [ocal o remaote kachine

Ignore Missing Cell Masters

& flat o hierarchical o hierwo optimization
& full o incremental o by aresa
Coardinate el by Cursor

Set Switches

Cancel Defaults Spply Help
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Checking kethod & flat _ hierarchical  hierwo optimization
Checking Lirmit & full _ incremental o by area
Coordinate Sel by Cursar
-
Switch Mames Set Switches

Run-specific Command File

Inclusion Limit 1000 Limit Rule Errars 0
Join Mets With Same KMame L Limit Run Errors 1]
Echo Commands L i

Rules File diwaDRC. rul

Rules Library ¥ U TechLib_ami0#|

kaching ® [ocal o remote kachine

Ignore Missing Cell kMasters

m L Cancel o Defaults | Apply  Help |
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b. Click “OK” in the DRC window. “DRC” will run, and if it completes
successfully, the log file in the CIW will report “Total errors found: 0”
as shown in the window below.

Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CDS5.09APR2012a.log

File Tools Qptions Help cadence

exeoubing: drc(viaZ (area > [(lambda * 2 0 # (lanbda # 2 0)) + (lanbda * 0.1 # (lambda & 0 1))

executing: drc(metallEdge vialEdge (enc < (lambda * 1.0)) ercMesg)
executing: saveDerived(geomdndNot(viaZ metall) ercMesg)
executing: dro(metal3Edge (width < (lambda * 5.0)) errMesqg)
drec(metal3Edge (sep < (lambda * 3.0)) errMesg)
=)

dro (netal3Edge (nakch < (lamhda + 3.0)) ercMesq)
executing: drc(metaldEdge vialEdge (enc < (lambda * 2.0]) ercMesg)
executing: saveDerived(geomdndNot(viaZ metald) ercMesg)
executing: drecthighresEdge (width < (lambda * 4.0)) erriesg)
drecthighresEdge (sep < (lambda * 4.0)) errMesg)
dro (highresEdge (natch < (lamhda + 4 D)) errhesg)
executing: drcthighresEdge ceEdge {sep ¢ {lambda * 2.0)) srrMesg)
executing: drcthighresEdge cpEdge (sep < (lambda * 2.0)) errMesg)
executing: saveDerived(geomind(highres ca) errMesg)
executing: saveDerived (geomind (highres cpl errMesg)
executing: dro(highresEdge activeEdge (sep ¢ (lamhda + 2. 0)) errMesq)
executing: drcthighresEdge geomGetEdge (geomAndNot(elec geomButting(elec elecHighres))) (sep < (
executing: saveDerived(geomButting(elecHighres geondndNot(elec elecHighres) (ignore == 2)) erxl
executing: saveDerived(geomnd(elecHighres rwell) "({SCMOS Rule 27.6) resistor must he outside w
executing: savelerived (geombnd(elecHighres active) "(SGHMOS Rule 27 6) resistor must be outside
executing: dro(slecHighresEdge (width < (lambda + & 0)) errMesg)
drcielecHighresEdge (sep < (lambda * 7.0)) errMesg)
dre(elecHighresEdge (notch < (lembda =+ 7.0)) errMesg)
executing: drethighresEdge elecHighresEdge (enc ¢ (lambda * 2.0)) errHesg)
DRG started Mon Bpr 9 16:47:57 2012
completed Mon Apr 9 16:47:57 2012
CPU TIME = 00:00:00 TOTAL TIME = 00:00:00
#exrrrbrs gummary of rule wiolations for cell "inwverter Layoub' — ##s+sesss
Total errors found: 0

t

v

Iimouse L: showClickinfaf) M: leHiSavel) R: _IxHitMousePoplpi}

1] = l‘
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c. Ifthere are errors in the layout as identified by “DRC,” the errors will
be identified with white markers in the layout. To see these errors,
click on the layout window. Then, click on “Verify - Markers =
Find” to look at the errors.

d. Correct the errors and re-run “DRC.” Proceed to the next step,
Extraction, only after “DRC” passes with no errors.

e. You have now completed Design Rule Check.
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17. Inverter: Running Extraction
a. In this step, you will run extraction to extract circuit models from
your layout. Click on your layout. Then select “Verify = Extract”
from the banner. The “Extractor” window will appear as shown
below in the two images. Note that the Rules library field should be
set to “NCSU_TechLib_ami06.” (note that the ‘Rules Library’ window
in each image is slightly different because the name is too long for
the field width).
In the ‘Extractor’ form, click on ‘Set Switches,” and a window titled
‘Set Switches’ will appear as shown in the third image below (next
page). In the ‘Set Switches’ window, select ‘Extract_parasitic_caps’
which will highlight this text as shown in the image. Click ‘OK’ in the
‘Set Switches’ window.
] Extractor (x|
Extract Method & flat _ macro cell o full hier _ incremental hier
Wiesw Mames Extracted  extracted Excell excell
Switch Mames Extract parasitic_caps \Set Switches_
Run-Specific Cammand File
Inclugion Limit 1000 Limit Rule Errors
Jain kets With Same Mame - Limit Run Errars 1]
Echo Commands ~
Rules File divaEXT. rul
Rules Library ¥  NCSU_TechLib_am
kachine ® local _ remote Machine
Ignare kissing Cell Masters
m _Cancel | Defaults | Apply | Help
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] Extractor E]
Extract Method & flat _ macra cell o full hier _ incremental hier

Wiew Mames Extracted  extracted Excell  excell
Switch Mames Extract parasitic_caps Set Switches

Run-Specific Command File

Inclusion Limit 1000 Limit Rule Errors 0
Join Mets With Same Mame J Limit Run Errars i]
Echo Commands L

Rules File divaEXET. rul

Rules Library ¥ U _TechLib_=smi(f

Machine ® local o remote Machine

lgnare Missing Cell Masters

m Cancel Defaults Apply Help

] Set Switches{Ctrl+mouse for multiple) E]

Extract parasitic_caps

Eeep labels in extracted_wiew
Layer_convert [nplactive _to_actiwve
Layer_conwvert _active to_[nplactive
Layer_create nselect around_nactive
Layer_create pselect around_pactive
Layer_create_select around field poly
Use_old moscap_extraction

m Cancel | Help
i
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b. Click “OK” on the Extractor form.
c. After Extraction runs, the log file in the CIW will report any errors. If

there are no errors, the log file will report that “Total errors found:
0” as shown in the image below.

Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CD5.09APR2012a.log

File Tools Options Help cadence

erecuting: saveIntercormecti (nDiff "active® )
executing: saveIntercornesti (pDiff "active®))
executing: saveIntercormect(poly "poly"))
executing: saveInterconnect((metall "metall"))
executing: saveInterconnect((nlhmicContact "cc'))
executing: saveIntercomnect{(pOhmicContact “cc"))
executing: savelIntercormect( (nDiffContact "coc))
executing: saveInterconnect((pDiffContact "cc"))
executing: saveInterconnect((cp "cc'))
executing: saveIntercomnect((metal? "metal2"))
executing: saveIntercomnesti(via "wia"))
executing: saveIntercornecti(metal3 "metali®})
executing: saveIntercormecti(vial "wial"))
executing: saveInterconnect((nwellRes "res_id"))
executing: saveInterconnect((polyRes “res_id"))
executing: saveIntercormesti(eleckes “res_id"))
executing: saveIntercornesti(slecHighres "res_id"))
executing: saveDerived(metall {"metall" "net") cell wiew)
executing: saveDerived(metalZ (*metalZ" "net") cell wiew)
executing: sawveDerived(via ("wiz" "net") cell wview)
executing: savelerived(metald (*metal3® "net") cell_wiew)
executing: saveDerived(via? [*wia2" "net’) cell wiew)
Extraction started.......Mon Apr 9 16:56:04 2012
completed ... .Mon Apr 9 16:56:05 201%2

CPU TIME = 00:.00:00 TOTAL TIME = 00:00:01
+iiiiiiid Summary of role wiolations For cell “inverter layout® — +#esss

Total errors found: 0O

saving rep EENGESI/inverter/extracted
Getting layout propert bagtetting layoub propert bag
t

¥

Imouse L: showClickinfaf) M: setExtForm() R: _lxHirMousePoplpi}

DE 1

126 |Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

d. The ‘extracted’ view will appear in the Library Manager for the
layout as shown in the image below. Note that your layout for the
cell ‘inverter’ in the library ‘EENG653’ now contains four cellviews:
an ‘extracted’ view, a ‘layout’ view, a ‘schematic’ view, and a ‘symbol’
view.

Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta

File Edit iew Design Manager Help cadence
__ Show Categaties __ Show Files
Library Cell View
EEMNGRSS inverter extracted|
iny_test View -~ Lock Size
_Analog_Pats
MCSU_Digital_Parts epcellECRATCHY HjIGN227 202 B layout mlanzero@vylsifacol
MCSU_TechLib_ami0f 45 schematic | mianzero@ylsifacll 23k
MCSU_TechLib_amil 6 syrmbol 23K
MCSU_TechLib_hp0
MCSU_TechLib_tsmcoz
MNCSU_TechLib_tsmc2d
MCSU_Techlib_tsmcO3
MCSU_TechLib_tsme03Sd
MCSU_TechLib_tsme0d_dkzP
avTech
hasic
cdsDefTechLib
megan
C W™
Messages
Log file is "‘homesafitendfac/mlanzero/cadenceinesu-cdk-1.6.0 betaslibhanager.log” =
Loading MCSL Library Manager customizations._dane _
Warning: LIB EEMGESS from File shome/afitendfac/mlanzera/cadence/nesu-cdk-1.6.0 hetascds.lib Line 19 redefines -
LIE EEMGESS fram the same file {defined sarlier)
Warmning: The directory: Yhomesafiten3fac/mlanzero/cadence/nosu-cok-1.6.0.heta/ EENGEIS/EENGEIS' does not exist
but was defined in linFile Yhomesafiten3/facimlanzero/cadencemosu-codk-1.6.0.betascos.lib' for Lib 'EENGESS".
Warning: The directory: Yhomesafiten3ffac/mlanzero/cadence/nosu-cdk-1.6.0.betasdave’ does not exist
hut was defined in linFile Yhomesafiten3/acimlanzero/cadencemosu-cdk-1.6.0. betascos. lib' for Lib ‘dave’.
Warning: LIB EEMGESS from File /homesafiten3fac/mlanzero/cadence/nosu-cdk-1.6.0 heta‘cds lib Line 19 redefines
Al
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e. Double-click on the ‘extracted’ view to open it and obtain the image
shown below. Notice the pins: VDD, GND, Vin, and Vout. Outlines
are shown for the metal layers: polysilicon, metall, metal2, vias, and
wells. The outlines show the connectivity of the circuit (the shapes
are merged together to show the shapes that are electrically
connected).
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f. You can click on the ‘Vin’ pin and obtain the image shown below.
Notice that all shapes connected to ‘Vin’ are highlighted in white.
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g. You can also click on the ‘Vout’ pin and obtain the image shown
below. Notice that all shapes connected to ‘Vout’ are highlighted in
white.

-
Eﬂ Virtuoso® Layout Suite L Editing: EENG653 inverter extracted — || Ojx
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h. You have now completed Extraction of your layout.
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18. Inverter: Running Layout Versus Schematic (LVS)

a. Now you will compare your layout with your schematic. Ideally, the
connectivity in the layout will match the connectivity in the
schematic. Running the software tool “LVS” will help you to verify if
the netlist of your layout does match the netlist of your schematic.
First, click on your layout. From the banner at the top of the layout,
select “Verify - LVS.” The “Artist LVS” window will appear as
shown in the image below. Fill in the fields as shown in the image.

Artist VS
Commands  Help cadence
Run Directory LVs Brosyse
—

Create Metlist » schematic » extracted

Library EENGES3 EENGES3

Cell inverter inverter

Wi schematic| extracted

Browse | | Sel by Cursor | | Browse || Sel by Cursor

Rules File diwval¥5s. rul Browse
—

Rules Library ¥  NCSU_TechLib_ami0f

LWS Options » Rewiring _ Device Fixing
_ Create Cross Reference  » Terminals

Carrespondence File . Iws_corr_file Create
e ———

Switch Mames

Priority 1] Run background n

Run Dutput Errar Dizplay konitar Info

Backannotate Farasitic Probe Build &nalog Build Mixed

12 | HelpAction
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b. LVS will now run and compare the connectivity in the layout
cellview (in the image below) with your schematic.
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c¢. When LVS completes, and if the net-lists match, a window will
appear showing that “The LVS job has completed. The net-lists
match,” and the window will provide the path to the Run Directory.

= %]

™ The LW3 job has completed. The net-lists match.

Run Directory: fhomesafitenddfac/mlanzero/cadences/ncsu-cdk-1.6.0.betas/L V5
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d. After running “LVS,” the CIW will report the si.out file (log file for the
LVS run) as shown in the image below. Notice that when LVS passes,
the si.out file indicates that “The net-lists match.”

/home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/LV5/si.out

Eile Help cadence

Net swapping is enshled
Using terminal names as correspondence points
Compiling Diva LVS rules

Net-list summary for /home/afiten3/fac/mlanzero/cadence/nosu-cdk-1.6.0 beta/LVS/layout/netlist
coun

4 nets
1 terminals
1 puos
1 rmos

Net-list sumnary for /home/afiten3/fac/mlanzero/cadence/nosu-cdk-1.6. 0. heta/LVS/schenatic/netlist
unt

4 nets
terminals
pnos
Tmos

1
1

Terminal correspondence points
no N3 GND

w3 w2 vID
nl n Vin
n2 ni Vaut

Devices in the rules but not in the netlist:
cap nfet pfet mmosd puosd

The net-lists match

layout schematic
instances

un-natched 0

revired

size errors 0

pruned

active

total

mmoooo
mro o

nets
vn-natched 0
nerged
pruned
active
total

RO

erminals
un-natched 0
natched hut

different type

total

an oo meooo

1
4
Probe files from /home/afitend/fac/mlanzerc/cadence/ncsu-cdk-1.6. 0. beta/LVS/schematic

devhad. out.

nethad. out.
mergenst. out

ternbad. out:
7 Terninal Vout's type in the schenatic: input, in the layout: output

prunenst. out
prunedev. out

audit. out

Probe files from /home/afitend/fac/mlanzers/cadence /nesu-cdk-1.6.0. beta/Lys layout
devhad. out

nethad. out.

nergenet. out

ternbad, out:
7 Terminal Voub's type in the layout: output, in the schematic: input

Prunenst. out
pronsdev. out

audit. out:

.
I N

18 |
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e. If errors are found by LVS, a window “Artist LVS Error Display,” can
be used to identify the error markers.

| Artist LVS Error Display (x|

Display First [ et Prewv Last

Error Colar |.|hilite

Cycle Colors _ Auto-Zoom
=

Unmatched nets instances » parameters » terminals

» »
FPruned ¥ nets # instances
v

hets Met Display Limit _ 4

all L
MHaone __

herged

m _cancel | Esplain | Clear Display | Probe Form | Help

f. Fix any errors that may exist in the layout. Re-run LVS until no

errors are reported. If LVS passes with no errors, you have now
completed LVS.
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19. Inverter: Running Extracted-Layout Simulation

a. Now you will simulate your design using the extracted capacitances
that you obtained during the “Extraction” step. The extraction
cellview will change as the layout changes, and a post-layout
simulation will indicate how the layout of your inverter will perform
compared with your idealized schematic (your schematic does not
contain any parasitic capacitances). The procedure that you will use
is the same as the procedure for simulating the schematic view
(described in a previous step).

b. Open your library “EENG653” cell “inv_test” cellview “schematic”
from the Library Manager as shown below.

Bl Virtuoso® Analog Design Environment L Editing: EENG653 Inv_test schematic i=1E3
Launch File Edit View Create Check Options Migrate Window MCSU Help céﬂence
SR G 0 WX O T ¢ fa-7 7 QA QA F L LS E

- - Warkspace: | ADE L ﬂ ==, vy :ﬁ 1\ o T | Ey || n -
(@0 QL IE B {E IB-&-2F-
[ Mavigator z8%| — —— —————

7 ostaut - -

Q nv L R P R
larig =l

= inv_test

B-F= 10 (inverter)

L2 C0 (cap)

WO (vpulse)

V1 (v

g

Inputet

Cutpuitlet
wdd!

T

InputMet OutputMet

Property Editor 78X . P Lo

mouse L: showClickinfof) : schHibouseFopUp() R: schHitousePopUp()
11(1E)| ES ‘ Cmd: Sel: 0 Status: Ready ‘T:Z? C | Simulator: spectre J
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c. Click on the schematic window. Using the banner at the top of the
schematic window, click on “Launch - ADE L” to bring up the
‘Virtuoso Analog Design Environment’ window shown below.

Virtuoso ® Analog Design Environment (1) - EENG653 Iinv_test schematic E]@E]
Session  Setup Analyses Yarlables Outputs  Simulation  Results Tools Help cadence
[ 27 I

fnal 7IE X

Design Variables yses T
Type | Enable| Arguments | S

Mame | Walue @

=

®

Qutputs il )5| O

Mame/Signal/Expr | Walue | Plot| Save| Save Options | !_

. Plot after simulation: |Auto n Plotting mode: Replace n
nouge L: h: R
| status: Ready | T=27 C | simulator: spectre J

al6) | Environment ...
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Now we will set up to display the simulation results for your
schematic and for your extracted view in the same window. The
first step is to first simulate your schematic with DC mode and
transient mode options as before and display your results in the
display window. (Be sure to follow all of the steps involved in
setting up a simulation that were shown in previous sections).

. Click on the “Virtuoso Analog Design Environment” window for your

“EENG653 inv_test schematic”. On the banner at the top of the
window, select “Setup > Environment,” and a window named
“Environment Options” will appear as shown in the image below. In
the ‘Switch View List’ in the ‘Environment Options’ window, add
‘extracted’ between ‘cmos.sch’ and ‘schematic’ so that the field
appears as shown in the image.

-

-

Switch Wiesw List spectre cmos_sch cmos. sch extracted schematic weriloga

Stop Wiew List

Parameter Range Checking File
Print Comments
userCmdLineCption

Sutomatic output log ]

savestate(ss):

recover(rec):

Run with 64 bit hinary

Using colon as Term Delimiter

Environment Options E]

spectre

m _Cancel ) Defaults | Apply | Help
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f. Open the “Environment Options” window and resimulate with your
extracted view as shown in the image in (e) (above). In the
“Virtuoso Analog Design Environment” window for your “EE653
inv_test schematic”, select the “Append” radio button next to the
“Plotting mode” at the lower right-hand corner of the form.

. Virtuoso® Analog Design Environment (2) - EENG6E52 Inv_test schematic
Session Setup  Analyses Variahles Oufputs  Simulation  Results Tools Help cadence
(Il 27 |
Analyses FlA[x] =—
Design Yariables L ol Eac
_ Type | Enable Arguments P
Mame | Walue [ 1k E
5 dc PR |
-
®
Outputs 28 Q)
MamesSignal/Expr | Value | Plot| Save| Save Options | I_
AT
. Flat after simulation: | f&uto n Flotting mode: |Append n
. L
nmouse L: f: R:
1220 | Transient Signal | Status: Ready | T=Z7 C | Simulatar: spectre J
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g. When you append the results of the extracted simulation to the

results of the schematic simulation, the results will be shown
together, as shown in the image below where the waveforms show
that the simulations match well (Note that you can measure
waveforms with the cursor in the window):

Y

Virtuoso (R) Visualization & Analysis XL —||Oj|x

Eile Edit iew Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
n I % [Layout auto n » ||Warkspace: | Classic n & G
Q0Caq » I NE ] o

71 EENGES3 inv_test schematic £

Transient Response

5.0

time (Us)

mause L:

13(22) ‘ plot new graph subwindow J|
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. Now you have simulated your schematic view and your extracted
view of your inverter. For a layout with a lot of extra wire (extra
metal layer), the simulation of the extracted view will not closely
match the simulation of the schematic view.
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Inverter: Simulation with NC-Verilog

You will now learn to perform digital logic design in the Cadence
environment with a software tool called “NC-Verilog.” “NC-Verilog”
performs logic design at the functional level, such as logic design of
your inverter. In this section, you will create a verilog file for your
inverter design and will simulate the function of this inverter using
Cadence.

. First, open the Library Manager. Select your library “EENG653”, the

cellname “inverter” and viewname “schematic” as shown in the
image below.

O Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta S[=)E3!
Eile Edit Yiew Design Manager Help cadence
__ Show Categaties __ Show Files
Library Cell View
EEMGESS inverter schematic
EEMNGES3 inv_test View -~ | Lock | Size
MC3U_analog_Parts extracted 1
MNCSU_Digital_Parts functional 11

MCEU_TechLib_amios
MCSL_TechLib_amité
NCSL_TechLib_hp0s
MCSU_TechLib_tsmc02
MCSU_TechLib_tsme0zd
MC5L_TechLib_tsmc03
MCEU_TechLib_tsmec03d

awTech

hasic
cdsDefMechlin
Megan

Messages

MC3U_TechLib_tsmcOd4_4rzF

layout H

schematic [mlanzero@vlsifacdt [

symbal H

Log file is "/home/afitendfac/mlanzerofcadence/ncsu-cdk-1.6.0.beta/libhanager log"”
Loading MCSU Library Manager customizations...done

Deleting view "functional”
Celeted cellview 'EENGESfinverterfunctional’ Deletion of 1 view dane
Deleting wiew "function” from cell "inverter" in library "EEMGES3".
Celeted cellview 'EENGESHinverterfunction’.Deletion of 1 view done.

from cell "inverter” in library "EEMNGES3".

@

142 |Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

c. Open the schematic. The “Virtuoso Schematic Editor” window will

display your schematic as shown in the image below.

@ Virtuoso ® Schematic Editor L Editing: EENG653 Inverter schematic =[O

Launch File Edit Wiew Create Check Opfions Migrate Window MNCSU Help cadence

. . — e . . - ~ A & R

= | F 0 @ X O T ¢ -1 T QL AE L L BE

- - workspace: Basic n = G s :ﬂ'\t‘: Iy o T | By || a n =
|Navigatnr '?E'X| -
" Default B.
Q B-
Matne ~

= inverter

- () MO (nmosd)

(2D PO (prnsd)

-, GRD

-, wDD

-, win

- Wout

B GNDP__3

- WOOtP__ 2

- = WinP__N0

- VoutP_ 4

Property Editor 78X

- Il = e L e
_nmouse L: shawClickinfag) M: schHikouseP oplp( R: schHiMousePopUp(
704y | = | cmet sek:0
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d. Click on your schematic. At the banner of the schematic, select
“Launch - Simulation - NC-Verilog” which will launch the
“Virtuoso Verilog Environment for NC-Verilog Integration” window
shown in the image below.

“f‘ Virtuoso ® Verilog Environment for NC-Verilog Integration E]@E]

Commands  Setup Results Help CEdEI'ICE

Il Status:  SimWision Launched

Run Directory

Shome fafitendfac/mlanzero/fcadence nosu-cdk-1. 6. 0. beta/inverter_runl

} Top Level Design

Litarary cell Wil

EENGELZ inwverter schematic

Browse... Hieranchy Editar

% Simulation Mode

— Batch

& |nteractive (Choose Steps):

4 Campile ¥ Elaborate 4 Simulate

L 4
15 | Initialize Desigh
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On the “Virtuoso Verilog Environment for NC-Verilog Integration”
form, select “Setup = Record Signals.” The window “Record Signals
Setup” will appear as shown in the image below. Complete this form,
change the depth of ‘1’ to a depth of “100,” click “All” and click “OK”
on the form. (Itis reported that this is a bug in Cadence.)

If this step does not work the first time, click “Initialize Design” (the
runner on the left-hand side of the window) in the “Virtuoso Verilog
Environment for NC-Verilog Integration” window. Then click on
“Setup = Record Signals” and follow the previous steps in (e).

@ Record Signals Setup E]

Trace Al Signals [~
In the Scope
and &1

— A&ill

Subscopels) Down the Hierarchy

_Cancel | _Apply | Help
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f. In the “Virtuoso Verilog Environment for NC-Verilog Integration”
window, click “Initialize Design” (the runner on the left-hand side of

the window.

g. Then in the “Virtuoso Verilog Environment for NC-Verilog
Integration” window, click “Generate Netlist” (the three boxes with
checks on the left-hand side of the window. Each time that you
change your design, you need to re-netlist it.

h. In the “Virtuoso Verilog Environment for NC-Verilog Integration”
window, click “Commands = Edit TestFixture,” and the “Edit Test
Fixture” window will appear as shown in the image below.

O Edit Test Fixture (x|

TestBench

20X
¥ Set Selected File A3 TestBench Check Syntas
Stimulus
File Mame ]:ueta,-"inverter_runl,-"testfixture.verilugn — @ EJ MXSJ
¥ Set Selected File As Stimulus Check syntax

m Cancel Defaults Apply Help
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i. You may view the testfixture.template file. Emacs is one editor that
can be used to edit the file as shown in the images below.

] mlanzero@vlisifacOl

[-[Bx]

m Isif 1.afit.edu E]@E]

File Edit Options Buffers Tools Help
C@x 0d 5 BRI E ?

“timescale Ins / lns

module test;

vire Vout;

wire GND, VOD;

reg Vin;

req 1o _GND, io_VID;

/¢ Inout assignments

cds_alias cds_alias_instl(VDD, io_¥DD);

cds_alias cds_alias_inst2(GND, io_BND);
inverter top{Vout, GND, VDD, ¥in);

“ifdef werilog

/#please enter any additional verilog stimulus in the /home/afiten3/fac/unlanzero/cadence/ncsu-cdk-1 6. 0. beta/inverter_runl /testfixture. verilog file
T include

* faome fafitend/Fac /ulanzera/cadence nesu-cdk-1. 6. 0. beta/inverter_runl/testfixture. verilog®
“endif

endnodule

I
--:-- testfixture.template (Fundamental} --L1--a11 ]
JT For information zbout the GNU Project and its goals, type C-h C-p
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. You may view the testfixture.verilog file. Emacs is one editor that
can be used to edit the file as shown in the image below.

—

O milanzero@vlsifacol [BEE]

display.drf
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k. Edit the testfixture.verilog file so that it matches the file shown in
the image below.

- emacs@visifacOl.afit.edu E]@E]

File Edit Options Buffers Tools Help

D@ X 0@ > o BQRSGP?
& 0

// Werilog stimulus file.
4 Please do not create a module in this file.

#£F Defanlt werilog stimulus.

initial
begin

¥in = 1'h0;

io GND = 1'b0;
1o WDD = 1'b1;
'hl;
'hi;
'hl;

=

#35 Win =
#Th Win =

end

/
—-:—— testfixture.verilog (Fundamental)--L1--a11-- - - - - ——— - - —— - - ——— 4
|'% For information about the GNU Project and its goals, type G-h C-p.
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l. Then click ‘Simulate’ on the “Virtuoso Verilog Environment for NC-
Verilog Integration (the third button on the left-hand side of the
form showing an input waveform, a block diagram, and an output
waveform). Two windows will appear: “Design Browser 1 -
SimVision” and “Console - SimVision” as shown below.

153 Design Browser 1 - SimVision E]@E]
File Edit ¥jew Select Explore  Simulation  Windows  Help cadence
[ an%0iXe |[@i% " RERENSEEE
By [minea <] -[15 ne - [ p2-| & || search Tines: [ Value - | =i,
|@-& B @ B0 1355+ 3
Design Brawser WSl Objects | Methods |
Browse: = Iﬂ All Available Data l g EE RETE Yalue (as recorded) |
=-£5  simulatar #H @ GND a
=4 test - (@ YOD 1
------ {F cds_alias_instl @ vin 0-»1
0 cds_allas_inst2 1) o
H-{F top T @ i.;.:\,.fDD 1
M)
v
Leaf Filter: [+ [~ Q- ¥
I 'E =~ |-l = &
-b Show contents: | In the signal list area v| Iﬁ'@'ﬁlﬁlﬂ FiIter:I* =
k
|@| %| |E objects selected
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[ | Console - SimVision Q@@
File Edit “iew Simulation ‘Windows Help cadence
‘E:L:}-ﬁfj ¥ihD ‘Text search: | ~

009D 2 O iss-s &= @ €3

nocsime

nocsime: run
ncsimy

SimYision

nocsin: source Sapps/vlsi/Cadence/INCISIVIOZ ftools/inca/files mcsimrc
ncsin: database -open shmWave -shm -default -into shm. db

Created defanlt SHM database shmWave

nocsims probe -create -shm test -all  -depth 1

Created probe 1

simulator I

%
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m. In the “Design Brower 1 - Sim Vision” window, click on ‘test’ and
then select the nodes in the ‘Objects’ window on the right-hand side
of the window. Select the nodes so that they turn yellow: “GND,”
“VDD,” “Vin,” “Vout,” “io_GND,” and “io_VDD.” Right-click on the
yellow nodes and select “Send to waveform window.” A new
window, “Waveform 1 - SimVision” window will appear as shown in
the image below.

e Waveform 1 - SimVision _|[a][x
File Edit Wiew Explore Format Simulation Windows Help cadence
S| o ¥ D EX| B3
Search Mames: | Signal = B i || Search Times: | value - [~ | %%V %%

meA v = - . . O N ~ = | e @ ; + =

E-;'2 Timed v| =135 Mins - |p2-| & = O 144 sl ey @ | EO 135+ 3 Time: 3 |0: 135ns n% g

&y Baseline w=0
UEQ EF| Cursor-Baseline = 13503

MName = Cursar =

#F

& GND 0
i] B voD 1
Win 1

=] o
& vout u
@ [ io_GND 0
[ io_vOD 1

@ |3 6 objects selected
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n. In the “Waveform 1 - SimVision” window, click on the blue ‘Run’
button (the blue button with the white arrow pointing to the right).
The waveforms for the nodes will appear as shown in green. Notice
that the “Vin” signal transitions from 0 - 1 at 25ns as you specified
in the testfixture.verilog file. Also notice that the “Vin” signal
transitions from 1 -> 0 at 60ns as you specified in the
textfixture.verilog file (that is, it transitions 35 ns after the first
transition). Finally, notice that the “Vin” signal transitions from 0 =
1 again at 135 ns (75 ns after the previous transition), as you
specified in the testfixture.verilog file.

File

Waveform 1 - SimVision — | O x

Edit Wiew Explore Format Simulation Windows Help cadence

Erlon[woix[mEgn-E]|¢+ REREOEEE|MY

Search Mames: | Signal = B i || Search Times: | value - ﬂ‘?% ‘2%

X,

o
=
£

@ |3 6 objects selected

Timed | =[135 s~ |p2-| & = -5 %S5 @ | EEOissne+s ]| | Time: 88 [0: 135ns [ [ S

Bazeline =0

EF| Cursor-Baseline v = 135ns

Mame + Cursar «
& GMND
= voo
&= win

& vout
& io_GND
& io_wDD

1}
1
1
o
1}
1

Sl S
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0. Notice that in the “Waveform 1 - SimVision” window, the “Vout”
node is the ‘not’ of the “Vin” node. This behavior is expected for an
inverter.

p- You have now completed the step of running NC-Verilog on an
inverter schematic.

q- Note that each time you want to re-run the simulation, you must
close SimVision, re-netlist, and click the simulate button again.
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nFET: Generating I-V Curves for an nFET

a. You are now going to generate I-V curves for an nFET with
technology AMI 060u C5N (3M, 2P, high-res). Open the Library
Manager and create a new library called “EENG653Tutorial” as

shown in the image below.

O Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta

File Edit ¥iew Design kanager Help

SIEIES)

cadence

_ Show Categories _ Show Files
Library Cell View

EEMGES3Tutarial

EEMGES 3 IWourves Wigw
EENGES3Tutarial

MCEU_Analog_Pars
MCSU_Digital_Parts
MCSU_TechLib_amilg
MCSU_TechLib_amilé
MCSU_TechLib_hp0&
MCSU_TechLib_tsmc02
MCSU_TechLib_tsmc02d
MCSU_TechLib_tsmc03
MCSU_Techlib_tsme03d
MCSU_TechLib_tsmc0d_4mzpP
avTech

hasic

cdsDefTechLib

megan

-

Lack | Size

Messages

Log file is "fhomesafitendsfacimlanzerofcadence/ncsu-codk-1.6.0.betaslibkanager.log”.
Loading MCSU Library Manager customizations...done.

€
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b. In the Library Manager, click on “File > New = Library” to open the
“Create Library” window and complete it as shown. Attach the new
library to existing technology library “AMI 0.60u C5N (3M, 2P, high-
res).” Then click “OK.”

- Create Library E]W

Library

Mame: FENGES3Tutoria

Path:

Technology Library

I this library will not contain physical design (.e., [ayouf) data you do not need a tech library.
Othervise, you must either attach to an existing tech library or compile one.
Choose option:

Mo tech library needed

& attach to existing tech library == Al 0.60u C5N (3, 2P, high-res) n
 Compile tech library
Misc.
¥ Pad Type: & Perimeter o Area array

m Cancel | Apply Help
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c. The library “EENG653Tutorial” should now appear in the Library
Manager. You are now going to open a new schematic. Click on the
Library Manager. Select the library “EENG653Tutorial” and then
click “File > New > Cell View” and complete the “New File” window
that appears below. Set “Cell” to “Ivcurves” and “View” to
“schematic.” Then click “OK.”

- New File (x|
File
Likirary EENGESaTutorial [
Cell
Wienw schematic
Type schematic n
Application
Cpen with Schematics L n

_ Alvays use this application for this type of file

Libwrary path file
meeroScadence nosu-cdk-1. 6. 0. betascds. 1ihb
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d. Now you will see the schematic editing window. Spend some time
analyzing the window. On the left side, you will see shortcuts to
commonly-used commands such as: placing component instances (it
looks like an IC), drawing wires, placing ports, stretching, copying,
zooming in and out, saving, and so on. If you pass the mouse pointer
on top of the buttons you will see short pop-up help messages. You
also have access to these commands (and others) from the menu. It
is not possible in this tutorial to explain all the functionality of
Virtuoso Schematic so you are strongly encouraged to read the on-
line user manuals (select “Help”).
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e. You will now generate a schematic which will be used to generate
and plot I-V curves. Click ‘T’ in the schematic editor window to bring
up the “Component Browser” and “Add Instance” windows as shown
below. Select “NCSU_Analog_Parts - N_Transistors - nmos4.”

m Component Brows E]@E]

Commands  Help cadence

Library LNCSLI_.&.naIDg_F'arts

Flatten

Filter *

. (Go up 1 lewel)
nbsim
rh=imed
njfet
rmes
rme s
nmos

rimosd
rmosd b
rmos_hwv
ripin
usErnpn

N_Transistors

)

4 | Helpaction B
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f. These choices will automatically fill in the other pop-up window,
called the “Add Instance” window (You could have also filled in this
window directly).

Now move the mouse over the Virtuoso Schematic window, and you
will see an ‘outline’ (or ghost) of the transistor. You can move,
rotate, and/or flip this outline until the transistor is in the desired
orientation; when you are satisfied that the transistor is oriented
correctly, you can click on the left-mouse button to place the
transistor in the schematic.

It is possible to place the transistors one at a time, but it is easier to
place several transistors at one time as long as you know in advance
the required number.

In this case, you need five transistors, so select 5 rows and 1 column
in the “Add Instance” window as shown in the image on the next

page.

It is a good idea to save your design from time to time in case the
system crashes.
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=] Add Instance x|
Library  HCSU_Analog Parts Bronse
Cell nmosd

Wiew symbol

Mames

& Add Wire Stubs at:
 all terminals & registered terminals only

Aftay Rows & Columns 1

42 Rotate | Ak Sideways | = Upside Down

kodel name amilEN
Model Type ® system _ user
FAultiplier 1

Fingers 1

Width (grid units) 10

Width 1.50 M
Width (minimurn) 1.50 M
Length {grid units) 4

Length 600n M
Lendgth {minimum) 600n M
Drain diffusion area o 25e-12
Source diffusion area 2. 2Ge-12
Drrain diffusion perimeter bu M
Source diffusion perimeter Bu M

Drain diffusion res sguares

Source diffusion res sguares

YWiruoso-HL layout cell

Drain diffusion length

source difusion 1ength

Temp rise from ambient

Estimated operating region sat

m Cancel Diefaults

Help
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g. Now you can place the five transistors by clicking on the left mouse
button for the first transistor and then moving the mouse vertically
downward and clicking again. Do these five clicks now. If you make
mistakes, you can always go to “Edit = Undo” and try again. You can
press the ESC key on the keyboard to get out of the place instance
mode, or you can keep placing other parts.

You can also move parts and delete parts. Please explore the
different editing functions.
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h. The schematic that you are building is shown below.

ﬂ Virtuoso ® Analog Design Environment L Editing: EENG653Tutorial IVcurves schematic =8

x

Launch File Edit ¥iew Create Check Opfions Migrate Window MNCSU Help cédence

- - ‘Workspace: | ADE L 'Q =8 o3 :]ﬁ Uy o T, | = 6\- n -
L@ 0 B |2t

Havigator edll- 1S

Default

n Z
Q B-
Mame = |

= I¥curves

©) MO fnmos4)

N1 (hmos4]
MEZ (nmosd)
)
)

MG (nmosd,
M (nmos4,
WO (v
W1 (vdc)
W (wdc)
W3 (vde)
W4 (vdc)
Wa (vdc)
WE (vdc)
VT (wdc)
WE (vde)
WA (vdc)
Y10 (vdc)
gnd!

netd

netd

nets

netd

net?

hetd

netd
nettd
net1l
net12
netdl7

grdl
Properly Editor 7E X

SN = d O @ %X @ T ¢ B-7 v QR QAW LLE®E

mouse L: showClickinfof h: schHibouzePoplUp( R: schHibaousePoplUpi
162 | streteh | Cmd Sal 0 status: Ready | T=27 C | Simulator spectre | State: tmpstate ]|
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i. Now you need to add ports, wires, and the power supply. First, add
ground by clicking ‘I’ again and then choosing “Supply-Nets” and
then ‘gnd’ in the Component Browser window. Place one gnd below
the five transistors as shown in the image on the previous page.

[€] component Brows|-|[0]x]

Commands Help  cadence

Library \NCSU_AnaIDg_ParTs

Flatten _

Filter *

. iGo up 1 lewel)

qrda
grdd
ascport

powersupply

Wi

VCoa

wood

wdd

wdda

wddd v

Supply Nets

)

12 | Helpaction B

]

Add Instance

%

Library
Cell
Wiew

Mames

NCSU_Analog Parts

Browse
—_—

gnd

symbol

M Addd Wi

re Stubs at

« all terminals & registered terminals only

Array

Rows 1 Columns 1

A~ Rotate Ak Sideways = Upside Down

Defaults

Help

j. Now add wires by typing ‘W’ in the schematic to connect all the

transistor sources and transistor bodies to ground.
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K. Now add six DC voltage sources, one for VDS and one for each VGS.
The DC voltage sources are in the “Voltage_Sources” directory with
the name ‘vdc.” Remember to save your design. More information
about adding the six DC voltage sources are in the next step. The
first one should be added with the windows shown below.

rlﬂ Component Brows E]@E]ﬁ

Commands  Help cadence

Library LNCSLI_.*—‘-.naIDg_F'arts

Flatten

Filter *

. fGo up 1 lewel)
Cowvs
VoS
Verp
vpulse
wpwl
wpwlf
wain

Voltage Sources

i

11 | Helpaction B
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- Add Instance (x|
Likarary NCSU_Analog Parts Browse
Cell wdc

Wienw symbol

MHames

M Add Wire Stubs at:
« all terminals & registerad terminals only

Array Roves 1 Columns 1

. dZRotate | Ak Sideways | | = Upside Down

AC magnitude

& phase

DC voltage Ev

Moise file name

Mumber of noisesfreq pairs o

Temperature coeffiicient 1

Temperature coefiicient 2

Mominal temperature

m Cancel Defaults Help
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Now connect the DC voltage sources with wires to the transistors.
As you place each vdc source (you can place them one after the
other, no need to click on ‘instance’ in between), change the VGS
power suppliestobe 5V,4V,3V,2V,and 1V respectively, by
inserting the appropriate value for the DC voltage property. The
form on the previous page has 5 V inserted, for example, in the “DC
voltage” field.

. You now need to add five more ‘dummy’ voltage sources (each with

a value of 0 V) so that you can plot the current in each transistor (it
seems from existing tutorials that there is a bug with the transistor
models right now, and the transistor currents cannot be plotted
directly). Add the five ‘dummy’ ‘O V’ sources in series with the
drains, and a voltage source vdc of ‘5 V’ for VDS. Press the ESC key
to exit from the ‘Add Instance’ mode. In case you make a mistake,
you can perform ‘Edit = Undo’, or you can correct the mistake by
some form of editing. For example, if you typed the wrong value for
the DC voltage source for ‘vdc’, you can change the value later by
first selecting the instance (click on it in the schematic) and then
type ‘q’ (or “Edit = Properties = Objects”). Then, a pop-up window
will appear where you can change the field, as shown in the image
below.
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- Edit Object Properties (x|
&pply To only curremnt n instance n
show _ system o user o CDF
Erowse Reset Instance Labels Display
Froperty Walue Dizplay

Likrary Marme NCSU_Analog Parts

=

0 n

Cell Mame wdi off n

Yiesw Mame symbol off n

Instance MName vid off n
Ao Delete Aoty

User Property kAaster Value Local Yalue Dizplay

lvslgnore TRUE

CDF Parameter Yalue

ff

o

Dizplay

&C magnitude

=

&C phase

=

DC voltage Ew

=

Moise file name

=+

Mumber of noisesfreq pairs 1]

Temperature coefficient 1

=

Temperature coeficient 2

=

Mominal temperature

m Cancel . Apply Defaults

=

abbbbbE.

Frevious [ et

)
I
1o

=
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n. The final schematic will look like the image below.

ﬂ Virtuoso® Analog Design Environment L Editing: EENG65 3Tutorial IVcurves schematic = =0 .3
Launch File Edit Wiew Create Check Options Migrate Window MCSU  Help cédence
bUEew S O X QO T ¢ -7 7 QUKL aQHE ML L= EE

-~ warkspace: | ADE L B&E & | Ty Ty | By o B -
LWEQOQLIE B (& IR-&-2>-

Havigator 78 %

" Default

Q

mouse L: showClickinfol t: schHibMousePopUp() R: schHitdousePoplpl

kame

K I}.fcurves

MO {nmosd)
M1 (nmosd)
N2 frmosd)
[RERGLTESN]
M4 (nmosd)
WO (vdc)
W1 (vt
W (wdc)
W3 (vdc)
Va fc)
WA (wdc)
WE (vdc)
W7 (vdc)
W (v
WA (vdc)
Y10 {vdc)
e

netd

netd

nets

neth

net?

netd

netd
netlo
net11
netlz
netl17

Property Editor 7.8 %

1(2) | stretch

n'

=l

T

gnd!

gndl

nat4 [dne

~ gnal

‘ Cmd: Sel: 0 Status: Ready ‘ T=27 C | Simulator: spectre ‘ State: tmpstate J

169 |



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

0. Now you need to check and save your design. In the Schematic
window, select “File 2 Check & Save.” Make sure to read the log file
reported in the CIW window to be sure that Check & Save completed
with no errors. There should be no errors and no warnings. If there
are any errors and/or any warnings, you will need to fix them in the
schematic. After fixing any errors and/or warnings, you will need to
Check & Save the schematic again. You will need to Check & Save the
schematic each time you make changes to the schematic.

p- Assuming there are no errors, and that the design passed Check &
Save, you can now proceed to the simulation step.
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g. In the Virtuoso Schematic window, click on “Launch - ADE L” to
launch the Virtuoso Analog Design Environment window as shown

in the image below.

Virtuoso ® Analog Design Environment (1) - EENG653Tutorial IVcurves schematic E]@E]

Session  Setup Analyses Yarlables Outputs  Simulation  Results Tools Help cadence
I 27 I
Anal =
Design Variables yses S .o
_ Type | Enahle| Arguments e
Marme | Value 1 dc W 05 Automatic Start-Stop 10 @
-
®
Qutputs il §| O
Mame/Signal/Expr | Walue | Plot| Save| Save Options | !_
. Plot after simulation: |Auto n Plotting mode: Replace n
nouge L: h: R
Status: Ready | T=27 C | Simulatar: spectre | State: tpstate J

2(5) | save State ...
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r. First you need to choose the simulator. In the Analog Design
Environment window, select “Setup - Simulator/Directory/Host”
and the window below will appear. This window is “Choosing
Simulator/Directory/Host” window. Choose ‘spectre’ in the
Simulator pull-down menu and then click OK.

r:l Choosing Simulator/Directory/Host -- Virtuoso® Analog Desi E]1

Simulator spectre n

Froject Directory ‘afitend/fac/mlanzero/cadence /ncsu-cdk-1. 6. 0. beta
Host kode & [ocal o remote o distributed
Host

Remote Directory

m Cancel Defaults Apaly Help
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s. Next you will choose model libraries. Click on the Virtuoso Analog
Design Environment window and select “Setup - Model Libraries.”
Select the following paths in the “spectre0: Model Library Setup”
window. These are the paths to the model for the NMOS device and
the PMOS device:

i. /apps/vlsi/ncsu-cdk-
1.6.0.beta/models/spectre/nom/ami06N.m
ii. /apps/vlsi/ncsu-cdk-
1.6.0.beta/models/spectre/nom/ami06P.m
iii. Then click OK.

] spectreD: Model Library Setup E]
|Madel File |Sectian |
E- Global Model Files
i W fappsivisiincsu-cdk-1.6.0 beta‘modelsdfspectre/nomsamiiBhlm e
i W lfappsivisiincsu-cdk-1.6.0 betarmodels/spectrednomsamilGP.m —
S W |- Click here to add model file= ]
—_
“
b4
-

Cancel | Apply Help
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t. Now you will choose the type of simulation. Click on the Virtuoso
Analog Design Environment window. Select “Analyses - Choose”
and the window below will appear. This is the “Choosing Analyses”
window. You are doing a DC sweep, so click on the ‘dc’ radio button,
and then click on ‘Component Parameter’ check-box. Then click on
the VDS component in the Schematic window and choose dc in the
Select Component Parameter pop-up window and click ‘OK’.

] Choosing Analyses -- Virtuoso® Analog Design E[E]

Analysis — tran & dc o/ ac — hoise
g - sens o domatch o osth
 pz — 5p — envip o Pss
«/ pac — psth O pnoise o pEf
— psp — pss o gpac — fpnoise
Ot -~ fqpsp o hb — hhac
— hhnoise

DC Analysis

Save DC Operating Point
Hystaresis Sweep

Sweep Variahle

Component Mame /w10

_ Temperaturs
_ Design Variable

Select Companent

» Component Parameter Farameter MName do

_ hodel Parameter

Sweep Range

& Start-Stop

— Center-Span

Start 0

Sweep Type
Aytamatic n

&Add Specific Points

Enahled

m _Cancel

Stop  §

Options...

4

_Defaults | Apply  Help
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- Select Component Parameter E]
type srcType "Source type"

"OC woltage"
mag AT "AC magnitude”
phase acp "AC phase"
tcl tel "Temperature coefficient
tok tel "Temperature coefficient
trnom trom "Nominal temperature”

r

€y cancel Help
e

u. Then, back in the “Choosing Analyses” window, set Start to ‘0’ and
set Stop to ‘5. Set the ‘Sweep Type’ to ‘Automatic.’ Setting the
sweep type to automatic will do a dc sweep of VDS from 0 Vto 5 V.
Then click ‘OK’ in the “Choosing Analyses” window.
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v. Click on the “Virtuoso Analog Design Environment” window. Select
“Outputs - Save All” which will bring up the ‘Save Options’ form
shown below. In this form, select ‘allpub’ for signals to save (the
default). In general, you will want to save only a subset of signals so
that you save computing resources, but this schematic is small

enough that it is OK to save all the signals
Options” form.

]

Save Options

%

Select signals to output (save)

Select power signals to output (pw)

et level of subcircuit to output (nestivl

none _ selected _ Ivlpub vl # allpub o all

none _ total _ dewices _ subckis _ all

Select device currents (currents)

et subcircuit probe level (subckiprobelyl)

Select AC terminal currents (useprobes)

selected _ nonlinear _ all

_ yes no

Select AHDL wariables (saveahdlvars)

selected __ all

Save model parameters info
Save elements info

Save output parameters info
Save primitives parameters info
Save subckt parameters info
Save assers info

Save extreme info

<

14

L4

<

<

Cutput Format

Use Fast Viewing Extensions

sst2 _ pst _ psfwith floats 0 pstxl

_Cancel | _Defaults | _&pply . Help

. Click “OK” in the ‘Save
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w. Now you are ready to simulate your schematic. In the “Virtuoso
Analog Design Environment” window, click on “Simulation - Netlist
—> Create raw” to create the netlist.
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X. Now you are ready to run the simulation. Click on the “Virtuoso
Analog Design Environment” window. Click on “Simulation - Run.”
The CIW reports a successful simulation, and the file below will
appear. This file will appear in the case that there are no errors.

In case you have errors, you will need to go back and correct them.
This process can be tricky. You may need to do to “Simulation 2>
Netlist” and “Simulation = Run” each time you change the
schematic.

Note: Each time you change the schematic, you will need to do a
Check & Save.
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[c] /nome/afiten3/fac/mianzero/cadence/ncsu-cdk-1.6.0.beta/[—| (O[]

Eile Help cadence

Loading /apps/vlsi/Cadence/MMSIMI0] fools. InxBE/oni /Lik/64bit/5 O/11hiy
Loading /apps/vlsi/Cadence/MMSIMI0L ftools. InxB6/ond /1ib /E4bit /T 0/ 1ibp
Loading /apps/vlsi/Cadence MSTHL0L /tools nxB6,/omi /1ih/64bit/5 0/Lihs
Loading Jfapps/vlsi/Cadence /MMSIMI01 tools. Inx86/cmi/1ih/64bits/5 0/1libs

Time for WDE Parsing: CPU = 65.989 ms, elapsed = 128 782 ms.
Time accumulated: CPU = 65 080 ms, elapsed = 122 722 ns
Peak resident memory nsed = 341 Mhytes

Time for Elshboration: CPU = 14,998 ms, elapsed = 23. 0691 ms.
Time accumulated: CPU = 20 087 ms, elapsed = 152,077 ns
Peak resident memory nsed = 381 Mhytes

113287 ns

Time for EDE ¥isiting: CPU = 999 us, elapsed =
= 154,315 ns

Time accumulated: CBPU = 81 986 ms, elapsed
Peak resident memory nsed = 383 Mhytes

Circuit inwentory:
nodes 11
baimdwd &
wvsource 11

Time for parsing: CPU = 1 ms, elspsed = 2. 22204 ms.
Time accumulated: CPU = 82 986 ms, elapsed = 157 633 ms
Peak resident memary used = 39 Mhytes

Entering remote command mode using MPSC service (spectre, ipi, w0.0, =

Warning from spectre
WARNTNG (SPECTRE-16T07) : Only bran supports psfxl formab, result o

OC Analysis “deo': Wil:de = (0 ¥ -» 5 ¥)

Important parameter values:
reltol = 1le-03

abstol (V) = 1 u¥

abstol(I) = 1 ph

temp = 27 G

tnom = 27 C

tempeffects = all

gninde = 1 ps

de: de = 200 m¥ (4 %), step (2 %
do: de = 300 n¥ (6 %), step 2 %)
de: dc = 400 nv (3 %), step (2 %
de: de = 500 mv (10 %), step (2 %)
de: de 600 my (12 %), step (2 %
de: de = TO0 m¥ (14 %), step (2 %
do: de = 800 n¥ [1f %), step 2 %)
de: do 00 mv (18 %), step (2 %
de: de 1w (20 %), step (2 %)
de: de i11v (22 %), step (2 %
de: de 1.2v (24 %), step (2 2
de: de = 1.3V [26 %), step (2 %)
de: do 1.4v (28 %), step (2 %
de: de 1.5 v (30 %), step (2 %)
de: de 1.6v (32 %), step (2 %
de: de 1.7V (34 %), step (2 2
de: de = 1.8 ¥ (36 %), step (2 %)
de: do 1.9v (38 %), step (2 %
de: de 2y (40 %), step (2 %)
de: de 21v (42 %), step (2 %
de: de 2.2v (44 %), step (2 2
de: de = 2.3 ¥ [4f %), step (2 %)
de: do 2.4 v (48 %), step (2 %
de: de 2.5V (50 %), step (2 %)
do: de 2.6V (52 %), step (2 %
de: de 2.7V (54 %), step (2 2
de: de = 2.8 ¥ (56 %), step (2 %)
de: do 2.9v (58 %), step (2 %
de: de Iv (60 %), step (2 %)
do: de 31v (62 %), step (2 %
de: de 32V (64 %), step (2 2
de: de = 3.3 ¥ [BF %), step (2 %)
de: do 34 v (68 %), step (2 %
de: de 35V (70 %), step (2 %)
do: de 36V (72 %), step (2 %
de: de 37TV (74 %), step (2 2
de: de = 3.8 ¥ (76 %), step (2 %)
de: do 39V (78 %), step (2 %
do: de =4 ¥ (B0 %), step (2 %)
do: de =4.1 ¥ (B2 %), step (2 %
de: de 4 2V (84 %), step (2 2
de: de = 4.3 ¥ (B %), step (2 %)
do: dc = 4.4 ¥ (88 %), step (2 %
de: de = 4.5 ¥ (90 %), step (2 %)
do: de = 4.6V (92 &), step (2 %
de: de 4.7V (94 %), step (2 2
de: de = 4.8 ¥ (96 %), step (2 %)
do: dc = 4.9 ¥ (98 %), step (2 %
do: de =5 W (100 %), step = 100 m¥ (2%

Total time required for dc a:nalya;LS “de': CPU = 8 999 ms, elapsed = 10
Time accumulated: CPU = 91 985 ms, elapsed = 1 44215 s
Peak resident memory nsed = 398 Mhytes

modelParameter: writing model parameter values to rawfile
element: writing instance parameter walues to rawfile.
outputParameter: writing output parameter values to rawfile
designParanVals: writing netlist paramsters to rawfile
primitives: writing primitives to rawfile.

subckts: writing subcircuits to rawfile.

7| Helpaction |
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€] Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CDS.24april2012.log

B[EIE]]

File Tools Qptions Help

cadence

wire drawing -> bounding beoos: (175,00 94) (-1.12,0.94)

wire drawing -» bounding boss: (-1.44, -4.81) (-1 44,1 00}
INFO (SCH-1170): Extracting "IVeourves schematic®
Warning: Pin "D" on instance "N4": floating input/output.
Warning: Pin "D" on instance "N3": floating inpub/output.
Warning: Pin "D" on instance "N2": floabing inpub/output
Warning: Pin "D* on instance "N1': floating input/output
Warning: Pin "D" on instance "N0": floating input/output.
INFO (SCH-1172): There were 0 errors and 5 warnings found in "EENGES3ITutorial IVourves schematic®.
Getting schematic propert bagGetting schematic propert bagINFO (SCH-1181): "EENGE53Tutorial IVcurves schematic' sawved.
Getting schematic propert hagletting schematic propert bag
Getting schematic propert hagletting schematic propert bag
INFO (SCH-1170): Extracting "IVeourves schematic®
Warning: Pin "PLUS" on instance "¥9": floating input/output
Warning: Pin "PLUS" on instance : floating input/output
Warning: Pin "PLUS" on instance + floating input/output
Warning: Pin "PLUS" on instance : floating input/output
Warning: Pin "PLUS" on instance " : floating input/output
INFO (5CH-117Z2): There were 0 errors and & warnings found in "EENGES3Tutorizl IVcurwes schematic'.
Getting schematic propert haghetting schematic propert bagINFO (SCH-1181): "EENGES3Tutorial IVourves schematic saved
INFO (SCH-1170): Extracting "IVeourves schematic®
INFO (SCH-1426): Schematic check completed with no errors.
Getting schematic propert bagGetting schematic propert bagINFO (SCH-1181): "EENGE53Tutorial IVcurves schematic' sawved.
Loading oasis cxb
Loading aww. cxt
Loading wiva. cxt
+PARNING* (icLic-3) Could not get license Analog_Design Envirorment L
#INFO* (icLic-25) License Analog Design Environment ¥ ("05210") was used to run ADE L
Loading analog. cxt
Loading asimenv. cxt
Loading spectred. cxt
Loading relXpert. cxt
Loading par. cxt
Loading socket. cxt
Loading alws. cxt
Loading adpServer. cxt
INFO (ADE-1087): ADE state setbings of the previons design are retained in the current design
Some of the settings may not he applicable to the current design. ¥erify these
settings hefore running simulation. To clean up the previous setup, choose Session-Reset.
EEROR (ADE-3030): Invalid command to create netlist for simulator spectre.
Use the createNetlist command.
generate netlist
Loading spectreinl. cxt
Loading seCore. cxt
Initializing the control file using cp:

Copying Spectre source file 'spectre. inp'

Copying Spectre command file 'spectre.sim’

Begin Incremental Netlisting Apr 25 13:06:02 2012
End netlisting Apr 25 13:06:02 2012

Hetlisting Statistics:
Number of components: 16

Elapsed time: 2.0s (B.00/s)
Errors: 0 Warnings: 0
..successful.

compose similator imput file.
Loading devtheck. oxt
successful
Delete psf date in /home/afitend/fac/mlanzero/cadence mosu-cdk-1. 6.0 beta/IVeurves/spectre/schematic/psf
generate netlist..
Eegin Incremental Netlisting Apr 25 13:06:22 2012
End netlisting apr 25 13:06:22 2012

The netlist is up to date
Time taken to compare the design with netlist 0.0s
successful
compose simulator input file
..successful.
start simulator if needed. .
successful
Loading paraplot. cxt
simulate. . .
INFO (ADE-3071): Simulation completed successfully
reading similation data. .
successful

CREEE

I il

P
cp Japps vlsi/Cadence/I0615/tools. 1nxB6/Af IT/ete /sl /control spectre /home/afiten3/fac/mlanzero/cadence/mesu-cdk-1. 6.0 heta/IV¥ourves /spectrefschematic/netlist/contrall

nimouse L i

1 | = Select component..
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. If there are no errors in the simulation, you are now able to plot the
simulation results. Click on the “Virtuoso Analog Design
Environment” window. Select “Results = Direct Plot 2 DC” which
will pop-up your schematic window. Now you have to click on the
signals that you want to see. Since this is a DC-sweep, you want to
see the drain currents into the five transistors. In order to see these,
you have to click on the small red square at “+” terminal of each of
the dummy power supplies in series with each drain. Make sure you
click on the red square (the pin) which means current, versus any
other part which means net, or voltage. Click on all five (5) power
supplies. If you are clicking correctly on the pins, a circle (in color)
should appear around each chosen pin as shown in the figure below.
Note that the circle around each pin will be a different color.
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@ Virtuoso® Analog Design Environment L Editing: EENGE53Tutorial IVcurves schematic = O] =

Launch FEile Edit Miew Create Check Options Migrate Window MNCEU Help (éden(e

(I ™ $ 0 mxX @ T ¢ -7 v |Q Q@& ¥ 1L 1L »E

- - Warkspace: | ADE L n|=E'LJ = A5 :lﬁ 1y iy Ty | | o n -
£ R G OB B {5 I8 -7~

DC
Trans

Havigator 78X |

q B-
el

Default B.

Mame
Veurves
- () MO {nmos4)
() M1 (nmosd)
- (2 M2 (nmosd)
- () M3 (nmosd)
- () M4 (hmosd)
- () W0 (wdc)
-2 W (vdc)
- () W2 (wdc)
- () W3 (wdc)
- (0 W4 (vdc)
- () W5 (wdc)
) W6 (vdc)
- (0 YT (wvdc)
() VE [vic)
-0 W (vdc)
() W10 (vde)
gl
netd
netd
nets
nett
net?
nett
netd
netld
net1l .
netlz
neto17 . ..T“T"!.

Y

Property Editor 7EX

1(2) | Streteh | Crd: Sel: 0 Status: Ready | T=27 C | Simulator spectre | State: tmpstate J

32 |

mouse L showClickinfod) h: schHitousePopUp( R: schHikousePoplpi)
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Z. Now you can press on the ‘ESC’ key to finish choosing the signals.
You should finally get the desired simulation results, five [V-curves.

At Virtuoso (R) Visualization & Analysis XL —[|O]|*
File Edit ¥iew Graph Axis Trace Marker heasurements Tools Window  Browser Help cadence
9 FL] Uj ¥} Layout| &uto nSubwindows: o Responsen Workspace: | Classic n |=E'LJ l(==-|0
P P > L - ¥ L
QO & Q = I NE L

] EENGES3Tutorial 1V curves schema... [

—m

DC Response

500.0

AQ0,.0

300.0

100.0

-100.0

dc (V)

nmouse L: Il R: "
309 | New strip 1
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aa. It is a good idea to save the state of your simulation before you
exit the simulation window. You can save the state of your
simulation by clicking on the “Virtuoso Analog Design Environment
window. Then click on “Session = Save state” which will bring up
the “Saving State” window shown in the image below. This will be
helpful if you want to redo any of the simulations without having to
re-enter everything from scratch.

)

] Saving State -- Virtuoso® Analog Design Environment (1) E]
Save State Option & Directory o Cellview

Directory Options

State Save Directory ~f artist_states \EerWSE...J

Save As

Existing States state-ivcurves

Cellview Options

Library EEMGESITutarial
Cell IVourves Branse. ..
State spectre_statel
Description
Hone oy
I e
What to Save
_Select &ll ) Clear &All
¥ Analyses o Yariahles ¥ Outputs
» Model Setup & Simulation Files » Environment Options
¥ Simulator Cptions » Convergence Setup » Waveform Setup
¥ Graphical Stimuli » Conditiohs Setup ¥ Results Display Setup
» Device Checking Setup ~ Relxpert Setup » Cogimulation Optiong

& Turbo and Parasitic Reduction & MDL Control Setup o Distributed Processing

» Parameterization Setup

_Cancel /| _Apply | Help

bb. You have now saved the state of your simulation of five IV-
curves.
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nFET: Parametric Simulation of I-V Curves (nFET)

. You will now learn another way to perform the same type of

simulation as in the previous section. The idea behind this section is
to show another choice about how to achieve the same result within
the Cadence Design tool framework. To review, in the previous
section, you used multiple devices (five devices) to obtain the five IV
curves. You are now going to achieve the same results (and expand
to ten IV curves) by using a single transistor for which you will
change the voltage VGS.

Close the Analog Environment and the IV curves schematic, now you
will start another schematic that you will call “IVparam.”

Instead of starting with a new schematic window, you will start from
your [Vcurves schematic that you made in the previous section.

Open the Library Manager as shown in the figure below. Click on the

Library Manager window, and in the window, select the [Vcurve
cellView and choose “Copy.”
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] Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta E]@E]
File Edit Miew Design Manager Help cadence
_ Show Categories _ Show Files
Library Cell View
EEMGESITutorial IWourves
EENGAESS I¥curves Wiew -~ | Lock | Size
EENGES3Tutorial [ param schematic

MCSU_Analog_Pars
MCEU_Digital_Farts
RCEL_TechLib_amilf
MCSI_TechLib_amilé
MCEU_TechLib_hpls
MCSU_TechLib_tsmc02
MCEL_TechLib_tsmc0zd
MCSU_TechLib_tsmc03
MCSU_TechLib_tsmc0sd
MCSU_TechLib_tsmc0d_4kzP
avTech

hasic

cdsDefTechLib

megan

Messages

4

Frocessing files to he copied...

Log file is "/homesafitendifaci/mlanzero/cadences/ncsu-cdk-1.6.0.betadibhManager.log”.
Loading MCSU Library MManager customizations...dane.
Beginning simple copy to likrary "EEMNGBES3Tutarial”.
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b. The “Copy Cell” window will appear as shown in the image below
Complete the “Copy Cell” window as shown with the name of the

new cell as “IVparam.”

%]

Copy Cell

From
L

Library EEMGESITutorial

a

Cell Wourves

To
L

Library EEMGEIITutarial

Cell IVparam

Options

Copy Hierarchical
T TEL L TR L=TL e

W Skip Libraries NCSU_TechLib_tsmc0a
NCSU_TechLib_tsmc03d
RCSU_TechLib_tsmc0d_4bAZP avTech

hasic cdsDefTechLib megan

(i

Exact Hierarchy

Extra Wiews

¥ Copy All Yiews
YWiews To Copy  schematic

\Of Entire Likrary

Update Instances:

Database Integrity

Fe-reference customiaDefs

¥
¥ Check existence in technology database

_ Add To Category Cells #

m Apply Cancel Help
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c. After copying to the new cell “IVparam,” click on the “IVparam” cell
and then double-click on the schematic view of this cell. A schematic
should appear which is identical to the “IVcurves” schematic that
you made in the previous section. You are now going to delete the
bottom four transistors and their connections, as well as the bottom
four VGS and dummy power supplies. You may use “Edit 2 Delete,”
or clicking and using the mouse button to select regions of the
schematic to delete, and then clicking the delete button. You may
also click ‘d’ to delete.

Now you will change the value of the VGS power supply to
“parameter” as shown in the figure below. Note that the value
“parameter” will be a variable that you will set later in this section.
For now, change the value to the word “parameter.”

Finally, move the symbol for ‘gnd’ upwards in the schematic and
reconnect it to the rest of the schematic, as shown in the image

below.

Your final schematic should look like the image below.
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ﬂ Virtuoso® Analog Design Environment L Editing: EENG653Tutorial IVparam schematic = ajx
Launch File Edit Wiew Create Check Oplions Migrate Window NCSU Help cadence
Ry F 0 W x Q T ¢ 2T 7] AE ML LM E

- - Workspace: | ADE L '|=E‘L_I @0 M :ﬁ 'L[% A ’]h | \3% Q- n -
@R OO IE B IB-F-7-
.
" Dafault B

NI (nimosd)
Wi (wdc)
W (vdc)
W10 (vdc)
e

netll
netl2
netdl?

gnd!

Properly Editor el =2

mouse L: showClickinfad) t: schHibousePopUp() R: schHiMouseFopUp()
1(2)| Undo Crm: Sel: 0 Status: Ready |T=27 C | Simulator: spectre ‘ State: state-ivourves J
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d. Remember to “Check & Save” your schematic. Look in the CIW to
make sure that your schematic checks & saves without any errors.

[€] Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CDS.1May2012.log MR

File Tools Cptions Help cadence

wire drawing -» net: "gnd!" bouvnding box: (-1.50,-0.50) (-1.50,0.94)

wde {instance "¥0", libracy "NCSU_Analog Parts")

Loading layers. cxt

Loading cdf. cxt

INFO (SCH-1170): Extracting "IV¥param schematic®

Warning: Solder dot on cross ower at o -0.2500, 0.9375 ).

INFO (SCH-1172): There were 0 errors and 1 warning found in "EENGES3Tutorial IWparam schematic".

Getting schematic propert bagGetting schematic propert bagINFO (SCH-1181): "EENGES3ITutorial IVparam schematic' sawed.

wire drawing -» net: "gnd!" bounding bos: {-0.25,0.94) (1.69,0.94)

wire drawing -» net: "gnd!" bounding bosx: (-0 25,0.94) (1.60,0 94}

Getting schematic propert bagGetting schematic propert hag

INFO (SCH-1170) : Extracting "IV¥param schematic"

INFO (SCH-1426) : Schematic check completed with no errors

Getting schematic propert bagbetting schematic propert bagINFD (SCH-1181) @ "EENGES3ITutorial IVparam schematic' sawed.
Loading awv. cxt

L e —

g 1l

nmouse L: Il R

g i
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e. Now Click on the “IVparam” schematic and select “Launch - ADE L”
to bring up the Analog Design Environment window as shown

below.

Virtuoso ®@ Analog Design Environment (1) - EENG653Tutorial IVparam schematic E]@E]

Session  Setup  Analyses “ariables Outputs  Simulation Results Tools Help cadence
Il 27 |
Anal 7IE X
Design Variables yses S .o
_ Type | Enahle| Arguments e
N Mame | Yalue | || dc v 05 Automatic Start-Stop 10
1 parameter a3 - — @
=
®
Qutputs il §| O
Mame/Signal/Expr | Walue | Plot| Save| Save Options | !_

=

nmouse L:

Plot after simulation: | Auto n Flotting mode: Replace n

%R R

i}

23 | pc

Status: Ready | T=27 C | Simulatar: spectre | State: state-ivourves J
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f. In the Analog Design Environment window, select “Setup =
Simulator/Directory/Host” and choose Spectre as your simulator.
Select “OK.”

] Choosing Simulator/Directory/Host -- Virtuoso ® Analog Desl@

Simulator spectre n

Project Directory afitend/fac/mlanzero/cadence fncsu-cdk-1. 6. 0. heta
Host Mode & local o remote o distributed
Host

Remote Directory

m Cancel Defaults Apply Help
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g. Now you will load the state that you saved in the previous session.
In the Analog Design Environment window, select “Session = Load
State” which brings up the “Loading State” window shown below.
Select “IVcurves” as your cell and select the state name that you
saved in the previous section as shown.

] Loading State -- Virtuoso® Analog Design Environment (1) (x]

Load State Option & Directory o Cellview

Directory Options

State Load Directary ~/ artist states Erowse..
- e ————

Library EEMGBS3Tutarial H
Cell IWCurves n
Simulatar tspectre n

State Mame state-ivcurves

Celete State

Cellview Options

Library EEMGES3Tutarial
Cell I¥param Simulator
State Ermwse.. [Delete, State

U

Description
Hone e
AIIIK
What to Load
Selact All Clear All

¥ Analyses ~ ‘ariahles ¥ Outputs
» Model Setup # Simulation Files » Enviranment Options
# Simulatar Options M Convergence Setup o Waveform Setup
¥ Graphical Stimuli _ Conditions Setup _ Results Display Setup
» Device Checking Setup ~ Relxpert Setup » Cosimulation Options
# Turho and Parasitic Reduction & MDL Contral Setup _ Distributed Pracessing

¥ Parameterization Setup

Cancel |/ Apply Help
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h. Now you will edit the design variable “parameter” that you set in
your “IVcurves” schematic. Click first on the Virtuoso Analog Design
Environment window. Then click on “Variables = Edit” which will
bring up the “Editing Design Variables” window shown below. In
this window, set “Name” to “parameter” and “Value” to “5.” Click on
“Add” that will move the word “parameter” to the right-hand side of
the form under the “Name” column and will move the value ‘5’ to the
right-hand side under the “Value” column.

] Editing Design Variables -- Virtuoso® Analog Design En\rlrnnmen@

Selected Yariahle

Design Yariables

Mame parameter

YValue (Expr) 5

Add | Delete | Change

e - -

] et Clear Find

e - S —

_ Mame | Walue |
1 parameter 3

Cellview Yariables | Copy From | Copy To

m _Cancel . Apply

Apply & Run Simulation . Help
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i. Now you can netlist your “IVcurves” schematic. Click on the
Virtuoso Analog Design Environment window. Select “Simulation
= Netlist > Create Raw” which will netlist your schematic as shown

in the image below.

rm /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/ E]@E]ﬁ

File Help cadence

£ Generated for: spectre

FF Generated on: May 1 12:48:18 2012

A Design library neme: EENGES3Tutorial

A Design cell name: IVparam

#F Design wiew name: schematic

simulator lang=spectre

global O

parameters parameter=5

include " Sapps/vlsifncsu-cdk-1. 6. 0 heta/models /spectre /monSamileN. n"
include " fappsivlsifnocsu-cdk-1. 6.0 beta/models spectre nom ami06F. m"

A Library name: EENGES3Tutorial

A Cell name: IWparam

FF View name: schematic

MO {netll netl2 0 0) amiO6M w=1.5u 1=600n as=2 20e-12 ad=2. 20e-12 ps=f
pd=tu m=1 region=sat

V10 {net017 0} wsource type=dc doc=5

V5 inet0l7 netll) wsource type=dc dc=0

V0 (netl? 0) wsource type=dc do=parameter

simulatordptions options reltol=1e-3 wabstol=1e-6& izbstol=le-1Z2 temp=2
tnom=27 scalem=1.0 scale=1.0 gmin=1e-12 rforce=1 marmotes=5 macorar
digits=5 cols=80 pivrel=1e-3 sensfile=".. /fpsf/sens. ootput"
checklinitdest=psf

do de dew=V10 param=dc start=0 stop=5 write="spectre. dc" oppoint=rawfi
maxiters=150 maxsteps=10000 annotate=status

modelParameter info what=models where=rawfile

element info what=inst where=rawfile

outputParameter info what=output where=rawfile

desigrParam¥als info what=parameters where=rawfile

primitives info what=primitives where=rawfile

subckts info what=subckts where=rawfile

sawvelptions options sawve=allpub

Y
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j. Inspect the CIW to make sure that your netlist was created OK.

[€] Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CDS.1May2012.log NER)

File Tools Cptions Help cadence

+INFO* (icLic-25) License Analog Design Environment XL {"95210") was used to run ADE L
Loading spectrei. cxt
Loading rel¥pert. cxb
Loading devCheck. cxt
generate netlist. .
Loading spectreinl. cxt
Loading seCore. cxb
Initializing the control file using cp
cp Sapps/vlsi/Cadence /IC615/tools. LexBE/dfIT/ete /sl foontrol. spectre /home/afitend/fac/mlanzero/cadence /nosu-cdk-1. 6. 0. beta/I¥param/spectre/schenatic/net.
Copying Spectre source file 'spectre. inp’
Copying Spectre command file 'spectre. sim’
Begin Incremental Metlisting May 1 12:48:18 2012
End netlisting May 1 12:48:18 2012

Netlisting Statistics
Wumber of components 4

Elapsed tims 0.0s

Errors: 0 Warnings: 0

..successful.
conpose simulator input file

..successful.
Loading paraplot. cxb
Loading hspiceD. cxt
Loading magHandler. cxt
Loading UltraSim. cxt
Loading AMSOSS. cxb
Loading AMS. cxt
Delete psf data in /hone/afiten3/fac/mlanzero/cadence/nesu-cdk-1 6.0 beta/I¥paran/spectre/schenatic/psf
Writing simulator cutput to file "/home/afitend/fac/mlanzero/cadence/nosu-cdk-1.6. 0. beta/IVparam/spectre/schenatic/netlist/paraplot-sin-out".
5 parametric sinulations remaining
Setting parameter = 1
Begin Incremental Netlisting May 1 12:49:11 2012
End netlisting May 1 12:49:11 2012

The netlist is up ko date
Time taken to compare the design with netlist: 0.0s -
T,

PR, [

BETE s . - -
|_ L __
nmouse L: fu: R
1 | Click a property to edit. J|
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k. Now you will set up the parametric simulation. Click on the Virtuoso
Analog Design Environment window. In this window, select “Tools
—> Parametric Analysis,” and the “Parametric Analysis” window will
appear as shown below. In this window, set “Variable” to
‘parameter’, “Value” to ‘5’, “From” to ‘1’, “To” to ‘5’, and “Total Steps”
to ‘10’. The value of ‘10’ will give you 10 IV-curves with one
parametric simulation (To duplicate the results of the previous
section, set “Total Steps” to ‘5’). Here, 10 is suggested so you can see
the ease with which multiple simulations can be performed.

Parametric Analysis - spectre(0): EENG653Tutorial IVparam schematic E]@E]

Eile  Analysis Help cadence

I Parametric Simulation Completed.

- O 4 X [ T - |Fun Moseisveeps & ranes [ @ @ 0 |

Yariahle | Walue | Sweep? | Range Type |  Fram | To | Step Mode | Total Steps | Inclusion List | Exclusion List |
parameter 5 v Froms/To 1 3 Auto 10

T UL CESET

i

Infa- Paramatric Simnlation Camnlatad |

7| Helpaction
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l. Now you will perform the parametric simulation. Click on the
“Parametric Analysis” window. Select “Analysis = Start All.” The
window will appear as shown in the image below.

Parametric Analysis - spectre(0): EENG653Tutorial IVparam schematic E]@E]

Eile  Analysis Help cadence

Il FParametric Simulation Completed.

=l %|lﬂ ¥ O O ~ | Run Mode: Sweeps & Ranges n| Q@ © Wm|

Yariahle | Walue | Sweep? | Range Type |  Fram | To | Step Mode | Total Steps | Inclusion List | Exclusion List |
parameter 5 v Froms/To 1 3 Auto 10

T UL CESET

ff

Infa- Paramatric Simnlation Camnlatad

7| Helpaction |
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m. The Virtuoso Analog Design Environment will look like the image
below.

Virtuoso ®@ Analog Design Environment (1) - EENG653Tutorial IVparam schematic E]@E]

Session  Setup  Analyses “ariables Outputs  Simulation Results Tools Help cadence
Il 27 I
Anal 7IE X
Design Variables yses S o
_ Type | Enahle| Arguments .
_ Mame | Value [ ||y oc v 05 Automatic Start-Stop 10
1 parameter 5 - = @
=
®
Outputs 78X Q)
Mame/Signal/Expr | Walue | Plot| Save| Save Options | !_
> Results in ..erofcadencedncsu-cdk-1.6.1| Plot after simulation: |Auto n Plotting mode: Replace n

nmouse L. b R:
2(3) | Stop Status: Ready | T=27 C | Simulator: spectre | State: state-ivcurves J
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n. Look at the CIW to make sure that the parametric simulation
completed successfully, as shown in the image below.

m Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CDS5.1May2012.log

[=)B]0x]

File TIools Options Help

cadence

Writing simulator cutput to file "/home/afitend/fac/mlanzero/cadence/nosu-cdk-1.6. 0. beta/IVparam/spectre/schenatic/netlist/paraplot-sin-out".
5 parametric simulations remaining

Setting parameter = 1

Begin Incremental Netlisting May 1 12:49:11 2012

End netlisting May 1 12:49:11 2012

The netlist is up to date
Time taken to compare the design with netlist: 0.0s
INFO (ADE-3071): Simulation completed successfully.
INFO (ADE-3071): Simulation completed successfully
INFO (ADE-3071): Simulation completed successfully.
INFO (AOE-3071): Simulation completed successfully.
INFO (ADE-3071): Simulation completed successfully.
The simulator output is in the file "/home/afitend/fac/mlanzero/cadence/nosu-cdk-1.6. 0 beta/IVparam/spectre/schematicmetlist/paraplot-sin-out".
parametric simulation complete
Delete psf data in shome/afitend/fac/mlanzerc/cadence /nosu-cdk-1. 6.0 beta/IVparan/spectre/schemnatic /psf
Writing simulator cubput to file "/home/afitend/fac/mlanzero/cadence/nosu-cdk-1.6. 0. beta/IVparam/spectre/schenatic/netlist paraplot-sin-out".
10 parametric simulations remaining
Setting parsmeter = 1
Eegin Incremental Netlisting May 1 12:50:49 2012
End netlisting May 1 12:50:49 2012

The netlist is up to date.
Time taken to compare the design with netlist: 0.0s
INFO (ADE-3071): Simulation completed successfully
INFO (ADE-3071): Simulation completed successfully.
INFO (AOE-3071): Simulation completed successfully.
INFO (ADE-3071): Simulation completed successfully.
INFO (ADE-3071): Simulation completed successfully.
INFO (ADE-3071): Simulation completed successfully
INFO (ADE-3071): Simulation completed successfully.
INFO (AOE-3071): Simulation completed successfully.
INFO (ADE-3071): Simulation completed successfully.
INFO (ADE-3071): Simulation completed successfully.
The simulator output is in the file " /home/afitend/fac/mlanzero/cadence/nesu-cdk-1.6.0 heta/I¥param/spectre/schematic/mestlist paraplot-sin-out"
parametric simulation complete.

- B -

lmouse L: I

1] =

200|Page




Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

0. After the parametric simulation completes successfully, you are
ready to look at the results of your simulation (the 10 IVcurves).
Click on the “Virtuoso Analog Design Environment” window and
select “Results = Direct Plot > DC.” Then click on the terminal of
the dummy supply in the drain of the transistor. After clicking the
terminal, the terminal will then be surrounded by a circle, as shown
in the image below (where the circle is red).

ﬂ Virtuoso® Analog Design Environment L Editing: EENG653Tutorial IVparam schematic P [0 .3
Launch File Edit Yiew Create Check Options Migrate Window NCSU  Help cédence
- —~ e . - 2= = B
U=« F 0 @ %X QO T, = ¢ -7 7 QU Q EQE || L L=
-l Workspace: | ADE L BE G M s Iy o T B-
— — - = —— s J
R QO I B (& I8-6-2F-
Diefaull - [
Q B-
ame =)
Wparam
(&) MO (nmosd)
@) VO (vdc)
(@) S (viic)
@ V10 fwde)
w1 gndt
w7l nettl
Ll net12
L netin?
Property Editor 78x
T G I—
mouse L showClickinfol) M: schHiMousePopUp() R: schHikaousePoplpl
1(Z)| Undo Cd: Sel: 0 Status: Ready |T=27 C | Simulator: spectre \ State: state-ivcurves J
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p- Now click the “ESC” key. You will see a family of 10 IVcurves
displayed in the “Virtuoso Visualization & Analysis XL” window as
shown below. Count the number of IV curves; the figure below
shows ‘10’ IV curves.

At Virtuoso (R) Visualization & Analysis XL - |0 =
File Edit ¥iew Graph Axis Trace Marker heasurements Tools Window  Browser Help (é dence
9 FL] Uj ¥} Layout| &uto nSubwindows: o Responsen Workspace: | Classic n |=E'LJ l(==-|0
Q0O &\’ Q » Z L LUNE -
] EENGES3Tutorial 1V param schematic [
DC Response Tue May 1 12:53:37 2012

500.0

AD0,D

3000

100.0

-100.0

limouse L: I R: '
34y | Redo  shifil 1

g- You have now completed the parametric simulation tutorial.
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23. Inverter: Generating a Voltage Transfer Curve (VTC) of an
Inverter

a. In this tutorial, you will generate a voltage transfer curve (VTC) of an
inverter. Open the Library Manager and select the EENG653 library
that you created previously. Select the inverter schematic and open
it with the schematic editor. The select the inv_test schematic and
open it with the schematic editor.

] Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta E]@E]
File Edit “iew Design Manager Help CEdEI’I(E
_ Show Categories _ Show Files
Library Cell View
EEMGES] inwerter schematic
EEMGRES3 iny View -~ | Lock
EEMGEIITutarial iny_test extracted
MCEU_Analog_Parts inverter layout
MCSU_Digital_Parts Ed schematic [mlanzero@vlsifacil
MCEU_TechLib_amidg symbol

MCSU_TechLib_amilg
NZE_TechLib_hpO&
MICSU_TechLib_tsmc02
MCSI_TechLib_tsmeclzd
MCSU_TechLib_tsmc03
RCEL_TechLib_tsmc0sd
MCSU_TechLib_tsmc0d_4kdzP
a¥Tech

hasic

cdsDefTechLib

megan

Messages

Deleting Tibrary "EEMGEI S Tutormaly TC™

Deleted library 'EEMNGEI3TUutarialyTC Warning: The directory: Yhomesafiten3fac/mlanzero/cadence/ncsu-
hutwwas defined in libFile Yhomesafiten3dac/mlanzero/cadence/ncsu-cdk-1.6.0 betascds. ik i

Delete of library "EEMGE33TutoralvTC" succeaded.

Deletion of library done.

Warning: The directory: Yhomesafitendfac/mlanzero/cadence/ncsu-cok-1.6.0 beta/EENGES 3 TutorialvTC" d
hutwas defined in libFile Yhomesafiten3fac/mlanzero/cadence/ncsu-cdk-1.6.0 betadcds ik fif _

Warning: The directory: Yhomesafitendfac/mlanzero/cadence/ncsu-cok-1.6.0 beta/EENGES 3 TutorialwTC! d =
hutwas defined in libFile f'hnme:’aﬁenﬁffacfmIanzerm‘cadence:’ncsu cdk-1.6.0.betascds. lib' f[

r

L i
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b. Your inv_test schematic will look like the image below.

@ Virtuoso ® Analog Design Environment L Editing: EENG653 inv_test schematic = || Oj|
Launch Eile Edit Wiew Create Check Options Migrate Window MNCEU Help cadence
L ) - = — ; A v 0y O 5 E3 ’
U= 0 @WxX QO T ¢ -7 7 |QUQ @8 [* 1L 1 2= ® 8

- - Warkspace: | ADE L n = & A3 :ﬁ 1.[:.3 ay Ty | NS 6\- n -
£ @00 L6 B (5 IB-G-F-

| Mavigator I

" Default B.
Q [~ I
Mame -
= inv_test
(@) CO (cap)
10 (inverter)
WO (vpulse)
) W1 (wdc)
-1, gnd!
- Inputrlet

i outputret

b T weddl

Property Editor 7|8 %

M schHiMousePopUpp R: schHirousePopUpg

mause L: showClickinfag)
| Cme: Sl 0 Status: Ready | T=27 € | Simulator: spactre | State: stated |

14(32) | >
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¢. Your inverter schematic will look like the image below.

@ Virtuoso ® Schematic Editor L Editing: EENG653 Inverter schematic - || O] X
Launch Eile Edit Wiew Create Check Options Migrate Window MCEU Help cadence
. ) = — o - A - 0y O @ ,
= | F 0 @ X O T -1 v |Q Q Q8 |7 1 S
- - workspace: Basic n = G 3 :ﬁ 1y iy T; | Ey || o n -
| Navigator 7 7 X | -

" Default B.

Marme =~
= inverter

(@) MO (nmosd)

- () PO (pmosd)

-, GRD

]_ WO

'|_ Wwin

- Wout

- GHOP_ 3
- WODP_ 2
- Win:P__0
- VoutP_ 4

Property Editor 78%]

1= instancen Attributes n

Mame b
Direction inpututput
Signal Type  signal

Met Mame Yout

Il
T |

k1 schHiMousePopUpp)

mouse L: showClickinfog
13(31) | Save

R: schHirousePopUpQ

| cmet sel: 1

205 |



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

d. Click on the inv_test schematic. Select “File = Check & Save” and
check & save the schematic. If the schematic completes “Check &
Save” successfully, the CIW will report that the “Schematic check
completed with no errors,” as shown in the image below. Make sure
that your schematic completes “Check & Save successfully.”
Otherwise, you will need to fix your schematic and redo this step.

€] Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CDS.12May12.log =]

File Tools Options Help cadence

Deleted library 'EENGES3TutorialWIc'.

INFO (SCH-1170) : Extracting "inv_test schematic"

INFO (5CH-1426) @ Schematic check completed with no errors.

Getting schematic propert hagGetting schematic propert bagINFO (SCH-1181): "EENGE53 inv test schematic” saved.
generate netlist. ..

Begin Incremental Netlisting May 12 14:22:35 2012

End netlisting May 12 14:22:35 2012

Hetlisting Statistics:
Mumber of components: 4

Elapsed time: 0.0s

Errors: 0 Warnings: 0

.. .successful
compose simulator input file. .

..osuccessful.
Delete psf data in /homefafitend/fac/mlanzero/cadence /mosu-cdk-1.6. 0 hetasinv_test/spectre/schematicpsf.
generate netlist. ..
Begin Incremental Netlisting May 12 14.22.44 2012
End netlisting May 12 14:22:44 2012

The netlist is wp to date.
Time taken to compare the design with netlist: 0.0s

...osuccessful.
compose simulator input file. .
... successful. e
start simulator if needed. .. =
e _=necess a1l s
| LIS -
limouse L: hd: R:
i= [l
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e. Click on the “EENG653 inv_test schematic” and select “Launch =
ADE L” to launch the Virtuoso Analog Design Environment. The
Virtuoso Analog Design Environment window will appear as shown
below. In the next steps, you will populate the ‘Analyses’ portion of
this window.

Virtuoso ® Analog Design Environment (4) - EENG653 Inv_test schematic E]@E]
Session  Setup  Analyses Wariables Outputs  Simulation Results Tools Help cadence
[l 27 |
Analyses 7F X =
Cesign Yariahles Y — —| BmC
Type | Enable| Arguments =
Mame | Yalue | ] dc i t0 5 200m Linear Step Size Star-Stop /A0 m
=
®
Outputs «lls )5| O
ame/Signal/Expr | ¥alue | Plot| Save| Save Options | L
> Results in ..rofcadencedncsu-cok-1.6.0.| Plot afer simulation: | Auto n Flotting mode: Feplace n
lnmouse L: k: R:
19(43) | Save State .. Status: Ready | T=27 C | Simulator: spectre | State: statet J
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f. Inthe Virtuoso Analog Design Environment window, select “Setup

—> Simulator/Directory/Host.” In the “Choosing

Simulator/Directory/Host” window, select ‘spectre’ as the Simulator

as shown in the image below.

] Choosing Simulator/Directory/Host -- Virtuoso ® Analog Desl@

Simulator spectre n

Froject Directory ‘afitend/fac/mlanzero/cadence /ncsu-cdk-1. 6. 0. beta
Host kode & [ocal o remote o distributed
Host

Remote Directory

m Cancel Defaults Apaly Help
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g. Now you will set up the Model Libraries. In the Virtuoso Analog
Design Environment window, select “Setup - Model Libraries.” In
the “Model Library Setup” window, point the Global Model Files to
the models for the nmos4 and pmos4 in your schematic. The two
paths that you need to add to your Global Model Files are shown in
the image below and are:

i. /apps/vlsi/ncsu-cds-
1.6.0.beta/models/spectre/nom/ami06N.m

ii. /apps/vlsi/ncsu-cds-
1.6.0.beta/models/spectre/nom/ami06P.m

-

spectre3: Model Library Setup E]N

|Madel File |Sectian |

B Global Model Files

# fappsivisiincsu-cdk-1 6.0 beta'modelsfspectrednomsamilBnN. m 9
# fappsivlsiincsu-cdk-1.68.0 beta‘models/spectre/nomSamilER . m —
M |-=Click here to add model file= ]
—_
“
*
—

Cancel | Apply Help
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h. Now click on the Virtuoso Analog Design Environment window and
select “Analyses = Choose.” In the “Choosing Analyses” window,

select ‘dc’ because you will be doing a dc analysis. Select

“Component Parameter,” and enter the Component Name /VO for
the vpulse in the inv_test schematic. Then click ‘Select Component.’

] Cchoosing Analyses -- Virtuoso® Analog Design E[E]

analysis - tran & ic — ac — hoise
 Af - sens o domatch o sth
s P2 — 3p - envlp - 55
— pac -~ psth o pnoise o pRf
— psp - Opss o gpac — gpnoise
o pEf ~ Opsp o hb — hhac
— hhnoise

DC Analysis

save DC Operating Point 4
Hysteresis Sweep

Sweep Yariable

Compaonent Mame /%0
_ Temperature

_ Design Variable ~ Select Component .
» Compaonent Parameter FParameter Mame de

_ Model Parameter

Sween Range

Bl stat 0 Stop 5
— Center-Span
Sweepn Type & Ston i
& Step Size
‘Linear n — Mumber of Steps "
&dd Specific Points
Enahled w . Options... o

m _Cancel | Defaults | Apply | Help
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i. After clicking ‘Select component,’ the ‘Select Component Parameter’
window will appear as shown in the image below. Select the line ‘dc
vdc “DC voltage” ‘ with your cursor as shown in the image below,
and then select ‘OK.”

If the ‘Select Component Parameter’ window does not appear, then
go to your schematic and click on the vpulse instance which will
bring up the ‘Select Component Parameter’ window as shown in the
image below.

- Select Component Parameter E]N
type srcType "Source type"
"OC woltage"
mag AT "AC magnitude”
phase acp "AC phase"
wvalld vl "Woltage 1"
wvall wi "Woltage 2°
period per "Period”
delay td "Delay time"
rise tr "Rise time"
fall tf "Fall time"
width v "Pulse width"
tcl tel "Temperature coefficient
tok tel "Temperature coefficient
trnom trom "Nominal temperature”

-

il W
m Cancel ;| Help
i
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j. Now return to the “Choosing Analyses” window. In this window the
“Parameter Name” will now be set to ‘dc.” Set ‘Start’ to ‘0’ and ‘Stop’
to ‘5" as shown in the image below. Also select ‘Sweep Type’ to
‘Linear’ using the pull-down and set ‘Step Size’ to ‘0.2’ as shown.

Click ‘Enabled’ and select ‘OK.’

] Cchoosing Analyses -- Virtuoso® Analog Design E[E]

analysis - tran & ic — ac — hoise
 Af - sens o domatch o sth
s P2 — 3p - envlp - 55
— pac -~ psth o pnoise o pRf
— psp - Opss o gpac — gpnoise
o pEf ~ Opsp o hb — hhac
— hhnoise

DC Analysis

save DC Operating Point 4
Hysteresis Sweep

Sweep Yariable

Compaonent Mame /%0
_ Temperature

_ Design Variable ~ Select Component .
» Compaonent Parameter FParameter Mame de

_ Model Parameter

Sween Range

Bl stat 0 Stop 5
— Center-Span
Sweepn Type & Ston i
& Step Size
‘Linear n — Mumber of Steps "
&dd Specific Points
Enahled w . Options... o

m _Cancel | Defaults | Apply | Help
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K. Now click on the “Analog Design Environment” window. Select
“Outputs - Save All.” The “Save Options” window will appear as
shown below. For ‘Select signals to output (save),” select ‘allpub.’
For ‘Select power signals to output (pwr),” select ‘all.” Select the
other options as shown, and then click ‘OK.’

O

Save Options

%]

Select signals to output (save)

Select power signals to output (e

Set level of subcircuit to output (nestivl)

— hone

_ hone __ selected _ Ivlpub _ Ivl & allpub _ all

_ total __ dewvices __ subckiz » all

Select device currents (currents)

Set subcircuit probe level (subcktprobelyl)

Select AC terminal currents (Useprobes)

_ selected

_ nonlinear __ all

_ yes no

Select AHDL variables (saveahdlvars)

_ selected __ all

Save model parameters info
Save elements info

Save output parameters info
Save primitives parameters info
Save subckt parameters info
Save assers info

Save extreme info

I

I

<

<

<

Cutput Format

se Fast Viewing Extensions

s6t2 L psT _ pstwith Noats o pstsd

Drefaults

m Cancel

Spply Help
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l. Now you can get ready for the simulation. Click on the Virtuoso
Analog Design Environment window and select “Simulation -2
Netlist = Create Raw.” The netlist will appear as shown in the
image below.

[€] /nome/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/inv_test/s E]@E]

Eile Help cadence

#F Generated on: May 12 14:22:35 2012
/A Design library name: EENGES3 ™
// Design cell name: inv_ test

Af Design view name: schematic

simulator lang=spectre

global 0 wdd!

include " Jappssvlsi/nesu-cdk-1. 6. 0. beta/models//spectre/non/amilEd. m"
include " Sapps/vlsidncsu-cdk-10 6.0 heta/models Ssspectre /non/=ami0cR. m"

/f Library name: EENGAS3
44 Cell name: inverter
AF View name: schematic
subckt inwerter GND VDD Vin Wout
HO (Wout Win GHD GHD) ami06M w=1. 50 1=600n as=E 25e-12 ad=2 25e-1%2
ps=Eu pd=tu m=1 region=sat
PO {(¥out Win VDD WDD) amiOgP w=1.5u 1=600n as=Z2 E5e-1E ad=E 25e-1E %
ps=bu pd=6u m=1 region=sat
ends inverter
A End of subcircuit definition.

/f Library name: EENGAS3

AF Cell name: inv_test

A Wiew name: schematic

I0 (0 wdd! InputMNet OutputMet) inwverter

V0 (InputMet 0) wsource type=pulse wall=0 wall=5 period=Z2u rise=100n *

fall=100n width=1u

V1 f(wdd! 0) wsource type=dc do=3

GO (OutputMet 0) capacitor c=1p m=1

simulatorOptions options reltol=1e-3 wabstol=le-6 izbstol=1e-12 temp=27 %
tnom=27 scalem=1.0 scale=1.0 gmin=1le-12 rforce=1 mazmotes=5 maxwarns=5 *
digits=5 cols=80 piwrel=1e-3 sensfile=".. /fpsf/sens. oukput”
checklimitdest=psf

delp do write="gpectre. do" mexiters=150 maxsteps=10000 annotate=status

delpInfo info what=oppoint where=rawfile

deo do dew=¥0 param=dc start=0 stop=5 step=0.2 oppoint=rawfile maxiters=150 *
maxsteps=10000 annotate=status

modelParameter info what=models where=rawfile

element info what=inst where=rawfile

outputParameter info what=output where=rawfile

desigrParam¥als info what=parameters where=rawfile

primitives info what=primitives where=rawfile

subckts info what=subckts where=rawfile

savelptions options save=allpub pwr=all
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m. Now click on the Virtuoso Analog Design Environment window and
select “Simulation - Run.” The simulation will run and appear as

shown in the following two images.

|[-] fhome/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/inv_test/spectre/schematic/psf/spectre.out

File Help cadence

Cadence (R) Virbuoso (R) Spectre (R) Dircuit Simulabor
Version 10.1.1.218 1srl4 64bit -- 5 Sep 2011

Protected by U.S. Patents
S.E10,847; 5,790,436; 5,812,431; 5,859,785; 5,949,992; 5, 987, 235;
6,088,523; 6,101, 323; €, 151,608; €, 181, 754; €, 260,176; 6,278, 96d
6,340, 272; €,374,330; £,403,840; £,504,885; 6,618, 837; €, 636, 830;
6,778, 025; €,832 358; £, 861,007; € 028, 626; 7,024, 652; 7,035 782;
7,085, 700; 7,143,021; 7,493,240; 7,571,401

Includes RSk BSAFE(R) Cryptographic or Sscurity Protocol Software from RSA Security, Inc

User: mlsnzero Host: vlsifacDl HostID: SCAISELS  PID: 24948
Memory swailable: 19.9984 OB physical: 25 2792 0B
CPU Type: Intel(R) Xeon(R) CPU HSEED B 2.670Hz
Processor PhysicallD CoreID Freguency
0 26801

0

1 0 2660.1
2 1] 2 2660.1
3 i} a 26601
4 i} a 26601
1 i} 1n 26601

Simulating input sce' on vlsifscOl at 2:22:44 P, Sat May 12, 2012 (process id: 24948)
Envirorment variabls
SPECTRE DEFAULTS=-E
Connand Line:
fappsivlei/Gadence MMSTILDL faols, LemB6 fopectre/bin/Gdbit/spectee 4
input. scs +escchars +log .. /psEfspectre. out +inter=mpsc
mpssessionsspectred 23422 10 format psfxl —raw .. /psf
+lgtimeout 900 -mexw 5 -merm 5
spectre pi 4045

Loading /apps/vlei/CadenceMSTIL01 /tools. Lxd fond /1ib/84bi£/S. 0/1ibinfinson_sh so
Loading fapps/vlsi/Cadence, MSTIL01 /tools. Lt /omi /1ib/54bit/5. 0/1ibphilips_sh. so
Loading /apps/vlsi/Cadence,MSTNL01/tools. 1A /ond /1ib/84bi /5. 0/ Libsparan_sh. so

Loading /apps/vlsi/Cadence,MMSTI101/tools. LB /ond /1ib/64bit/5. D/ 1ibstmodeTs_sh. 5o

Time for NDB Parsing: CPU - 65.082 ns, elspsed - 100,553 ns
Time accunulated: CPU - 65.980 ms, elspsed - 109,553 ns
Peak resident memory used = 34.1 Mbytes

Time for Elshoration: CPU = 15.997 no. elapsed = 18.15% ns.
Time aceumulated: CPU = 81938 ms, elapsed = 127 857 ns
Peak resident memory used - 38.% Mbytes

Time for EDB Visiting: CPU = 0 5, elspsed = 406.027 us
Time accumulated: CPU = 82 986 ms, elapsed = 128 394 ns
Peak resident memory used - 38.4 Mhytes

Dircuit inventory:
nodes
bsinvd
capacitor
vsource

R0

Time for parsing: CPU = I ms, elapsed = 3.17502 ns
Time accumulated: CPU - 84986 ms, elspsed - 131 675 ms
Peak resident memory used - 30,1 Mhytes

Entering remote connand mode vsing MPSC service [spectre, ipi, vl 0, spectred 23422 19, ).

Warning from spectre.
VRRNING (SPECTRE-16707): Only tran supports psfxl format, result of other analyses will he in psfbin Eormat.

FESS—-

DG Analysis " deOp'

s St o

Inportant parameter values
reltol = 1e-03

shstal(¥) - 1 w¥
sbstal(l) - 1 pa
teup - 27 C

tnam = 27 C
tempeffects = all
gninde = 1 ps

Cenvergence achieved in 12 iterations.
Total time reguired for dc analysis deOp': CPU = 2 ms, elapsed = 4.12207 ns
Time accumulated: CPU = 80.085 ms, elapsed = 353 513 ms

Pesk resident memory used = 30.8 Mbytes

deopInfo: writing eperating point information to rawfile

00 Analysis o' ¥0-de = DV -> 5 W)

Inportant parsmeter values
reltol = le-03

Copyright (0) 1989-2010 Cadence Design Systems, Inc. ALL rights eserved worldwide. Cadence, Virtusso and Spectze are

hstol(¥) = 1 w¥
hstol{l} = 1 pa
temp = 27 C
tnom = 27 ¢
tenpaffects = all
gninds = 1 ps
dc: de = 200 Wy 4 %), step 4%
dc: de = 400 Wy (5 %), step 4%
dc: de = 600 w¥ (12 ), step 48
dc: de = 800 w¥ {16 ). step 4 %)
G de-1% {20 %), step %)
dcide =12V (24 %), step 48
de:ode = 1.4 ¥ (28 %), step 4 %)
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n. This is the second half of the results of the simulation (see the image

below).

© 3 dKk-1.6.0 z p psf/spectre.out |0/ X]

File Help cadence

Loading /apps/v1si/Cadence MISIHIOL/tools. LroBb/oni/Lib/64bit 5 0/ 1ibsparan_sh 50
Loading /apps/vlsi/Cadence MMSINI0L/tools. LroxB6/emi/Lib64bit,/5. 0/1ibstnodsls_sh. 30

Tine for NDD Parsing: CPU - 55.082 ms, elapsed - 100,553 ms
Tine accumalated: CPU - 65,980 me, elapsed - 108,553 me.
Peak resident menory used - 34,1 Mbytes

Tine for Elaboration: GPU = 15,007 ms, elapsed = 16,158 ms.
Tine accunulated: CRU - 81,986 ne, clapsed = 127,857 me.
Peak resident memery used - 38,2 Mbytes

Time for EDE Visiting: CPU = 0 s, elapsed = 406027 us
Tine accunulated: CPU = 82986 ms, elapsed = 128334 ms
Peak resident memory used = 38.4 lbytes

Circuit inventory:

capacitor
wsource

o 02w

Tine for parsing: CPU = £ ms, elapsed = 317502 me
Tine accumulated: CPU = 84,986 ne, elapsed = 131676 me.
Pesk resident memery used - 30.1 Mbytes

Entering remote command node vsing MPSC service (spectre, ipi, 0.0, spectre3_23422 18, ).

Warning from spectre
VARNING (SPECTRE-16T07): Only tran supports psfxl format, result of other analyses will he in psfhin format.

PRI
DG Analysis dedp’
proveves Fredtivect
Inportant parameter values:
reltol = 1e-03
abstol(v) = 1 u¥
abstol(l) = 1 pa
temp = 27 C
tnon = 27 €
tempeffoots = all
guinde = 1 ps
Convergence achisved in 12 iterations
Total time required for dc analysis ~doDp’: CPU = 2 ms, slapsed = 4.12297 ns
Time accumulated: CPU = 89905 ns, elapsed = 353,513 ms.
Pezk resident memory used - 30,8 Mbytes

deOpInfo: writing eperating point information to rawfile

DG Analysis “de': ¥iide = (0 V -> 5 W)

Inportant parameter valves:
03

reltol = Le-|

ahstol(V) = 1 u¥

abstol(I) = 1 pa

temp = 27 ©

tnom = 27 ©

tempeffects = all

quinde = 1 ps

do: de = 200 ¥ (4 %), step = 200 n¥ 4
do: de = 400 a¥ (8 %), step = 200 n¥ 4 %
do: de = 600 u¥ (12 %), step = 200 mV 4 %
do: de = 800 u¥ (16 %), step = 200 mV 4 %
do:de = 17 (20 %), step = 200 mV 4 %
do:de = 1.2V (24 %), step = 200 mV 4 5
de: de = 1.4V (28 %), step = 200 mv 4 %)
de: de = LBV (32 %), step = 200 mv 4 %)
de: de = 1.8V (36 %), step = 200 mv 4 %)
de:ode = 2¥ (40 =), step = 200 mv 4 %
de:ode = 2.2V (44 =), step = 200 mv 4 %
de:ode = 2.4V (48 =), step = 200 mv 4 %
de: de = 26V (52 %), step = 200 mv 4 %
de:ode = 2.8V (56 %), step = 200 mv 4 %
do:ode = 3 W (60 %), step = 200 mv 4 %)
de:ode = 3.2V (64 %), step = 200 mv 4 %
de:ode = 3.4V (68 &), step = 200 mV 4%
de:ode = 3.6V (72 %), step = 200 mV 4 %
de: de = 3.8 ¥ (76 %), step = 200 n¥ 4
de: de = 4 ¥ (80 %), step = 200 n¥ 4 x)
de: de = 4.2V (84 %), step = 200 n¥ 4
do: de = 4.4V (88 %), step = 200 mV 4 %
do: de = 4.6V (92 %), step = 200 mV A
do: de = 4.8V (96 %), step = 200 mV 4
do: de = 5 ¥ (100 %), step = 200 m

) @ 7158
Total time required for dc analysis “dc': CBU = 3.999 ms, clapsed = 509882 ms
Tine accunulated: CPU = 96.984 ns, slapsed = 363.96 ms
Peak resident nemory used = 40.2 Mbytes

nodelParanster: writing model parameter walues to rawfils
elenent: writing instance paraneter values to cawfile
outputPacameter: writing output pacameter values to rawfile
desigrParanvals. writing netlist parameters to rawfile
prinitives; writing primitives to rawfile

Subckts: writing subcircuits to rawfile

.

£
55 | Helpaction
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0. Now click on the Virtuoso Analog Design Environment window. You
are going to generate a Voltage Transfer Curve for your schematic.
Click on “Results = Annotate > DC Node Voltages.” Then click on
“Results = Direct Plot 2 DC.” The “Virtuoso ® Visualization &
Analysis XL” window will appear as shown below. It will be empty

(blank).
Aty Virtuoso (R) Visualization & Analysis XL - |0 =
File Edit ¥iew Graph Sxis Trace Marker Measurements Tools Window  Browser Help cadence
LB Layout| &uto nSubwindows: Subwin n Waorkspace: |Classic n |:E|u @3
» =

1 EEMGEST inv_test schematic I:I

.25(59) | plot news graph subwindow: J|

217 |



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

In the Virtuoso Analog Design Environment window, select the nets
for which you wish to display the voltages in the voltage tranfer
curve. The two nets are the “InputNet” and the “OutputNet.” Select
these two nets by clicking on them, and the nets will become dashed
lines as shown in the inv_test schematic image shown below.

- -

@ Virtuoso ® Analog Design Environment L Editing: EENG653 Inv_test schematic =
Launch File Edit Wiew Create Check Options Migrate Window MNCSU Help (édence
" ) - — —r . - - § = 5 )
= 0@ X 0O T ¢ -7 v QA aQ&E "L L eE

Workspace: |ADE L n'zE\u [f=£‘|3” V% :ﬁ .% A r]IQ\: | E& 6\' n '__

L0 Ok IE B IB-2-7-

| Mavigator

?ﬁlx|

" Diefault

Q

Mame

k= inv_test

@ <O (cap)
10 (invarter)
; W0 (vpulse)
o i I s
-1 gh!

1 Inputhet

M outputiuet

L !

n'
"~

Property Editor

78X

14(32) | =

T S ——

mouse L: showClickinfol) t: schHikousePopUp()

R: schHibousePopUp()
| Cmet: Sel: 0 Status: Ready | T=27 C | Simulator: spectre | State: statel
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q. After clicking on the “InputNet” and “OutputNet,” click the “ESC” key.
The Voltage Transfer Curve will appear (that is, the output voltage
as a function of the input voltage) in the Virtuoso Visualization &
Analysis XL window as shown in the image below. In the image
below, the VTC is indicated in red. The increasing input voltage is
shown in pink. Note that these colors correspond to the colors of
the dashed nets in the inv_test schematic.

A Virtuoso (R) Visualization & Analysis XL =[O
y
File Edit ¥iew Graph Axis Trace Marker heasurements Tools Window  Browser Help cadence
FL] Ej ¥} Layout| &uto nSubwindows: o Responsen Workspace: | Classic n |:E'LJ @0
Yy =1 L = " Ty
QO H K » LN 3

V1 EEMGES3 inv_test schematic D

DC Response

dc (V)

23(52) | Delete  Del 1
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r. Notice that the voltage transfer curve is not smooth; that is, there
are points at the locations on the curve where the input voltage has
taken a step; recall that you set the step size for this simulation to
0.2 (refer to the “Choosing Analyses” window in a previous step.

s. Now you are going to generate a smooth Voltage Transfer Curve for
your inv_test schematic and inverter schematic. Return to the
“Choosing Analyses” window and set the “Step Size” to 0.01 (that is,
this is equivalent to 0.1 V) as shown in the image below. Click

‘Apply’ on the form.
] Choosing Analyses -- Virtuoso® Analog Design E[E]

Analysis — tran & dc T — hoise

o xf — seni o domatch o sth

— Pz ] — envip — 5%

— pac o psth o pnoise o psf

- psp o Opss o gpac _ gpnoise

o Ot — qpsp o hb « hhac

— hbnoise

DC analysis

Save DC Operating Point ~
Hysteresis Sweep _

Sweep Variahle

Component Mame /W0
_ Temperature
__ Design Yariable - Select Companent
~ Component Parameter Parameter Mame do

_ Model Parameter

Sweep Range

_ ST Stat o Stop 5
— Center-Span
Sweep Type % Steo Si
8 Step Size
Pl -] - Nur:ber of Steps o
Add Specific Points
Enabled - Options... "

_Cancel | Defaults | Apply | Help
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t. In the Virtuoso Analog Design Environment window, select
“Simulation = Netlist 2 Raw.” Then select “Simulation = Run.”
The simulation will look like the results shown in the image below.

[« —Io)x]]

/home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/inv_test/spectre/schematic/psf/spectre.out

File Halp cadence

Rkt e

OC Analysis ~deop’

Rkt e

Inportant parameter wvalues:
reltol = le-03

ahstal (V) =
abstol(I) =
temp = 27 C
tnom = 27 ©
tempeffects

1
1

uy
ph

all

gnindc = 1 ps
Convergence achiewed in 12 iterations.
Total time required for do analysis “deOp': CPU = 1 ms, elapsed = 5.99194 ms.
Time accumulated: CPU = 204 968 ms, elapsed = 2. 40676 ks (40m & 2s).
Peak resident memory used = 4003 Mhytes.

delpInfo: writing operating point information to rawfile.

b e e R R R ]
OC Analysis “do': Wiide = (0¥ -» 5 )
Fhbrdtditbrdbbr bttt bbbt bbb bbb bbb bbbt
Inportant parameter values:

reltol = 1le-03

abstol(¥) = 1 u¥

zhstoliIy = 1 pa

temp = 27 G

tnom = 27 ©

tempeffects = all e
guindc = 1 p&

do: do = 130 mv (2.6 %), step = 10 n¥ (200 mz)

dec: de = 140 m¥w (2.8 %), step = 10 n¥ (200 m%)

do: do = 150 mv (3 %), step = 10 m¥ (200 mz)

do: do = 160 m¥w (3.2 %), step = 10 n¥ (200 m%)

de: do = 170 mv (3.4 %), step = 10 n¥ (200 mz)

dc: doc = 180 mv (3.6 %), step = 10 n¥ (200 mz)

de: de = 190 mv (3.8 %), step = 10 n¥ (200 mE)

do: do = 200 mv (4 %), step = 10 m¥ (200 mz)

de: de = 210 v 4.2 %), step = 10 n¥ (200 m)

do: do = 220 mv 4.4 %), step = 10 n¥ (200 m)

dec: de = 230 m¥ (4.6 %), step = 10 n¥ (200 m%)

do: do = 240 mv 4.8 %), step = 10 n¥ (200 m)

dec: de = 250 m¥ (5 %), step = 10 m¥ (200 mi) -
dr- dAr = 2R mi (2 %), sten = 10 mi (200w e

r
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u. Then select “Results = Direct Plot > DC.”

v. A blank “Virtuoso Visualization & Analysis XL.” window will appear.
In the inv_test schematic window, select the “InputNet” and
“OutputNet” which will become dashed lines. Then click the “ESC”
key. Then the “Virtuoso Visualization & Analysis XL” window will
appear with a smooth VTC as shown in the image below.

Afy Virtuoso (R) Visualization & Analysis XL =0k

Eile Edit Miew Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
¥ m ¥ Layout| Auto nSubwmdows.DC Response n Workspace: | Classic ' =0 @0

P—— - ap

QO 0aq » I ONE 2

1l EENGES3 inv_test schematic £

DC Response
e

26(63) | Create Marker [l
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w. Now you will investigate how the response of the Voltage Transfer
Curve changes as you change the width of the devices. For example,
change the width of the pfet in your inverter schematic to 3microns:
w = 3um. Check and Save your inverter schematic and the inv_test
schematic.

X. Now click on the Virtuoso Analog Design Environment window and
select “Simulation = Netlist > Create Raw.” Then select
“Simulation = Run.” Select “Results = Direct Plot = DC,” then
select “InputNet,” “OutputNet,” click “ESC.” You will obtain an
updated VTC in the Virtuoso Visualization & Analysis XL window as
shown in the image below.

e Virtuoso (R) Visualization & Analysis XL - || O
File Edit Wiew Graph #Axis Trace Marker Measurements Tools Window  Browser Help cadence
) E'j *® Layout| Auto ESubwindows: D Response n Warkspace: | Classic n |=E'u L=;|0
e T e " = e
Q0O &8 q » N -

1 EENMGESS inv_test schematic  [E)

DC Response

Iame
]

.2?(?1) | plot nesw graph subwindow J|

223 |Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

y. Now change the width of the pfet in your inverter schematic to 3*1.5
microns: w = 4.5um. Check and Save your inverter schematic and
the inv_test schematic. Now click on the Virtuoso Analog Design
Environment window and select “Simulation = Netlist = Create
Raw.” Then select “Simulation = Run.” Select “Results = Direct
Plot 2 DC,” then select “InputNet,” “OutputNet,” click “ESC.” You will
obtain an updated VTC in the Virtuoso Visualization & Analysis XL
window as shown in the image below.

e o] Virtuoso (R) Visualization & Analysis XL =]
Eile Edit Miew Graph pxis Trace Marker Measurements Tools Window Browser Help cadence
) Ej ® Layout: Auta 'Subwmdows D Response ' Warkspace: |Classic ' E’ lf==-|o
o @) O S P
QOaQ » N &

1 EEMNGES3 inv_test schematic ()

D Response

2a(74) | Split Current Strip [
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Z. Now click on the VTC. It will become bold and dashed as shown in
the image below.

A Virtuoso (R) Visualization & Analysis XL =[O
y
File Edit ¥iew Graph Axis Trace Marker heasurements Tools Window  Browser Help cadence
D e I Ej b4 L ayout| &uto nSubwindows: DC Response n Workspace: | Classic n|=E'u @0
Yy =1 L = " Ty
©COK«Q ~» mow g e

V1 EEMGES3 inv_test schematic D

DC Response

dc (V)

mouse L: Il R:
2a(74) | plot news graph subwindow: J|

225|Page




Air Force Institute of Technology

Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

aa. Now right click with your mouse on the curve and select
“Table > New Window.” A Virtuoso Visualization & Analysis XL
Table will appear with the values of the voltage on the InputNet and
the values of the voltage on the OutputNet, where the voltage on the
InputNet ranges from OV to 5V as you specified in the simulation.

The table looks like the image below.

i Virtuoso (R) Visualization & Analysis XL Table (==l
Eile Miew Tools Help cadence
= R=N=!

@ outputret £

e (v Outputiet (v

— 0 =0 el 0] &
2 10.00E-3 3.000

3 20.00E-3 3.000

4 30.00E-3 3.000

5 40.00E-3 3.000

B 50.00E-3 3.000

7 G0.00E-3 3.000

§_ 70.00E-3 3.000

5 G0.00E-3 3.000

10, 50.00E-3 3.000

11 100.0E-3 3.000

12 110.0E-3 3.000

13 120.0E-3 3.000

14 130.0E-3 3.000

15 140.0E-3 3.000

16 150.0E-3 3.000

17 160.0E-3 3.000

16 170.0E-3 3.000

19 160.0E-3 3.000

20 190.0E-3 3.000

21, 200.0E-3 3.000

22 210.0E-3 3.000

23 220.0E-3 3.000

24 230.0E-3 3.000

25 240.0E-3 3.000

26 250.0E-3 3.000

27 26i.0E-3 3.000

26 270.0E-3 3.000

29 260.0E-3 3.000

30, 280.0E-3 3.000

31 a00.0E-3 3.000

3z a10.0E-3 3.000

33 320.0E-3 3.000

34 330.0E-3 3.000

35 340.0E-3 3.000 i
36 350.0E-3 3.000 —

78
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bb.

name “VTC-table.csv.”

You can export this Table to a CSV file by clicking at the top
banner of this window on “File - Save as CSV.” The image below
shows that this table is saved in the working directory with the

o Save As CSV (x|
Look in: Lfh|:|mefaﬂtenaffacfmIanzernfu:adencefncsu—u:dk—1.E.D.hetan B B L[
| Computer ame ~ | Size |Type |Date Modified
% mlanzero  |[g5 EEMGES3 Folder 9 &pr2..0:45:44

[Edl EEMGESATutarial Folder 1 may 2..2:45:02

[E8 inv_run1 Folder 13 Apr .. 73747

[E4 inv_test Falder 9 Apr 210726

[E8 inverter_run1_backup Folder 11 Apr..4:59:58

B Ivourves Folder 25 Apr..3:04:35

[Edl Iv/param Folder 1 kay 224815

3 Lvs Folder 9 &pr2..7:18:07

[Edl megan Folder 23 Mar .3:50:26

[Ed WTiCschematic Folder 12 May ..2:59:28

E WTC-table.csy 7 EB csv File 12 May .7:23:45
;FIIIII -_
File name: WTC-tahle.csy
Files of type: \Comma Delimited (*.csv) n Zancel

4

cc.You have now completed the voltage transfer curve (VTC) tutorial.
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24. Inverter Chain: Creating an Inverter Chain

a. In this section, you will create a chain of 11 inverters. A chain of
inverters is referred to as an inverter chain. The library ‘(EENG653’
should still be in your library search path, as shown in the library
manager below. Copy the ‘inv_test’ cell to a new cell called
‘invchain_test’ cell. Copy the ‘inverter’ cell to a new cell called ‘inv’.
Change the name of the inverter instantiated in the ‘invchain_test’
cell to ‘inv’ from ‘inverter.’

] Library Manager: Directory ...rof/cadence/ncsu-cdk-1.6.0.beta E]@E]
Eile Edit Miew Design Manager Help cadence
_ Show Categories _ Show Files
Library Cell View
EEMGES] iny symbol
EENGA53 [ | | [wviewr ] Lock
EEMGESITutarial iny_test extracte
MCSU_Analog_FParts inychain_test furictional
MCSU_Digital_Parts inyerter layout
MCSU_TechLib_amilB 44 schematic | mianzero@vylsifacOl
MCSU_TechLib_amilb %4 symbol  |mlanzero@vlsifacd

MCSU_TechLib_hpo&
MCSU_TechLib_tsmc02
MCSU_TechLib_tsmc02d
MCSU_TechLib_tsmc03
MCSU_TechLib_tsmc03d
MCSU_TechLib_tsmcOd_4mizP
avTech

hasic

cdsDefTechLib

megan

o

Messages

Loading MO Library Manager customizations...done.

Warning: The directory: Yhomesafitendfac/mlanzero/cadence/ncsu-cok-1.6.0 beta/EENGES 3 TutorialvTC" d
hutwas defined in libFile Yhomesafiten3fac/mlanzero/cadence/ncsu-cdk-1.6.0 betadcds. ik i

Warning: The directory: Yhomesafitendifac/mlanzero/cadence/ncsu-codk-1.6.0 beta/EENGES 3 TutorialTC' d
hutwas defined in libFile Yhomesafiten3fac/mlanzero/cadence/ncsu-cdk-1.6.0 betascds. lib* fi

Beginning simple copy to library "EEMGES3". s

Frocessing files to be copied...

Warning: The directory: Yhomesafiten3fac/mlanzero/cadence/ncsu-cok-1.6.0 beta/EENGES 3 TutorialvTC" d
hut was defined in libFile Yhomesafendfac/mlanzerorcadence/ncsu-cdk-1.6.0 hetascds lik' fi —

-
L I
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b. Open the ‘inv’ symbol in the ‘EENG653’ library and edit it using the
editing functions on the bar above the symbol (add green lines, a
green circle, delete the green rectangle). You may edit the ‘inv’
symbol to create an inverter symbol that is similar to the one you
are studying in this course.

We need this symbol in order to create a hierarchical schematic at
the logic (gate) level of an inverter chain. We create a hierarchical
schematic using symbols of lower-level schematics (in this case, we
create a hierarchical schematic of an inverter chain using the symbol
of an inverter).

Launch Eile Edit ¥iew Create Check Options Window Help cadence

L A — o e Y - -~ — i

U= 0 @WxX QT ¢ T 1 I = 9 g

- - Workspace: Basic =|=E'LJ G | = 4 -» @ IJ—_['Q ® . & [

| Mavigator 7.8.%| =

7 Default B.

Q B-

REL =

| inv

..... 1 GHD

..... 1 DD

..... 1 win

----- 1. wout

----- W GhDP__3

----- = VDDP__2

----- = VinP__0

----- - VoutP__ 1

Property Editor 78X

- Il L
imouse L: mouseAddPid) t: schHikousePopUpg R
14(32)| Foint at ohject to delete Cmd: Delete  Sel: 0 J
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c. The schematic of the ‘inv’ is shown in the image below. Note that
this schematic shows a pfet with a width (4.5 um) that is three times

as large as the width of the nfet (1.5 um).

—
| & | Virtuoso ® Schematic Editor L Editing: EENG653 inv schematic = || Oj|
[
file Edit Miew Create Check Options Migrate Window MNCTSU Help cadence
L 3 — — e . - - 3 = | §
[ " | F 0 @ Q T 1 ¢ 7T v Q< @ E |7 L 1L E
- - Warkspace: |Basic n = & s :lﬁ Iy o T, | By | a n -
| Havigator 7 X | |
" Diefault [~ [ o
Q B-
Marne =~
= inv
MO (nmosd)
- () PO (pmosd)
|, GND
- wDD
-, win
- Wout
- = GRHNDP__3
- YODP__2
- VinP__0
- VoutP_ 4
Property Editor 78X
- (il = . + . - . . . . . . . B B + . .
imouse L showClickinfog) t: schHikousePopUpg R: schHitousePoplpg
10(25) | > | cmet sek:0 [
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d. We now create a hierarchical schematic that uses the ‘inv’ symbol
that you created. Go to the library manager and open the cell named
‘invchain_test’. Edit ‘invchain_test’ by moving the load capacitor to
the right and inserting 10 additional inverters, to create a chain of
11 total inverters. Connect the output of each inverter to the input
of the next inverter using wires (review the hotkeys for these
functions as reviewed in earlier sections). Connect the output of the
last inverter to the load capacitor. Name each net (the nets in this
example are called ‘InputNet,” ‘N1," ‘N2, ... ‘OutputNet.”) If you make
a mistake, you can always do ‘Edit 2 Undo’ and try again. Don’t be
afraid if you make mistakes, just Undo and start over. Connect each
inverter to vdd! and gnd! as shown in the image. Check & Save your
schematic and inspect the CIW to make sure that it is successful.

ﬂ Virtuoso® Analog Design Environment L Editing: EENG653 invchain_test schematic =/Oj|x

Launch File Edit View Create Check Options Migrate Window NCSU Help cadence

S F 0% QT ¢ B-7T 7 9L Al F|WL L™ eE
- - Workspace: ADE L 'I:E‘u@J oy i lh"ﬁ']h\lﬁ} ar B-
P REOQNIE B {5 B -G~k
Fig Groups n
Q B-
=

1 nM3
1w ¥
1 Cutputiet i

Property Editor 7E X

mouse L: showClickinfagy M: schHibousePopUpi) R: schHitMausePoplpg
a(6) ‘ Delete Crmd: Sel: 0 Status: Ready |T=27 C | Simulator: spectre \ State: state034PR2012 J
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e. Zoom in on the inverter chain and inspect the voltage sources V1
and V2 to make sure they and the first inverter appear as shown in
the image below.

Launch File Edit View Create Check Options Migrate Window MNCSU Help cadence

[ { 0 Mm% @ T ¢ RB~17 7 |QLLAE [T L Lo E
- - Wworkspace: |ADE L nl:E'\__I = My :ﬁ 'L[% Ty | E% Qr n -
F RS QO IE B (& B~~~
[ Mavigator 7.8 x| = -
I Fig Groups n ’
Q B-
Mame By
W fwdc)
gnal
Inputhlet
M1
ME
M3
]
NS
ME
W7
ME
Mg
nN10

Outputiet
widdd!

A & % & & & & % & & & & offfy

hd

| Property Editor 7.8 %

imouse L: showClickinfog Id: schHitdousePoplp() R: schHikdousePoplipl
3 | = | Cmd: Sel: 0 Status: Ready | T=27 C | Simulator. spactre | Stats stats09aPRz012 |
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f. Zoom out from the inverter chain, and the first six inverters are
shown as in the image below.
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g. The last seven inverters and the load capacitor are shown in the
image below.
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h. Zoom in on the eleventh inverter and the load capacitor in the
‘invchain_test’ schematic, and it will look as shown in the image
below.

Launch File Edit View Create Check Options Migrate Window MNCSU Help

Virtuoso ® Analog Design Environment L Editing: EENG653 invchain_test schematic =|B]*

cadence

_J» &t

- -

A TGRS

=

& O @ X O T > @27 o QA Q Q5L 1
workspave:[eDE L RYEY GG [0 B Uy Ay Ty | By [ o
B2 -

| Havigator

?ﬂx‘

Fig Groups

Q

Mame
W fwdc)
gndl
Inputhlet
M1
ME
M3
M4
NS
ME
W7
ME
Mg
nN10
Qutputhiet
vl

A & % & & & & % & & & & offfy

nv

|

OutputMet

hd

| Property Editor

?ﬂx‘

36 | save

imouse L: showClickinfog

Id: schHitdousePoplp() R: schHikdousePoplipl

| Cmd: Sel: 0 Status: Ready | T=27 C | Simulator. spactre | Stats stats09aPRz012 |
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i. Setup atransient simulation and a dc simulation using the Virtuoso
Analog Design Environment. Use the same series of steps that you
used in an earlier section, and refer to it if you forget some of the
steps. As a reminder, be sure to point to the device models for the
nfet and pfet; point to spectre as the simulator, choose trans and dc
analyses; save all the outputs; generate a netlist; run the simulation.
The transient simulation is set for 4 microseconds, as shown in the

image below.

Virtuoso® Analog Design Environment (2) - EENG653 invchain_test schematic [=E3]
Session Setup Analyses Wariables Outputs Simulation Results Tools Help cadence
Il 27 |
Analyses ZEx] =
Dresign Variahles Y — ‘l sac
_ Type | Enahle Arguments e
Mg Value 3
- m
b dc w t
-
®
Outputs 28X Q)
Mame/Signal/Expr | Walue | Plot| Sawve| Save Cptions | L
1/ \p

=

limause L:

Plat after simulation: | Auto n Flotting mode: Replace n

M. R

5

4(7) | Transient Signal

Status: Ready | T=27 C | Simulator: spectre | State: staten3aprz012 [
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j. Inspect the CIW to make sure that the simulation completes

successfully, as shown in the image below.

[ Virtuoso® 6.1.5-64b - Log: / /afiten3/fac/

o/ /ncsu-cdk-1.6.0.beta/CDS.19May2012.log

[=[=]]

File Tools Options Help

cadence

generate netlist. .
Eegin Incremental Netlisting May 19 09:53:38 2012
End netlisting May 19 09:53:38 2012

The netlist is up to date
Time taken to compare the design with netlist 0.0s
.successful
compose simulator input file
successful
start simulator if needed
successful
simulate. ..
INFO (ADE-3071): Simulation completed successfully
reading simulation data. .

FWARNING* (icLic-3) Could not get license Analog Design Envirorment L
FWARNING* (icLic-21) License Analog Design Enviromment L ("95200") is not awvailable to run ADE-L.
Trying to check out the license Analog Design Environment EL ("05210") instead.

*INFO* (icLic-25) License Analog Design Environment 3L ("05210") was wsed to run ADE L

csuccessful

nmouse L: showclickinfag)

M: schHiMouseR opUpg

R: schHiMousePopUpg

1] =

[l
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K. The netlist for this inverter chain is shown in the image below.

/home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/invchain_test/spectre/schematic/netlist/input.scs

File Help

cadence

/i Generated for: spectre

S Generated on: May 19 09:53:33 2012

/f Design library name: EENGEEZ

Ff Design cell name: inwchain test

£F Design wiew name: schematic

simulator lang=spectre

global 0 wdd!

include " fappssvlsisncsu-cdk-1.6. 0. heta/models Sspectre nom/ani0eN. n"
include " /appssvlsisnosu-cdk-1. 6.0 beta/models/spectre /non/=mil6R. m"

/¢ Library name: EENGEE3
/£ tell name: inv
/i View name: schematic
subckt inv GND VOD Win Wout
N0 (¥out Win GHD GND) =mil6N w=1. E5u 1=600n as=2. 25e-12 ad=Z2 25e-12 %
ps=bu pd=Eu m=1 region=sat
PO (Vout Win VOD VDO) =mil6P w=4. Eu 1=600n as=6.75e-12 ad=6. TEe-12 %
ps=12 0w pd=12. 0u m=1 region=sat
ends inw
A End of subcircuit definition.

S Library name: EENGE53

S Gell name: invchain test

/i Wiew name: schematic

W0 (InputMNet 0) wsource type=pulse wall=0 wall=5 period=2u rise=100n *

fall=100n width=1u

V1 {wdd! 0) wsource type=dc dc=G&

C0 (OutputMet 0) capacitor c=1lp m=1

I10 (0 wdd! MN10 OutputNet) inwv

I9 (0 wdd! N9 W10} inw

I8 (0 wdd! M8 N9 inw

IT (0 wdd! NT N8) inw

I6 (0 wdd! M6 W7) inw

IS (0 wdd! N5 NE) inw

I4 (0 wdd! N4 NW5) inw

I3 (0 wdd! N3 W4) inw

I2 (0 wdd! N2 N3) dinw

I1 {0 wdd! W1 N2} inw

I0 (0 wdd! InputMet N1} inv

simulatorOptions options reltol=1le-3 wahstol=le-6 iabstol=1e-12 temp=27 *
tnom=27 scalem=1.0 scale=1.0 guin=le-12 rforce=1 masmotes=5 macorarns=5
digits=5 cols=80 pivrel=le-3 sensfile=".. /psf/sens. output" %
checklimitdest=psf

tran tran stop=4u errpreset=moderate write="spectre ic" %
writefinal="spectre. fc" annotate=status maxiters=5

finalTime0PF info what=oppoint where=rawfile

delp do write="spectre. do® maxiters=150 maxsteps=10000 arnotate=status

deopInfo info what=oppoint where=rawfile

modelParameter info what=models where=rawfile

element info what=inst where=rawfile

outputParameter info what=output where=rawfile

designParamWals info what=parameters where=rawfile

primitives info what=primitives where=rawfile

subckts info what=suhckts where-rawfile

savelptions options sawve=allpuhb

19 | Helpaction
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l. The simulation output file (upper half) is shown in the image below.

[€] /nomeyafiten3/fac/mianzero/cadence/ncsu-cdk-1.6.0.beta/invchain_test/spectre/schemati Q@@

Elle Help cadence

Cadence () virtuoso (K) Spectre (R) Circuit Simulator
Version 10.1.1 218 isrld 64hit —- & Sep 2011 =
Copyright (C) 1080-2010 cadence Design Systems, Inc. ALL rights reserved worldwide. Cadence, Virtuese =

Protected by U 5. Patents
5,610,847; 5,790,436, 5,812,431; 5,850,785; 5,848,082, 5,957, 238;
€,088,523; 6,101,323, 6,151, 698; 6,181, 754; 6,260,176, 6, 273, 96d;
6,349, 272; 6,374,390, ©,483,848; 6,504,885, 6,618,037, 6.636,838;
6,778,025; 6,832,358, 6,851,097; 6,928,626, 7,024,652; 7,035, 782;
7,085, 700; 7,143,021; 7,493, 240; 7,571,401

Includes RSh BSAFE(R) Cryptographic or Sscurity Protocol Softvare from RSA Security, Inc

User: mlanzero  Host: vlsifacOl HostID: SG815610  PID: 26726
Memory availsble: 13,9860 B physical: 25.2792 OB
CPU Type: Intel(R) Xeon(R) CPU XSE50 @ 2. 678HZ
Processor PhysicalID CorelD Frequency
2660.1

1 26601
2 26601
a8 26601
9
1

2660.1
i} 2660.1

RN
cocoooo

Simulating " input.secs' on vlsifacOl at 9:53:38 AM, Sat May 19, 2012 (process id: 26TZ2E)
Environment. wariahle
SPECTRE_DEFAULTS=-E
Command line
fappafvlsi/Cadence AMSIMIDL ftools, lixB6 fspectre /bin/E4bit /apectre %
input. scs +escchars +log . /psf/spectre. oub +inter-mpsc
mpssession=spectrel 25786_10 -format psfxl -raw . /psf \
+lgtineout: 900 -maxew & -makn &
spectre pid = 26726

Loading /apps/vlei/Cadence MMSILOL /taols
Loading /apps/vlei/Cadence NS0/ taols
Loading /apps/vlsi/Cadence MMSTMI01 /tonls
Loading fapps/vlsi/Cadence MMSTMI01 tonls

- LroeB6/emi /lib/84bit /5. 0/Llibinfineon_sh. so .
- LrueB6/emi /lib/84bit /5. 0/Llibphilips sh.so ..
LrxB6/emi/Lib/6dbit/5. 0/ libsparan_sh. sa
1nxB6/cmiLih/6dbit/S. 0/ libstmodels_sh so

Time

for NDE Parsing: CPU = 7.

933 ms, elapsed = 111.110 ms

Time accunulated: CPU = 67 989 ms, slapsed = 111.119 ms
Peak resident memory used = 34.1 Mhytes

Time for Elshoration: CPU = 17 996 ms, elapsed = 18 332 ms
Tine accumuilated: GPU = 85 085 ms, clapsed = 120 583 na
Peak resident memory used = 37.8 Mbytes

661,135 us.
130,367 ns.

Time for EDE ¥Wisiting: OPU = 1 ms, elapsed
Time accumulated: CPU = 26,985 ms, elapsed
Peak resident memory used = 38.1 Mbytes

Circuit inventory:
nodes 13

heindvd 22

capacitor 1

wsource 2

Tine for parsing: GPU = 2 ms, elapsed = 3.21078 ns.
Time accumulated: CPU = 88985 ms, slapsed - 133.679 ms
Peak resident memory used = 388 Mbytes

Entering remote command mode using MPSC service (spectre, ipi. vl D, spectrel 25786_10, ).

Warning from spectrs
WARNING (SPECTRE-16707): Only tran supports psfxl format, result of other analyses will he in pefbi

Transient Analysis " tran': time = (0 s - 4 ug)

Tnportant paramster values
start = 0 =
outputstart = 0 s
stop = 4 us
step = 4 ns
maxstep = 80 ns
ic = all
useprevic = no
skipde - no
reltol = 1le-02
abstol(¥) = 1 u¥

abstol(I) = 1 pa
temp = 27
tnom = 27 ©

tempeffacts = all
errpreset = moderate
method = traponly
lteratio = 3.5

relref = sigglobal
cmin = 0 F
gnin = 1 ps

tran: time =
tran: time
tran: time
tran: tims
tran: time
tran: time
- tran: time

(2.5 %), step = 2 795 ns (69.9 ng)
(T.65 %), step = 8 )
(13.6 %), step
(176 %), step
(236 %), step
(27.5 %), step
(32.8 %), step

-

20 | HelpaAction |
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m. The simulation output file (lower half) is shown in the image below.

m /h fac/ o/ m:su-:dk-l.s.o.b=talinv:haln_testlspel:tr:!sch:matlE]@E]

Fllz Help cadence

Sepacitor 1
Vvaource 2

Tine for parsing: CPU =
Tine accumulated: DPU =
Peak resident memory use:

2 ns, elapsed = 3.21078 ns
88,985 no, elapsed = 133.679 ms.
d - 388 Mbytes

Entering remote command mods using MPSC service [spectre, ipi, v0.0, spectrel 25786 10, )

Warning from spectre
WARNING (SPECTRE-16707): Only tram supports psfxl format, result of ather analyses will be in psfhi

Transient Analysis tran': time = (0 s -> 4 us)

Inportant parameter values

start = 0 s
outputstart = 0 5
stop = 4 us

step = 4 ns
maxstep = 80 as
ic = a

useprevic = no
skipdc

reltol
shatol(¥) = 1 ¥
abstol(I) = 1 pa
teup = 27 €

tnom = 27 ©
tempefferts = all
ercrpreset = moderate
method = traponly
lteratic = 3.5
relref = sigglobal
omin = 0 F

quin = 1 ps

tran: time

100 ns (2.5 %), step = 2,795 ns  [69.9 n%)
fran: time 8 2 %)

tran: time = 6 2}, step z %)
tran: time = 705.8 s (176 %), step 2 =)
tran: time = 845.8 ns  (23.6 %), step (%)
fran: time = 1.1 ns (275 2} step ns (185 &)
tran: time = 1.353 us (338 %), step ns 187 &)
tran: time = 1.513 us (378 %), step =)
tran: tine = 1.753 us (43,8 8), step e
tran: time = 1.913 us  (47.8 %), step (2 %
fran: time = 2.1 ns (525 3}, step ns (102 n3)
tran: time = 2.334 us (583 %), step =
tran; time = 2.574 us (64,3 %), step (2 %)
tran: time = £.734 us  (68.3 %), step @ %
tran: time = 2.074 us (74 3 %), step (2 %)
tran: time = 3.1 us {77.5 &), step ns (158 %)
tran; time = 3.366 us (84,2 %), step (2 %)
tran: time = 3.526 us  (98.2 %), step %
fran: time = 3766 us (94 % %), step 2 %)
tran: time = 3.926 us  (38.% %), step %)
Number of accepted tran steps = 4

Notice From spectre during transient amalysis ~tran'
Trapezoidal ringing is detected during tran snalysis
Please use method=trap for better results and performance

Initial conditien solution time: OPU = 2 ms, elapsed = 1.11485 ms.
Intrinsic tran analysis time CPU = 53,992 ms, elapsed - 59 1460 ns

Total tims required for tran snalysis "tran': CBU = 57 892 ms, slapsed = 70.487 ms
Tine accumulated: CPU - 148.077 ns, elspsed - 350,265 ms.

Peak resident memory wsed = 40.1 Mbytes.

£inalTine0P: writing operating point information to rawfils

[T
IC Analysis *dedp’
it v
Important parametsr values
zeltol = 1e-03
abstal(¥) = 1 u¥
shatol(I) = 1 pa
teup = 27 €
tnom = 27 ©
tempefferts = all
guinds - 1 ps
convargence achieved in 2% iterations
Total time cequired Eor do snalysis deDp': CPU - 2,990 ms, elapsed - 426391 ms
Tine accumulated: CPU = 154.975 ms, clopsed = 370,755 ms.
Peak resident memory used = 402 Mbytes

de0pInfo: writing cperating point information to rawfile.
nodelParaneter: writing medel parameter values ko rawfile.
element: writing instance parameter values to rawfile
outputParameter: writing output paramster walues to rawfils
designParanvals: writing netlist parameters to rawfile
primitives: writing primitives to ravfile

Subckts: writing subcircuits ko rawfile.

i

-4
20 | Helpaction
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n. After the simulation completes successfully, annotate the results and
then perform a direct plot of the transient signals. The image below
displays the waveforms of the transient signals ‘InputNet,’
‘OutputNet,” and ‘N5’ near the time t=1.1 microseconds to t =
1.2 microseconds. Values for the following quantities can be
obtained for each inverter pair:

a. For the falling transition of the input waveform
i. Fall time
ii. Delay
b. For the rising transition of the input waveform
1. Rise time

ii. Delay
iy Virtuoso (R) Visualization & Analysis XL —|Of[x
File Edit ¥iew Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
Y B ¥ Layout st ' » |workspace: | Classic 'l?_, =8

00A&aa » SNLICE T E

7] EENGESS invchain_test schematic [

Transient Response
Mame

1.175

fime {us)

mouse L P R
1330) | Cut  ctrlx
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0. The complete waveforms for ‘InputNet,’ ‘OutputNet,” and ‘N5’ in the
time range t = 0 microseconds to t = 4 microseconds are shown in
the image below.

A Virtuoso (R) Visualization & Analysis XL —[|O]|*
File Edit “iew Graph Axis Trace Marker Measurements Tools Window Erowser Help cadence
) ¥ ¥ |Layout|suto n » |lwarkspace: | Classic n = &
Yy =1 L = " Ty
QO & Q@ » I NE L

k] EEMGES3 invchain_test schematic [

Transient Response

limouse L: I R: '
13(30) | Cut ciiex 1
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p- You can now save the state for this simulation. Save the state as the
name ‘state-invchain.” You will load this state in the next section,
when you create a ring oscillator. The procedure to save a state was
discussed in the previous sections. Refer to the previous sections if
you forget how to save the state of your simulation.

g.- You can now increase the value of the load capacitor. Values for the
following quantities can be obtained for each value of the load
capacitor for each inverter pair. Note that the values of the widths of
the successive inverters may need to be increased in order to drive
the load capacitor:

a. For the falling transition of the input waveform
i. Fall time
ii. Delay

b. For the rising transition of the input waveform
1. Rise time
ii. Delay

r. You have now completed this section on the inverter chain.
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25. Ring Oscillator

a. In this section, you will create and simulate a ring oscillator that is
composed of 11 inverters. In the ‘EENG653’ library, copy the
‘invchain_test’ cell to a new cell called ‘ringoscillator_test’ as shown
in the image below. Make sure that the ‘inv’ instantiated in the
‘ringoscillator_test’ library still points to the ‘inv’ cell in the

‘EENG653’ library.

] Library Manager: Directory ...ro/cadence/ncsu-cdk-1.6.0.beta E]@E]
File Edit ¥iew Design Manager Help CEdEI’ICE
_ Show Categories _ Show Files
Library Cell View
EEMGES3 ringoscillator_test schematic
EEMNGAESS iny View -~ Lock
EEMGEIITUtarial iny_test Ed schematic [mlanzero@vlsifacl
MCEU_Analog_Parts invchain_test
MCSU_Digital_Parts inyerer

MCSU_TechLib_amils ringoscillator_test
MCSU_TechLib_amilb
MCEU_TechLib_hpO&
MCSU_TechLib_tsmc02
MCSU_TechLib_tsmc0z2d
MCSU_TechLib_tsmc03
MCSU_TechLib_tsmc03d
MCSU_TechLib_tsmco0d_4miZP
a¥Tech

hasic

cdsDefTechLib

megan

-

Messages

hutwas defined in bFile Yhomesattendfac/mlanzero/cadence/ncsu-cdk-T. b0 betascds Tib' 1

Beginning simple copy to library "EEMNGES3"

Frocessing files to he copied...

Warning: The directory: Yhomedafitendfac/mlanzero/cadence/ncsu-cok-1.6.0 beta/EENGES 3 TutorialvTC" d
butwas defined in libFile Yhomesafendfac/mlanzero/cadence/mosu-cdk-1. 6.0 hetadcds. lib' fi

Beginning simple copy to library "EEMNGES3".

Processing files to he copied...

Warning: The directory: Yhomesafitendifac/mlanzero/cadence/ncsu-cok-1.6.0 beta/EENGES 3TutorialTC' d
hut was defined in libFile Yhomesafiten3fac/mlanzero/cadence/ncsu-cdk-1.6.0 betascds lib' fi —

) v

4
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b. Open the ‘ringoscillator_test’ cell schematic and wire the 11
inverters into a ring as shown in the image below. You will need to
delete the load capacitor. Note that the output node of the 11th
inverter is connected to the input node of the first inverter as shown
in the image.

Check & Save the schematic and make sure the check & save
completes successfully by inspecting the CIW. Make sure there are
no errors or warnings. If you have errors and/or warnings, go back
and fix your schematic. Then, rerun Check & Save your schematic to
make sure it completes successfully.

7] Virtuoso® Analog Design Environment L Editing: EENG653 ringoscillator_test schematic —J[=)[x

Launch File Edit View Create Check Options Migrate Window MCSU Help cadence

SN =N" d 0@ %O TE S ¢ -1 7 IS /AL L.
-~ Workspace: | ADE L BE &G oy ks Iy Ay Ty | By o B-
LEE0OLI0 B B b2

Defaull B

Q M-
Hame =

17 {inv)

18 {inv)

+ 19 (inv) =

110 tinv) &

o) W1 (wdc)

L anal

) Inputhlet

Property Editor 78X

mouse L: showClickinfa()
16(33) | Move

M: schHiMousePopUp() R: schHiMousePopUpg)

Cmd: Sel: 0 Status: Ready | T=27 C | Simulator spectre \ State: state-invchain J
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¢. When you are creating a hierarchical schematic that contains many
levels of hierarchy, you may find it helpful to make modifications on
different cells that are instantiated in the schematic without closing
and opening different schematics. You can edit or read different
cells through a process referred to as traversing the hierarchy of the
schematic. You can traverse the hierarchy upwards, and you can
also traverse the hierarchy downwards. The image below shows
how to descend the hierarchy to read a cell in a lower level of the
hierarchy (change the radio button to ‘edit’ if you want to edit the
cell in the lower level of the hierarchy.)

For example, to make modifications to or to read the ‘inv’ schematic
contained in the ‘ringoscillator_test’ schematic, click on “Edit 2>
Hierarchy - Descend Edit” or “Edit - Hierarchy - Descend Read.”
The ‘Descend’ window will appear as shown in the image below.
Click OK in the window. The inverter should now appear. You can
now edit it if you want; be sure to Check & Save after editing. This
will change all instances of ‘inv’ schematic in your hierarchical

schematics.
- Descend (x|
Wieny exfracted n
Dpen for — edit & read . auto
Qpen in — hewytab & current tab o news window
m _Cancel | Help
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Now you will perform a transient simulation to learn about the
operation of the ring oscillator. In the Virtuoso Schematic window,
launch the Analog Design Environment (ADE). Asin previous
sections, you will need to set up the simulation: select the simulator
(spectre), load the model files, choose a transient analysis (4
microseconds stop time; moderate accuracy default), choose a dc
analysis, print all output signals (allpub), generate the netlist, and
run the simulations. You may find it helpful to load the state of the
‘state-invchain’ that you saved in the previous section. Review the
previous sections if you do not recall how to set up these simulations
with spectre. Your Analog Design Environment window will appear
as shown in the image below.

For large schematics, you will want to save only a few signals to
speed up your simulations.

[ virtuoso® Analog Design Environment (3) - EENG653 ringoscillator_test schemat = |5 X |

Session Setup Analyses Wariables Outputs  Simulation  Results Tools  Help ciden ce
Il 27 |

Analyses =R =

Design Variables Y x| =

_ Type | Enahle| Arguments | C=h

Mame | Walue [ |y tran v 0 du moderate

7 dc ~ 1 E

ez

#

Outputs ) )5| O

MamesSignal/Expr | walug | Plat | Save| Save Options | L

=

Flot after simulation: Auto n Plotting mode: Replace n

nmouse L:

L}

M: R

16(34) | Save State ..

Status: Ready | T=27 C | Simulator: spectre | State: state-invchain J
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e. To help with convergence of the simulation of the ring oscillator, you
will now set up an initial condition which is to initialize the input
node to zero (0) at the left-mode inverter. Click on ‘Simulation -
Convergence Aids - Initial Condition.” A window entitled “Select
Initial Condition Set’ will appear.

-

O Select Initial Condition Set (x]]
Mode Vaoltage [

Yioltage |Nnde Set
1] fAnputrdet

m _Cancel | Apply | Delete | Help
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f. Then click on the left-most node in the schematic, as shown in the
image below. The ‘Select Initial Condition Set’ window will show that
the ‘InputNet’ voltage is set to ‘0.” Note that the net itself becomes
highlighted in the ‘ringoscillator_test’ schematic, and a large ‘0’ is
written on top of the net.

ﬂ Virtuoso® Analog Design Environment L Editing: EENG653 ringoscillator_test schematic li=hik.3
Launch File Edit View Create Check Options Migrate Window MNCSU Help cadence
= { F 0 @K Q T ¢ -7 T QU QP L L eE

- - Warkspace: ADE L 'Q G [y :‘ﬁ Iy Ay Ty | By (| o B-

(FHEQOMNIE B (5 IBE -G~ -
Defaull B
Q M-

Name =
17 {inv)
I8 {inv)
19 {inv) =
110 (i) el
@) W1 (wdc)
L gnal
s Inputihiet

Property Editor 78X

mause L: showClickinfo()
16(33) | Stretch

R: schHiMousePopUpg)

1: schHiMousePopUn()
Cind: Sel: 0 Status: Ready | T=27 C | Simulatar: spectre \ State: state-invchain J
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g. The left side of the ‘ringoscillator_test’ schematic is shown in the
image below after zooming in on the initial inverters.

7] Virtuoso® Analog Design Environment L Editing: EENG653 ringoscillator_test schematic —J[=)[x

Launch File Edit View Create Check Options Migrate Window MCSU Help cadence

o F O @ % O TE ¢ -7 T IR/ L L= e
- Workspace: | ADE L 'l:E\_‘@c "Q:ﬁ 1ty ﬁ%la} Q- n'
EWE0 OB 66 Bk

Defaull B
Q B-

Harme ||

L vdd! 9

Property Editor 78 X

mause L: showClickinfo()

Il schHilMousePopUp() R: schHiMousePopUp()
15(33)‘ Copy Croil: Sel: 0 Status: Ready | T=27 C | Simulator: spectre \ State: state-invchain J
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h. The right side of the ring oscillator inverter chain is also shown in
the image below after zooming in on the inverters. Notice the
output (11t%) inverter.

7] Virtuoso® Analog Design Environment L Editing: EENG653 ringoscillator_test schematic —J[=)[x

Launch File Edit View Create Check Options Migrate Window MCSU Help cadence

s F 0@ X Q T ¢ -7 T IR/ L L= e

- Workspace: | ADE L 'l:E\_‘@O "Q:'ﬁ 1ty -W']hll}} =% nv
E W0 0L IE B (E B G-

Tan:

Havigator 78 X
Default B

L vdd! 9

Property Editor 78 X

mause L: showClickinfo() Il schHilMousePopUp() R: schHiMousePopUp()
15(33) ‘ Stretch Croil: Sel: 0 Status: Ready | T=27 C | Simulator: spectre \ State: state-invchain J
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You can now generate the netlist and run the simulation. Launch the

Visualization & Analysis XL tool and generate plots of the waveforms
of the ‘InputNet’ and the following net (N1, in this case) as shown in
the image below. In case there are errors, you will need to go back
and correct the errors. You may need to do ‘Simulation = Netlist’
again if you change the schematic. Remember also that each time
you change the schematic, you need to do a ‘Check & Save.” You will
be able to view the simulation results when there are no errors.

o

Virtuoso (R) Visualization & Analysis XL

File Edit ¥iew Graph Axis Trace Marker heasurements Tools Window  Browser Help

— |0 x

cadence

W

QO & Q

1 EENGES3 ringoscillator_test schem... [

L

33

n x® Layout| & uto n

Z L NTE

» |lworkspace: Lﬂ = [,==_|0

Transient Response
Marme

mause L:
2045) | Paste

Clrl+t
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—

. The netlist of this ring oscillator is shown in the image below.

E‘ lerl:m:ad ence/ncsu-cdk-1.6.0.beta/ringoscillator_test/spe E]@E]

File Help

cadence

J Generated for: spectre

4 Generated on: May 19 13:07:05 2012

/¢ Design library name: EENGES3

S Design cell name: ringoscillator_test

#¢ Design wiew name: schematic

simulator lang=spectre

glohal O wdd!

include " /apps/vlsifnesu-cdk-1. 6.0 beta/models/spectre /nom/amileN. n"
include "/eapps/vlsifneosu-cdk-1. 6.0 beta/models /spectre fnom/amileP. n"

/¢ Library name: EENGEG3
A4 tell name: inwv
/¢ Wiew name: schematic
subckt inw GND WDD Vin Vout
HO {¥out Vin GND GND) =mil6N w=1. E5u 1=600n as=2 25e-12 ad=Z2 26e-12 %
ps=bu pd=tu m=1 region=sat
PO (¥out ¥Vin VDD ¥DD) ami06P w=4 Su 1=600n as=6.75e-12 ad=6. T5e-12 %
ps=12.0u pd=1Z2. 0u m=1 region=sat
ends inwv
/f End of subcircuit definition.

4/ Library name: EENGES3

#F Cell name: ringoscillator_test

/f View name: schematic

¥l (wdd! 0) wsource type=dc doc=5

I10 (0 wdd! W10 InputMNet) ine

I9 (0 wdd! N9 W10} inw

I8 {0 wdd! N2 N9} inw

IT (0 wdd! N7 N3) inw

I6 (0 wdd! N& NT) inw

IE (0 wdd! NG NE) inw

T4 {0 wdd! N4 WE) inw

I3 (0 wdd! N3 W4} inw

I2 (0 wdd! N2 N3} inw

I1 {0 wdd! N1 WZ) dinw

I0 (0 wdd! InputNet N1} inw

ic InputNet=0

simulatorOptions options reltol=le-3 wehstol=le-6 izhstol=le-12 temp=27 %
tnom=27 scalem=1.0 scale=1.0 gmin=le-12 rforce=1 masnotes=5 masorarns=5 %
digits=5 cols=80 pivrel=le-3 sensfile=". /psf/sens. output"
checklinitdest=psf

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

finalTimelP info what=oppoint where=rawfile

docOp do write="spectre.dc” maxiters=150 maxsteps=10000 annotate=status

deOpInfo info what=oppoint where=rawfile

modelParameter info what=models where=rawfile

element info what=inst where=rawfile

outputParameter info what=output wheres=rawfile

desigrParamVals info what=parameters where=rawfile

primitives info what=primitives where=rawfile

subckts info what=subckts where=rawfile

savelptions options save=allpub
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K. The upper part of the file displaying the simulation run is shown in

the image below.

@ Incsu-cdk-1.6.0.betalring tesusp perl= o x
Elle Help cadence

Cadence (R) Virtuoso (R) SPEcEle (R} CILCULL SimULlator
—

Version 10.1 1 218 isrld 6dbit -- & Sep 2011

Protected by U.S. Patents:
847; 5,790,436, 5,812, 431; 5,859,785, 5, 949,992; 5,987, 238;
6,088, 523; 6,101, 323; &, 151, 698; &, 181, 754; &, 260, 176; 6, 278, O6d;
6,349, 272; 6,374,390, 6,493, 849; 6,504,885, 6, 618, 837; 6,636,830;
6,778, 025; 6,832,358; 6,851,097; 6,928,626, T, 024,652; 7,035, 782;
7,085, 700; 7,143, 021; 7,493, 240; 7,571,401

Includes RSA BSAFE(R) Gryptographic or Security Protocol Software from RSA Security, Inc.

User: mlanzero  Host: vlsifacOl HostID: 50815619 PID: 27648
Memory availahle: 19,8455 GE physical: 25 2792 GE
CPU Type: Intel(R) Xeon(R) CRU HEESD @ 2.6TGHz
Processor PhysicallD CoreID Frequency
i 2660.1

o
1 1) 1 2660.1
2 ) Z 2660.1
3 1] 8 26601
4 o 9 26601
5 o 10 2660.1

Sinulating ' input ses' on vlsifacOl at 1:07:11 PM, Sat May 10, 2012 (process id: 27648)
Enviromment variable
SPECTRE_DEFAULTS=-E
Comnand Line:
sapps/vLei fCadence MMSTHL0L/tools, Lix@6 /spectre bin/fdbit/spectre |
irput.scs +escchars +log .. /psf/spectre. out +inter-mpsc
+npssession=spectre? 25706 11 -format psfxl -raw .. /psf \
+lqtineout 900 -maxw & -maxn 5
spectre pid = 27648

Loading fapps/wlsi/Cadence MMSIMIOL /tools. LaxB6 foni /1ib/B4bit/S. 0/libinfineon sh. so
Loading fapps/vlsi/Cadence AMSTMLOL/tools. LaxB6 foni 1ib/64bit 5. 0/1ibphilips_sh. so

Loading /apps/vlsi/Dadence MSIMIOL tools, Loxds foni Lib/64bit/5. 0/Libsparan_sh. 30 ..
Loading fapps/vlei/Cadence MMSIMIOL/tools. Loxd6 /oni /1ib/Gdbit/S. 0/libstnodels sh.so

Time for NDE Parsing: CPU = 65 989 ms, elapsed = 111.107 ms
Tine sccwmlated: CBU = 65.980 ms, clapsed = 111,107 ms
Peak resident memory used - 34,2 Hbhytes

Tine for Elshorstion: CPU = 17.987 ms, elapsed = 18.4011 ns.
Tine sccumulated: CBU = 83.986 ms, slapsed = 129 643 ms
Peak resident memory used = 38,2 Mbytes

642 061 us
130 413 ms

Tine for EDB Visiting: CPU = 1 ms, elapsed
Tine secumulated: GPU = 84,086 ms, elapsed
Peal resident memory used = 38,5 Mbytes.

Circuit inventory:
nodes 12

hsimdvd 22

wsource 1

Tine for parsing: CRU =
Tine accumilated: CRU =
Peak resident memory use

2 ms, elapsed = 2 75707 ms
8F 986 ms, elapsed = 133 279 ms

d = 30.2 Mbytes.

Entering remote command mode using MPSC service (spectre, ipi, 0.0, spestre? 25786 11, )

Warning from spectre

Transient Analysis 'tran': time = (0 s -> 4 us)

Watice from spectre during IC analysis, during transient snalysis 'tran’
There are 1 IC nodes defined

Notice from spectre during IC analysis, during transient amalysis *tran'
Initizl condition computed for node InputNet is in error by 1.12635 wy

Inportant parameter walues
start = 0 5
outputstart = 0 s
stop = 4 us
step = 4 ns
naxstep = 80 ns
ic = all
useprevic = no
skipde = no
reltol = 1e-03
abstol(v) = 1 wv
abstol(I} = 1 ph
tewp = 27 ©
tnom =
tempeffects = all
errpreset = moderate
methad = tranonls

5
B

I’
38 | HelpAction

Copyright () 1989-2010 Cadence Design Systems, Ine. ALl rights reserved worldwide. Cadence, Wirtuoso and Spectre

.

VARNING (SPECTRE-16707); Only tran swpports psfxl format, result of other analyses will he in psfbin format.

Decresss cforce’ to reduce ecror in computed initial conditions. However, setting cforce too small may x|
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1. The lower part of the file displaying the simulation run is shown in

the image below.

[€] /homeyafit: of dk-1.6.0.beta/ring x pectre/ pst[—|[0)[x]

File Help cadence

Transient Analysis “tran': time = (0 5 -> 4 us)

Wotice frem spectre during IC analysis, during transient analysis 'tran'.
There are 1 IC nodss defined
Notice from spectrs during I analysis, during transient snalysis *tran'
Initial condition computed for node Inputiet is in error by 1. 12635 n¥
Decrease 'rforce’ to reduce ercor in cemputed initial conditions. However, setting rforce too small may 1

Inportant parameter values
start = 0 s
outputstart = 0 s
stop = 4 us
step = 4 ns
naxstep = 80 ns

useprevic
skipde =
reltol =
abstol(¥)
ahstal(I)
temp = 27
tnon = 27 ©
tempeffects = all
errpreset = moderate
nethod = traponly
lteratio = 3.5

gglobal
- 100 ns (25 (687 ug)
= 300 ns (1.5 (748 3
= 00 03 (12,5 (606 u3)
- 700 nz (17.5 (619 uz)
- 900 ns (22.5 {476 uz)
=11 us (37.5 (541 uz)
=1.3us (32,5 (472 u3)
=105 s (37.5 (473 u3)
=107 us (42,5 (651 ug)
1.0 s (47.5 (739 uz)
=21 us (52,5 (687 u3)
- 2.3 s (57.5 (748 u3) -
tran: time = 2.5 us (52,5 (748 ug)
tran: time = 2.7 us (57.5 {606 ug)
tran: time = 2.0 us (72.5 (610 u3)
tran: time = 3.1 us {(17.5 (476 u3)
tran: time - 3.3 us (82,5 (541 uz)
tran: time = 3.5 us (87.5 {472 ug)
tran: time = 3.7 us (92.5 (651 uz)
tran: time = 3.0 us (07,5 %), step = 26.03 ps {651 u3)
Wumber of accepted tron steps - 166384

Wotice from spectre during transisnt analysis *tran’
Trapezoidal ringing is detected during tran mnalysis.
Please use method=trap for hetter results and performance

Tnitial condition solution time: CPU = 1 ms, elapsed = 1.23978 ms
Intrinsic tren analysis time:  CPU = 17.4713 s, elepsed = 17.4054 s,

Total time required for tran analysis “tren': GPU = 17,4743 5, elapsed = 17.5022 s
Time sccumulated: CPU - 17,6463 5, elapsed - 18,0501 s

Pezk resident memory used - 868 Mbytes

finalTineOP: writing operating point informatien to rawfile

P
DC Analysis *deop’
Pttt S
Inportant parameter values:
celtol = 1e-03
shstol(¥) = 1 ¥
abstol(D) = 1 pa
temp = 27 ©
tnom = 27 ©
tewpeffects = all
gninde = 1 ps
Gonvergence achieved in 12 iterations
Total fime requiced for de analysis ~delp': CPU = 4 ms, clapsed = 685505 mo
Time acoumulated: CPU - 17 6523 5, slapsed = 18.1632 s
Pezk resident memory used = 868 Mhytes

deOpInfo: writing operating point infornation to rawfile.
nodelParameter: writing model parameter values to rawfile
element: writing instance parameter walues to rawfile
outputParameter: writing output parameter valves to rawfile
designParamVals: writing netlist parameters to rawfile
primitives: writing primitives to rawfile

subckts: writing subcircuits to rawfile

.

14
3f | HelpAction |
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m. You can display the waveforms separately by clicking on the left of
the display window and selecting ‘Plot to New Strip.’

These waveforms should show the desired results, namely periodic
waveforms as we expect for a ring oscillator. You can determine the
period of oscillation and measure the inverter delay.

A Virtuoso (R) Visualization & Analysis XL —[|O]|*
File Edit “iew Graph Axis Trace Marker Measurements Tools Window Erowser Help cadence
) o [ B ¥ [Layout sute n » |lwarkspace: | Classic n = &
Yy =1 L = " Ty
e e mow g e

] EEMGES3 ringoscillator_test schem... [

Transient Response
Mame

YTE/nputiety | 5

TN

time {ns)

mouse L: I R:

20(45) | 1
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n. You can recombine the waveforms into one set of axes by right
clicking in the left section of the Visualization & Analysis window
and selecting ‘Combine All Analog Traces.” Your Visualization &
Analysis XL window will look like the image below. Itis a good idea
to save your state, such as ‘state-ringoscillator,” before exiting the
simulator in the event that you would like to redo some of the
simulations (then you can load a saved state).

Aol Virtuoso (R) Visualization & Analysis XL

— (O]
File Edit ¥iew Graph Axis Trace Marker Measurements Tools Window Erowser Help (éden(e
9 FL] 1l Uj ¥} Layout; Auto nSubwindows:ient Responsen ‘Workspace: |Classic n|=E'LJ l(==-|0
oy Frn ) > Ty » - h[’ [ | ﬁ" Im]l
QO 4 Q . b dile G

Kl window1 B

Transient Response

Sat Jun 30 04:44:19 2012
Mame

66.0

time {ns)

mouse L: I

.3(4) | no error

[

0. Now you have simulated a ring oscillator.
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Ring Oscillator: Learning to Use the Calculator

. In this section, you are going to learn how to use the Calculator in

Cadence.

. The first example will be to show you how to measure the delay in

the ring oscillator for the case in which the input waveform has a
low-to-high transition (rising transition) and the output waveform
therefore has a high-to-low transition (falling transition). You will
measure the delay with the Cadence calculator.
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c. To open the Cadence Calculator, click on “Tools = Calculator’ in the
Analog Environment window, and the ‘Calculator’ window will
appear as shown below. Spend some time to get familiar with the

calculator (see Help and the online documents).

i Virtuoso (R) Visualization & Analysis XL calculator [=)Elx]

File Tools ¥iew Opfions Constants Help cadence
”H In Contexi Results DB:  /home/afiten 3’30 CHE/&mantell/cadence/ncsu-cdk-1.6.0 hetafringoscillator_test’spectre/schematic/pst

vt O [ vde |(Qvs | Lop var | Lvn o sp Lovewr hp Oom

m it i if o ide s — opt _ mp — ¥nZ | L Zp yp — gd _ data
| J
| of © Family ® wave | Clip | ':‘/\ & |Append n| {@ﬂ =

Key ... g x

7 i <) !

4 5 B

1 z 3

" 5 Pop o om. s Mse | % B | e

0 s el oD Bl B | B R | s | MBS e SR S

Stack & x
o

(#]

(¥

ey

Function Panel g%
|Epecial Functions n Q

PH dza fallTime harmanicFrey peak pzﬂ-lter spectrumbdeas

azd dBetn flip histo peakToFeak riseTime stddey

ahs_jitter delay fourEval iinteg period_jitter  rms tangent

average deriv freq integ phasetargin rmsMaise thd

hantwidth dft freq_jitter intersect phaseMoise  roat unityGainFreg

clip dfthb frequency ipn paw rshift value

caompare dnl gainBwFrad  ipn'RI prms sample inax

campression dutyCycle  gainbargin  loadpull psd setflingTime  «min

compressionRl evmQAk  getAsciiwave Ishift psdbh slewRate wval

convolve evm@psk  groupDelay  overshoot pstddey spectralPower ymax

Cross eveDiagram harmonic pavy pezhode spectrum ymin

Function Panel Expression Editor kemaries
Successful evaluation B

i
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The calculator works with a ‘stack’ (like some HP calculators) in
which you first input one or more operands (waveforms), and then
you perform an operation on them. After each operation, it is
recommended that you clear the stack (clst). To view the stack, you
have to enable it (click on the Display Stack).

. Now you will set up your waveforms in the Visualization & Analysis

window to look like the ones in the image below. Notice that in this
image, the waveform for the InputNet starts low and transitions to
Vdd (a low-to-high transition, or rising edge). Notice also that in the
image, the waveform for the output net (N1 for the case shown)
starts high and transitions to 0 V (a high-to-low transition, or falling
edge). This edge is referred to as the first edge, or ‘edge 1.

oy

File Edit ¥iew Graph Axis Trace Marker Measurements Tools Window Browser Help

Virtuoso (R) Visualization & Analysis XL =0 X

cadence

Pl Ej ® Layout) Auto nSubwmduws:iemRespunsen ‘Workspace: | Classic n |=E‘u l“=ﬂ'|:)
A @ mp
O LWy I N T &
Kl window1 B
Transient Response Sat Jun3004:44:19 2012

Iame

e
YT Inputiet) °

130.0
time (ns)

mouse L:
34 | no errar
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f. Now click on the ‘Wave’ radio button in the calculator window. Then
click on the output waveform (the waveform with the low to high
transition, in this case, N1) in the Visualization & Analysis XL
window. (Be sure not to click on the wave name on the left-hand
side; click instead on the waveform itself).

el Virtuoso (R) Visualization & Analysis XL —||O] %
File Edit ¥iew Graph Axis Trace Marker Measurements Tools Window Erowser Help cadence
9 FL] 1l Uj ¥} Layout; Auto nSubwindows:ient Responsen ‘Workspace: |Classic n |=E'u l(==-|0
P P > Ty - ) L
OO0 AL » A NE R
Kl window1 B

Transient Response Sat Jun3004:44:19 2012

Mame

YT Inputhlet”

129.0

time {ns)

limouse L: I
3 | no errar J|
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g. A wave name should appear in the calculator window as shown in
the image below. This image shows the wave name “N1” in the
window. The syntax of the statement in the window, ‘clipX,’ refers
to the zoomed-in portion of the waveform that you are displaying in
the waveform window. The syntax of the two values in blue at the
end of the statement refer to the start time and to end time of the
zoomed-in portion of the viewing window that you selected in the
Visualization & Analysis XL window.

i Virtuoso (R) Visualization & Analysis XL calculator [=)Elx]
File Tools ¥iew Opfions Constants Help cadence
”H In Contexi Results DB:  /home/afiten 3’30 CHE/&mantell/cadence/ncsu-cdk-1.6.0 hetafringoscillator_test’spectre/schematic/pst
vt O [ vde |(Qvs | Lop var | Lvn o sp Lovewr hp Oom
”| it i if o ide s — opt _ mp — ¥nZ | L Zp yp — gd _ data
|[o off & Fanily ® wave | cip | T o5 [@ppend - [ReAR=]
Key ... XL clipsfeeamt Trasult “ran™ 126 96-3 132.4E-3
7 i <) !
4 5 B
1 z 3
" 5 Pop TR = = | % B B |
0 s el oD Bl B | B R | s | MBS e SR S
Stack & x
o
(#]
(¥
ey
Function Panel g%
|Epecial Functions n Q
PH dza fallTime harmanicFrey peak pzﬂ-lter spectrumbdeas
azd dBetn flip histo peakToFeak riseTime stddey
ahs_jitter delay fourEval iinteg period_jitter  rms tangent
average deriv freq integ phasetargin rmsMaise thd
hantwidth dft freq_jitter intersect phaseMoise  roat unityGainFreg
clip dfthb frequency ipn paw rshift value
caompare dnl gainBwFrad  ipn'RI prms sample inax
campression dutyCycle  gainbargin  loadpull psd setflingTime  «min
compressionRl evmQAk  getAsciiwave Ishift psdbh slewRate wval
convolve evm@psk  groupDelay  overshoot pstddey spectralPower ymax
Cross eveDiagram harmonic pavy pezhode spectrum ymin
Function Panel Expression Editor kemaries
Successful evaluation B

i
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h. Now click on the input waveform wave (it transitions from low to
high first). Be sure not to click on the name of the waveform on the
left-hand side of the window. You are selecting the rising edge of
this waveform, and it is edge 1 (in the zoomed-in portion of the
waveform that you display in the window).

Ay Virtuoso (R) Visualization & Analysis XL —||O] %
File Edit ¥iew Graph Axis Trace Marker Measurements Tools Window Erowser Help cadence
D e 1B Ej b4 L ayout) Auto nSubwindows:ient Responsen Workspace: | Classic n |:E'LJ @0
" Ny =1 3 - = - ﬁ y -
WoW R 22 L] . "ﬁ L
Kl window1 B
Sat Jun30 04:44:19 2012

Transient Response
Mame

YT(/Inputiet')

TN

129.0

time (ns)

imouse L: : '
a4y | no errar J|
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i. Now check in the calculator to verify that the name of the first
waveform (N1 in the case shown) has been pushed into the stack
and brings the name of the input waveform into the calculator
(InputNet in the case shown). Important: Note that the waveforms
were entered in reverse order (the late first; then the early one); this
is a feature of the stack operation of the calculator.

oy Virtuoso (R) Visualization & Analysis XL calculator E]@E]

File Toaols Miew Options Constants Help CidEl’ICE‘

”H In Context Results DB:  /home/afiten3/50CHERmantell/cadencedncsu-cdk-1.6.0. hetafringoscillator_test’spectre/schematic/pst

i ¥t
m it 2P WP gl odata

|o aff _ Family ® wave |« clip | ':‘[\ & |Append n| @'| =]
Key ... g% clipxfv("Anputhlet” Fresult "tran®) 126.9E-9 132 4E-9

7o Lt |8 !

N N Y

W T,

s [Lop Gvar [ Lwn o sp L ovswr hp O ozm

—de | s [ wopt omp | vnz

4 5 i
A 2y |3
. Pop B OmR, w s | P B 7 I S
0 ol B O | BR R | e e VAR v SR S
Stack 8X
Clipx (v (/M1 Fresult "tran™ 126.9E-3 132 4E-9)

o

Q

(%]

-

Function Panel g x
|Epecial Functions B Q

PR dza fallTime harmonicFrey peak pefilter spectrumhieas

azd dBrm flip histo peakToFeak riseTime stdey

ahs_jitter delay fourwal linteg petiod_jitter  rms tangent

average deriv fraq integ phasekdargin rmshlaise thd

handwidth cift fren_jitter intersect phaseMoize  root unityGainFreg

clip dfthh frequency ipn paw rshift value

campare dnl gainBwFrad  ipnvRl prins sample wma

compression dutyCycle  gainbdargin loadpull psd setllingTime  xmin

campressionyRl evmQAk  getasciiave |shift psdbhb slewRate wval

convaolve evmQpsk  groupDelay  overshoat pstdday spectralPower ymax

cross eyeDiagram harmonic pavy pzhode spactrum ymin

Function Panel | Expression Editor J e Mematies )
Successful evaluation B

; |
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j. Now move the cursor to ‘Special Functions’ in the calculator
window. Select ‘delay’. Fill 2.5 as the threshold values (50% of Vdd
= 2.5V since Vdd = 5V). Notice thatin the ‘delay’ section, the name
of your first waveform (N1 in this case) is listed as ‘Signal2,” and the
name of your second waveform (InputNet in this case) is listed as
‘Signall’. For Signall, set the Edge Number equal to 1. For Signal2,
set the Edge Number equal to 1. For Signal 1, set the Edge Type 1 to
‘rising.” For Signal 2, set the Edge Type 2 to ‘falling.” Then click ‘OK’.

i Virtuoso (R) Visualization & Analysis XL calculator [=)Elx]
File Tools ¥iew Opfions Constants Help cadence
”H In Contexi Results DB:  /home/afiten 3’30 CHE/&mantell/cadence/ncsu-cdk-1.6.0 hetafringoscillator_test’spectre/schematic/pst

vt O [ vde |(Qvs | Lop var | Lvn o sp Lovewr hp Oom
”| it i if o ide s — opt _ mp — ¥nZ | L Zp yp — gd _ data
|
| of © Family ® wave | Clip | ':‘/\ & |Append n| @‘| =
Key ... FUXE| | el anputilat’ Prasult "tran®) §6.28E-3 93.79E-9 ]
7 i <) !
4 5 B
1 z 3
- n Pop HoER = lse | P B |
0 s el oD Bl B | B R | s | MBS e SR S
Stack & x
clipxe("/N1" Fresult "tran™y G5 26E-3 93.79E-9)

‘ Function Panel g X

|Epecial Functions n Q
delay

Signall  clipx{v/nputhet" fresult "tran") §3.28E-9 93.79E-9) 'r—\

Signalz | clips(u("/N1" Tresult "tran") §8.28E-9 93.73E-9 )

Threshold Value 1 2.5

Threshold Value 2

Edge Humber 1 1
Edge Type 1 rising

Edge Number 2

2h

1

B Edge Type 2 [falling

QK | Apply | Defaults | | Close || Help

Function Panel Expression Editor kemaries
Successiul evaluation
i
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K. Notice the change in the calculator window. The entry has now been

expanded to show the delay calculation expression.
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l. Now click on the ‘Evaluate’ buffer (the icon to the left of ‘Append’
pulldown), and you will see a value for the rising delay (tpLH) for
the inverter (in the ring oscillator). In the image below, the result of
the delay calculation shows that the rising delay for edge 1 is 156.6

ps.
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m. The image below shows the zoomed-in section of a single transition.
The input waveform is a rising edge (InputNet in this case), and the
output waveform is a falling edge (N1 in this case). You can
highlight both waveforms by holding the shift key and clicking on
the two waveforms. This makes it easier to see whether the rise
time of the InputNet is equal to the fall time of the output net (N1 in
this case) and thus, the extent to which the inverter is balanced.
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n. Now you are going to measure the delay of the high-to-low
transition for these two signals (tpHL).

0. First, you can clear the ‘Evaluate’ buffer and clear the stack (clst) as
shown in the image below.
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p. You will execute similar steps in this part of the exercise with the
calculator.

g. First make sure that your waveforms look like the ones shown in the

Visualization & Analysis window (the same as for the previous set of
steps to obtain the delay tpLH).
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r. Now click on the ‘Wave’ radio button in the calculator window. Then
click on the output waveform (the waveform with the low to high
transition, in this case, N1) in the Visualization & Analysis XL
window. (Be sure not to click on the wave name on the left-hand

side; click instead on the waveform itself).
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s. A wave name should appear in the calculator window as shown in
the image below. As before, this image shows the wave name “N1”
in the window. The syntax of the statement in the window, ‘clipX,’
refers to the zoomed-in portion of the waveform that you are
displaying in the waveform window. The syntax of the two values in
blue at the end of the statement refer to the start time and to end
time of the zoomed-in portion of the viewing window that you

selected in the Visualization & Analysis XL window.
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t. Now click on the input waveform. Be sure not to click on the name
of the waveform on the left-hand side of the window. You are
selecting the first falling edge of this waveform, and it is edge 1 (in
the zoomed-in portion of the waveform that you display in the

window).
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u. Now check in the calculator to verify that the name of the first
waveform (N1 in the case shown) has been pushed into the stack
and brings the name of the input waveform into the calculator
(InputNet in the case shown). Important: Note that the waveforms
were entered in reverse order (the late first; then the early one); this
is a feature of the stack operation of the calculator.
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v. Now move the cursor to ‘Special Functions’ in the calculator
window. Select ‘delay’. Fill 2.5 as the threshold values (50% of Vdd
= 2.5V since Vdd = 5V). Notice thatin the ‘delay’ section, the name
of your first waveform (N1 in this case) is listed as ‘Signal2,’ and the
name of your second waveform (InputNet in this case) is listed as
‘Signall’. For Signall, set the Edge Number equal to 1. For Signal2,
set the Edge Number equal to 1. For Signal 1, set the Edge Type 1 to
‘falling.” For Signal 2, set the Edge Type 2 to ‘rising.” Then click ‘OK.’
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w. Notice the change in the calculator window. The entry has now been
expanded to show the delay calculation expression.
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X. Now click on the ‘Evaluate’ buffer (the icon to the left of ‘Append’
pulldown), and you will see a value for the falling delay (tpHL) for
the inverter (in the ring oscillator). In the image below, the result of
the delay calculation shows that the rising delay for edge 1 is 83.83

ps.
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y. The image below shows the zoomed-in section of a single transition.
The input waveform is a falling edge (InputNet in this case), and the
output waveform is a rising edge (N1 in this case). You can
highlight both waveforms by holding the shift key and clicking on
the two waveforms. This makes it easier to see whether the fall time
of the InputNet is equal to the rise time of the output net (N1 in this
case) and thus, the extent to which the inverter is balanced for this

transition.
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Z. You can also measure the period of this ring oscillator.

aa. You have now learned to use the calculator using your
simulation of a ring oscillator.
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Parameterized Inverter Chain: Delay of Inverter Chain

. In this section, you are going to create a hierarchical schematic at

the logic gate level by using symbols that represent lower-level
schematics. When you create a hierarchical schematic, it may be
necessary to use different gates that represent the same logic but
have different transistor sizes (e.g. a ‘weak’ inverter and a ‘strong’
inverter) and different corresponding power levels. It is also
desirable at times to be able to move easily from one technology to
another (e.g., from 0.6 microns to 0.25 microns). In these cases, it is
helpful to parameterize the sizes of the transistors in the schematics.

In this section, you will start with the schematic and symbol for the
inverter that you created in a previous section (inv). You may want
to review the previous sections and refresh your memory.

First, copy the existing inverter cell to four other cells named invx1,
invx4, invx16, and Loadx64, respectively. These cells will be
parameterized inverters; specifically, the cells will be a
parameterized inverter with minimum size (x1), four times the
minimum (x4), 16 times the minimum (x16), and a fixed load 64
times the minimum.

In order to copy the cells, first click on the ‘EENG653’ library, then
on the inverter cell (such that they become highlighted). Then select
‘Edit = Copy,” and the ‘Copy Cell’ form will appear as shown in the
image below. Complete the name of the new cell, as shown for the
case of the ‘invx1’ cell. Make sure that ‘Copy All Views’ is selected.
(If your inverter were to have contained additional schematics, then
it would be important to select ‘Copy Hierarchical’ as well).

In this way, you should copy four more inverter cells in the
‘EENG653’ library (you could have also copied the cell into a
different library.)
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b. Open the EENG653 invx1 schematic (to review, one way to do this is
to click on the Library Manager window and then double-click on
the schematic view in this window). You will now change the
properties of the nmos4 and pmos4 to become parameterized.
Recall that to change the properties of the nmos4, you click on the
device (highlight it), and type ‘q’ (the hotkey).

Edit the properties for the nmos4:
1. Set the Width to ‘Width’;
2. Set the Length to ‘Length’.

Edit the properties for the pmos4:
1. Set the Width to ‘a*Width’;
2. Set the Length to ‘Length’.

Replace the VDD pin with an instance of the ‘vdd’ symbol from the
‘basic’ library. Replace the GND pin with an instance of the ‘gnd’
symbol from the ‘basic’ library. You will be setting the values for
ground and power at the top level of the hierarchy (this practice is
helpful for more complicated schematics).
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Your schematic will look like the image shown below.
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This image shows a parameterized inverter. You have
parameterized the width and length of each transistor. In this

case, you have parameterized the length of the nmos4 and length of
the pmos4 with the parameter ‘Length,” (default value is 0.6
microns), the width of the nmos4 with the parameter ‘Width,” (e.g.,
1.5 microns base size) and the width of the pmos4 with the
parameter ‘a*Width.” Note that the ‘a’ is used to change the ratio of
the pmos4 width to the nmos4 width: PMOS/NMOS ratio.
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When you instantiate this inverter schematic in a hierarchical
schematic, you will be able to:

1. Keep the default values;

2. Change the default values to migrate to a new technology
(such as changing ‘Length’ to 0.25 microns for a 0.25
micron CMOS technology);

3. Change the transistor sizes to create different transistor
strengths for different inverters.
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Create a symbol for the invx1 schematic. In the EENG653 invx1
schematic, select “Create = Cellview = From Cellview”. The form
“Cellview From Cellview” will appear as shown in the image below.
Fill in the form with Cell Name ‘invx1’, From View Name as
‘schematic’, To View Name as ‘symbol’. Then click OK.

The “Create Cellview” window will appear when the invx1 symbol
already exists. You can select ‘Modify’ to use the previous symbol
(where you will delete the VDD and GND pins with green lines) or
you can select ‘Replace’ and start over with a fresh symbol.

]

Library Marme

Cell Mame

From Yiew Mame

To Yiew Mame

Tool / Data Type

Cellview From Cellview E]

Browse
s -

inwel

_schematic n
symbol
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_Zancel | Defaults ) Apply | Help
i~ T
- Create Cellview (x|

\‘?1) Cellview 'inv<1" symhbol already exists.

_Replace | QEliipl  Cancel | Help
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d. The invx1 symbol will look like the image shown below.
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e. Run Check and Save on the invx1 schematic. When you run Check
and Save, the CIW will report that the invx1l “Schematic check
completed with no errors.” If there are errors, correct the schematic
and/or symbol and re-run Check and Save. Be sure that Check and
Save completes with no errors, as shown in the image below.

€ Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CDS.19May2012.log [=Elx]
File Toals Options Help cadence
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simulate. . .
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Make sure that your current window is a walid graphic editor window.

If it iz a walid graph editor window, contact customer service to inwestigate this issue.

*WARNING* (GE-2067): geGetEditCellVWiew: There is no graphical edit environment assigned to window(1E1) hecause the window is not a graphic ed:
Make sure that your current window is a walid graphic editor window.

If it is a walid graph editor window, contact customer service to inwvestigate this issue.

*WARNING* (GE-2067): geGetEditCellView: There is no graphical edit environment assigned to window(151) hecause the window is not a graphic ed
Make sure that your current window is a walid graphic editor window.

If it is a walid graph editor window, contact customer service to inwestigate this issue.

*WARNING* GetPropBag: Ead Library ID.

Getting schematic propert hag

Getting schematic propert bag

vdd (instance "I0", library "basic")
INFO (SCH-1170): Extracting "inwxl schematic"

INFO (SCH-1426): Schematic check completed with no errors. e
Getting schematic propert bagGetting schematic propert bagINFO (SCH-1181): "EENGES3 inwxl schematic' sawed. —
7 'm
: o
- 1] |
nmouse L showClicklnfogd) M: schHikousePoplipg R: schHibousePoplpi)

1|> J|
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f. Now you will parameterize the width and length for your additional
inverters: invx4, invx16, and Loadx64.

Parameterizing transistor widths

For each inverter, change the length of each pmos4 and each nmos4
to the parameter ‘Length’. Setting the length of each device to
‘Length’ is standard practice for the case of digital design in which
transistor lengths are set to the minimum value (in this case, 0.6
microns) in order to achieve high performance.

Parameterizing transistor lengths
For each inverter, set the widths according to the following:
1. invx4
a. pmos4 width: ‘a*b*Width’
b. nmos4 width: ‘b*Width’
2. invx16
a. pmos4 width: ‘a*b*b*Width’
b. nmos4 width: ‘b*b*Width’
3. Loadx64
a. pmos4 width: ‘a*c*Width’
b. nmos4 width: ‘c*Width’

Notice that invx4 and invx16 are parameterized twice (with ‘@’ and
‘b’). Notice that Loadx64 is parameterized twice (with ‘a’ and ‘c’)
and is kept independent of parameter ‘b’ in order to compare the
results of different choices of sizes for invx4 and invx16 when the
inverter chain drives a fixed load (default value for ‘c’ is ¢ = 64).
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For each of these inverters, replace the VDD pin with an instance of
the ‘vdd’ symbol from the ‘basic’ library. Replace the GND pin with
an instance of the ‘gnd’ symbol from the ‘basic’ library. You will be
setting the values for ground and power at the top level of the
hierarchy (this practice is helpful for complicated schematics).

Create a symbol for each inverter. Save the inverter symbol.

Check and Save each inverter. Make sure that the CIW reports that
the Check and Save completed successfully.
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g. The image below shows the invx4 schematic.
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h. The image below shows the invx4 symbol.
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i. The image below shows the invx16 schematic.
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j. The image below shows the invx16 symbol.
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K. The image below shows the Loadx64 schematic.
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l. The image below shows the Loadx64 symbol.
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m. Now you will edit each of the symbols that correspond to the four
inverter schematics to indicate their different characteristics. This
revision is not necessary but it is a good design practice. Recall that
to open the symbol, you can click on the Library Manager and then
double-click on the symbol view of the invx1 inverter.

Select ‘Edit > Properties = Objects’ and then click on the green text
of the symbol itself. Type the name of the symbol; the symbol
should change to reflect the change. Save the symbol.

For the case of the invx1 symbol, change the text to ‘invx1’. The
image of the invx1 symbol is shown below.
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n. Change the names in the symbols of the other inverters. The image
below shows the symbol of the invx4 inverter.
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0. The image below shows the symbol of the invx16 inverter.

Launch File Edit Wiew Create Check Options Window Help cadence
L L - T —- s - - — W |
™ | d 0 WX QT ¢ T 7 [K ® & &
= - Workspace: Basic nEE\u & =y ¢ = @ Iﬂ;\- ® . & [
| Havigator 7|8 x| =
7 Default B.
Q B-
Hame ol
k= invx16
..... 1 win
----- 1. wout
----- = VinP__0
----- = VoutP__1
| Property Editor 78X
N ————
imouse L: mouseSingledelectPt] t: schHikouseFopUp() F: schHitousePopUpl
31(158) | = 1

298 |Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

p- The image below shows the symbol of the Loadx64 inverter.
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q. Now you are going to create a hierarchical schematic of an inverter
chain. In the schematic of the inverter chain, you will instantiate one
instance of an invx1, one instance of an invx4, one instance of an
invx16, and one instance of a Loadx64 inverter.

You can call the new hierarchical schematic, ‘InvDelay.” Open the
Library Manager and highlight the ‘EENG653’ library. Select ‘File >
New - CellView,” and the ‘New File’ form will appear as shown in
the image below. Complete the form as shown in the image. The
Cell name will be ‘InvDelay,” and the View name will be ‘schematic.’

Then click ‘OK’ on the form.

- New File (x|
File
Likarary EENGE53 n
Cell IrnwDelay
Wienw schematic
Type schematic n
Application
Cpen with Schematics L n

_ Alvays use this application for this type of file

Libwrary path file
meeroScadence nosu-cdk-1. 6. 0. betascds. 1ihb

m _Cancel ) Help
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After clicking ‘OK,” an ‘EENG653’ ‘InvDelay’ schematic window will
appear as shown in the image below.
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s. In the ‘EENG653’ ‘InvDelay’ ‘schematic’ window, instantiate four
cascaded inverters comprised of an invx1 (one instance), invx4 (one
instance), invx16 (one instance), and Loadx64 (one instance). Use
the Component Browser form as shown in the image below.

rlﬂ Component Brows E]@E]ﬁ

Commands  Help cadence

Library |hasic

Flatten
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|.. (Go up 1 lewel)

onPageonn
patch
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B2 | Helpaction B

9
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t. Create an instance of the power supply, vdc, and set the values as
shown in the image below. Set the DC voltageto 5 V.

| Edit Object Properties (x|
Spply To Lu:unly current n jnstance n
show _ system o user o CDF
Erowse Reset Instance Labels Display
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Yiew Mame symbol off n
Instance Mame ¥l off n
Addd Delete kAodify
ser Property kaster Walue Local Walue Display
lvslgnore TRUE FALSE off n
CDF Parameter Yalue Display
&C magnitude off n
AC phase off n
OC voltage Ew off n
Moise file name off n
Mumber of noisedfren pairs 1] off n
Temperature coefficient 1 off n
Temperature coeficient 2 off n
Mominal temperature off n

)
=

@I cancel aApply  Defaults | Previous | N Help
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u. Create an image of the voltage pulse, vpulse in the schematic. Set the
values of the pulse as shown in the image below. Set Voltage 2 =5V;
Rise time to 400ps; Fall time to 400ps; Pulse width to 1.6ns; and
Period to 4ns.
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v. Add a noConn symbol to terminate the Loadx64 (final inverter) as
shown in the image below.
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. Let’s review the creation of this inverter chain.

So far, you have instantiated four inverters, the vpulse symbol, vdc
symbol, and the noConn symbol.

Now connect the vdc to vdd (a symbol from the ‘basic’ library) and
gnd (a symbol from the ‘basic’ library). Connect the terminals with

wires (blue).

Connect the vpulse to gnd and to the net “IN1”. Use wires and wire
labels.

Connect the input port ‘IN’ to the input of invx1, and label the input
net “IN1”. Use wires and the labeling tool.

Connect the output of invx1 to the input of invx4 with a wire.
Connect the output of the invx4 to the input of invx16 with a wire.
Connect the output of invx16 to the input of Loadx64 with a wire.
Label the wire between invx1 and invx4 as ‘IN2’.

Label the wire between invx4 and invx16 as ‘IN3’.

Label the wire between invx16 and Loadx64 as ‘OUT".

Connect the output of invx16 to the output pin labeled “OUT".

Connect the output of the Loadx64 inverter to the noConn.
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The schematic of the EENG653 InvDelay (inverter chain) will appear
as shown in the image below.
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X. You have now constructed a schematic of an inverter chain and need
to assign values to the widths and lengths of each of the transistors
in each inverters (sometimes this process is referred to as sizing the
transistors).

In this example, you will investigate the delay of the inverter chain
for the case in which the fanout is 4 (FO = 4); theoretically, you could
have constructed an inverter chain composed entirely of the same
inverter, with each inverter driving four different inverters (FO4).
In this example, you will use the new parameterized inverters. To
achieve an FO4 inverter chain, you will assume that each inverter
drives an inverter for which (1) the nfet width is four times the
width of the driving nfet, and (2) the pfet width is four times the
width of the driving pfet.

This means that you can keep the first inverter at the base size, make
the second inverter four times the size of the first inverter, make the
third inverter 16 times larger than the first inverter, and the fourth
inverter 64 times larger than the first inverter. We can accomplish
this sizing of the inverter chain by setting the parameter b = 4.

Note that if you want to generate an inverter chain with a different
sizing, you just need to change the value of the parameter b. You can
do this easily because you have already defined the parameter b in
each inverter.

308|Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

Before setting up the simulation of the inverter chain, you will learn
one additional skill that is useful in your work with schematic entry.
This skill is the ability to traverse the schematic hierarchy.

In order to traverse the schematic hierarchy in Read mode, click on
the EENG653 InvDelay schematic, and then select “Edit - Hierarchy
- Descend Read.” Then click on the instance - such as the first
inverter - in which you wish to descend (without the ability to edit).

In order to traverse the schematic hierarchy in Edit mode, click on
the EENG653 InvDelay schematic, and then select “Edit - Hierarchy
- Descend Edit.” Then click on the instance in which you wish to
descend (with the ability to edit).
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. Before you simulate the inverter chain, there are a couple comments
about the use of four inverters in the chain. Specifically, you will use
the InvDelay schematic to determine the optimum value of the pmos
to nmos ratio (that is, the value of the parameter a) for a given value
of the parameter b. In this example, you will set the parameter b = 4
(for this FO4 inverter chain).

In this example, the role of the first inverter is to generate an input
waveform that is more realistic; that is, the rise time and fall time
are more realistic than the rise time and fall time of a waveform that
is a simple step or piecewise linear (as for the waveform that is
generated by vpulse).

The last inverter (Loadx64) is used only as a load, in this example.
Note that you are strongly recommended to use this type of approach
when you estimate delays through simulation; do not drive inputs

directly because the results may be unrealistic.

The two remaining inverters (invx4 and invx16) are used in the
inverter chain so that you can measure both tpLH and tpHL.
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Z. Now you will simulate the inverter chain, InvDelay. Click on the
EENG653 InvDelay schematic and select “Launch - ADE L”. The
Virtuoso Analog Design Environment will appear showing the
correct library (EENG653), cell name (InvDelay), and view name
(schematic).

Setup the simulation for spectre by clicking on the ADE environment
window with ‘Setup = Simulator/Directory/Host’ and select spectre
in the “Choosing Simulator/Directory/Host” window that appears.

Select the correct model libraries by clicking on the ADE
environment window with ‘Setup - Model Libraries” and choosing
the following two model libraries in the “spectre6: Model Library
Setup” window that appears:

1. /apps/vlsi/ncsu-cdk-
1.6.0.beta/models/spectre/nom/ami06N.m

2. /apps/vlsi/ncsu-cdk-
1.6.0.beta/models/spectre/nom/amiO6P.m

Select the transient simulation type by clicking on the ADE
environment window with ‘Analyses - Choose’ and selecting ‘tran’
in the “Choosing Analyses” window. In this window, set the “Stop
Time” to 8n (type 8n in the window). Select ‘moderate’ as the
Accuracy default. Make sure there is a ‘check mark’ in the radio
button next to the word ‘Enabled.” Then click OK.

Select all outputs by clicking on the ADE environment window with
‘Outputs —-> Save Options’ and select ‘allpub’, ‘Save model
parameters info’, ‘Save elements info’, ‘Save output parameters info’,
‘Save primitives parameters info’, ‘Save subckt parameters info’, and
set ‘Output format’ to ‘psfxl’. Then click ‘OK’ on the form.

The next settings you will need to make are to set the values of the
parameters a, b, ¢, Length, and Width.
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You can set the values of each parameter by clicking on the ADE
environment window with ‘Variables = Edit’, which will produce
the ‘Editing Design Variables’ window as shown in the image below.
In the ‘Name’ dialog box, enter a, and in the ‘Value (Expr)’ dialog box,
enter 2. Then click the ‘Add’ button. The parameter a with value 2
will move to the right-hand side of the form as shown in the list
below under the name ‘Design Variables.’

] Editing Design Variables -- Virtuoso® Analog Design En\rlrnnmen@

Selected Yariahle RS Vel

Mame | Walug |

Hame a g

= ]

Yalue (Expr)

Add | Delete | Change

— = N =

[ et Clear Find

e - S —

Cellview Yariahles | Copy From | Copy To

m _Cancel ) Apply | Apply & Bun Simulation | Help
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aa. You can now enter the values for the parameters b, c, Length,
and Width. Set the value of the parameter b to 4, the value of the
parameter c to 64, the value of the parameter Length to 0.6 microns
(0.6u), and the value of the parameter Width to 1.5 microns (1.5u).
The list of design variables will now appear as shown in the image
below.

] Editing Design Variables -- Virtuoso® Analog Design En\rlrnnmen@

Selected Yariahle Design Variables

_ Mame | Walue |
Mame B
2 b 4
Walue (Expr) &
3 fid
Add | Delete | Change 4 Length 00N
e N~ g & Width 150
Mext | Clear | Find =

Cellview Yariables | Copy From | Copy To

m _Sancel ) Apply | Apply & Run Simulation ) Help

313|Page



bb.

Air Force Institute of Technology

Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

You are now ready to simulate. Look again at the Virtuoso

Analog Design Environment window. The list of design variables
will appear on the left-hand side of the window, as shown in the
image below. Note that the window also shows that the type of

analysis is ‘tran’ (it is enabled).

Virtuoso® Analog Design Environment (7) - EENG653 InvDelay schematic E]@E]
Session  Setup  Analyses Variables Outputs  Simulation  Results Tools  Help cadence
Il 27 |
Anal 2| Fx =
Design Yariahles yses — —| Tac
_ Type | Enahle| Arguments | 8
I Marme | Walue 1 tran i 0 8n moderate
g 2 | - (i)
= b 4 -
s c B4 L-r:*
%Length 600N ¢
5 Width 1.5u 6
Outputs 28] Q@
Mame/Signal/Expr | ¥alue | Plot| Save| Save Options | L
. Flot after simulation: | Autd n Plotting mode: Replace n
imause L: R
79(136) | Calculator .. | Status: Ready | T=27 C | Simulatar: spectre J
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cc.Generate a netlist for your InvDelay inverter chain by clicking on the
Virtuoso ADE window and selecting “Simulation - Netlist 2>
Generate Raw.” A netlist window will appear as shown in the image
below (the input.scs file).

[c] /homeyafiten3/fac/ f dk-1.6.0.beta/|—|0)[%]

Fila Help cadence

77 Generated For. spectre
/¢ Benerated on: May 29 18 11 48 2012 M
#/ Design library name: EENGE!

#/ Design cell name Inv]JElay

// Design view name: schematic

simulator lang=spectre

global O wdd!

parameters a=2 h=4 c=fd Length=0. fu Width=1.5u

include "/apps/vlsi/nesu-cdk-1.6.0. heta/models spectre/non/amilen. n"
include " /apps/vlsi/nesu-cdk-1.6.0 heta/models spectrs mon/anilee "

#/ Library name: EENBES3
/4 Cell name: invxl
/4 ¥iew name: schematic
subckt inwvrl ¥in Yout
NO (Vout Vin 0 0) amiDEN w=Width l-Length as=Width * 2.5 * (600n)
ps=(2 * Width) + (5 * (600n)) pd=(2 + Width) + (5 * (600A)) m
reqion=sat
PO (Vout ¥in wdd! wdd!] =miD6P w=a*Width l-=Length as=a*Width + 2 &
ad=z#Width + 2.5 * (600n) ps=(2 + a*Width] + (5 * (600n)) pd=
n=l region=sat
ends invxl
/4 End of subcircuit definition,

/¢ Library nane: EENG6SI
/¢ tell name: inwd
/¢ View name: schematic
subckt dinwed Vin Yout
WO (Vout ¥in 0 0) aniDEN w-b+*Width l-Length as-h*Width + 2.5 + (60l
pe=(2 * b*Width) + (5 * (600n)) pd={Z * b*Width) + (5 * (600n
region=sat
PO (Vout ¥in vdd! wdd!) ami06P wea*b*Width l-Length as=a*h*Width *
sd=stheWidth * 2.5 + (600n) pa=(2 * a*b*Widfh) + (5 * (500n))
n-1 region-sat
ends invid
/¢ End of subcircuit dsfinition

#/ Library name: EENBES3
/4 Cell name: invxl6
/4 ¥iew name: schematic
subckt invxlf Vin Vout
HO (Vout Vin 0 0) amilEN w=b*b*Width l=Length as=hb*b*Width * 2.5 *
ad=h#h*Width * 2 5 * (600n) ps=(2 * h*b*Pidth) + (& + (600n))
n=1 regian-sat
PO (Vout ¥in wdd! wdd!] ami06P w=a*h*h*Tidth l=Length as=a*h*h*Tid]
ad=athsh#yidth + 2 5 + (600n) ps=(2 * a+h+h*Width) + (5 + (G0
pd=(2 *+ a*h+b*Width) + (5 *+ (F00n)) m=1 region=sat
ends invxlé
/4 End of subcircuit definition,

/¢ Library nane: EENG6S3
/¢ tell name: Loadxbd
/¢ View name. schematic
subckt Loadwtd ¥in ¥out
WO (Vout ¥in 0 0) aniléN w-c*Width l-Length as-c*Width + 2.5 + (60
pom(Z + cHidi) - (5 ¢ (BODm)) pds (2 * coWidth) + (5 + (00
region=sat
PO (Vout ¥in vdd! wddl) ami06P wea*c*Width l-Length as=a*c*Width *
sd=stcrWidth * 2.5 * (600n) ps=(Z * a*c*Widih) + (5 * (500n))
n-1 region-sat
ends Loadwbd
/¢ End of subcircuit dsfinition

#/ Library name: EENBES3

7/ tell name: InvDelay

/4 View name: schematic

I0 (INL INZ) inwel

I1 (INZ IN3) iroeed

T2 (TNI OUT) irwslé

T3 [OUT netS) Loadxed

¥0 (TNI 0) vsource type—pulse valO=0 vall=5 period=4n riss=400p fall=4

width=1.6n

vl (vddl 0) woource type=de desG

simnlaterOptions options reltol=le-3 vabotol=le-§ iashstol=le-12 temp=2
tnom=27 scalem=1.0 scale=1.0 gmin=1le-12 rforce=1 maxnotes=5 mexwar:
digits=5 cols=20 pivrel=le-3 sensfile="../psi/sens. oubput’ %
checklimitdest=psf

tran tran stop=Gn errpresst-moderate write="spectre ic®
writefinal="spectre. fo" annotate=status mestiters=5

finalTime0P info what-cppoint where—rawfile

modelParameter info what=models where=rawfile

element info what=inst where=rawfile

outputParameter info what=output vhere=rawfile

desigrParamVals info what=paraneters wheresrawfile

primitives info what=primitives where=rawfile

subckts info what=subckts vhere=rawfile

savelptions options save=allpub

.

T80 |
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dd. Now you can run the simulation by clicking on the ADE

window and selecting “Simulation - Run.”
appear as shown in the image below (spectre.out file).

[€] /nome/afiten3/rac/ dk-1.6.0.beta/InvDelay/spectre/schematic/psf/ Q@@

Eile Help

cadence

Cadence (R} Virtuoso (R) Spectre (R) Circuit simulator
version 10.1.1. 218 isrld 6dbit -- § sep 2011
Copyright (G) 1963-2010 Cadence Design Systems, Inc. All rights reserved worldwide Cadence,

Protected by U.5. Patents
5,610,847; 5,780,436, 5,812,431; 5,859,785, 5,949,992, 5,987, 238;
6,088,523, 6,101,323, 6,151, 698; 6,181,754, 6, 260,176; 6,278, 964;
6,349, 272; 6,374,390, 6,493, 849; 6,504, 885; 6, 618,837, 6,636, 839;
6,778,025, 6,832,358, 6,851, 0097; 6,928,626, 7,024, 652; 7,035, 782;
7,085, 700; 7,143,021 7,492, 240; 7,571,401,

Includes RSA BSAPE(R) Crypkographic or Security Prokocol Softvare from RSA Security, Inc.

User: mlenzerc  Host: vlsifae0l HootID; 56815619  PID: 6000
Memory aweilehle: 19,5416 GE physical: 25,2702 0B

CPU Type: Intel(R) Xeon(R) CPU X5E50 B 2.6TGHz
Processor PhysicallD CorelD Frequency
0 0 0 26801
1 0 1 26801
z 0 2 2660. 1
3 i E 2660. 1
4 i 9 2660.1
5 0 10 26601

simslating *input.ses’ on vlsifacOl st 6:11:50 PM, Tue May 23, 2012 (process id. 6000)
Erwirorment variable
SPECTRE_DEFAULTS=-E
connand lins
fappsfulsi fTadence METHL01 /tools. Lot fspectre/bin/6dbit /spectre |
input. scs +escchars +log . /psf/spectrs. out sinter=mpsc
smpssession-spectref 05786 21 -format psfxl -raw . /psf
+lqtineout 900 -maow & -mawn S
spectze pid - 6000

Loading /apps/wlsi/ladence MSIHI0L tools, LaxB6 fomi ALik /64bit/S, 0/Libinfincon_sh. 30 .
Loading /apps/wlsi/Gadence MSINI0L tools. Luxd6 fomi A Lib /64bit,5, 0/Libphilips_sh. oo ..
Loading /apps/wlsi/Gadence MSINI0L tools. Luxd6 fomi /Lib /64bit,5 . 0/Libsparan_sh.so ...
Loading /apps/wlsi/adence MSINI0L tools. 86 fomi A Lib /64bit,S, 0/Libstnodels_sh. 50 .

Time for NOB Parsing: CPU = 63 080 ms, elapsed = 243 045 ns
Time accunulated: CPU = 63 080 ms, elapsed = 243 045 ma.
Peak resident memory used = 34.1 lbytes

Time for Elaboration: CPU = 14 008 ms, elapsed - 6. 2840 ns
Time acoumulated: CPU = 78 987 ms, elapsed - 300 483 ms
Peak resident memory used = 37 & Mbytes

Tims for EDB Visiting: CPU = 0 5, elapsed = 818968 us
Time accumulated: CPU = 78 987 ms, elapsed = 310 375 ms
Peak resident memory used = 38.1 Mhytes

Circuit inventory
nodss €
beindvd 8
vaource 2

Time for parsing: CPU = 2 mo, elapsed = 3.21608 ms.
Time accumulated: CPU = 80,087 no, elapsed = 313,608 ms.
Peak resident memory used = 39,8 Mbytes

Entering remate connand mode using MPSC service (spectre. ipi, v0.0, spectref 25786 21, ).

Warning from spectre

Transient Analysis ‘tran': time = (0 s -> B ns

Inportant paranster values
stark = 0 3
outputstart = 0
stop ns

step = B ps
naxstep = 160 ps
e = all
uzeprevic - no
skipde = no
celtol = 1

toom = 27 §
tempeffects = all
errpreset = moderate
nethod = traponly

io = 3.5

relref = sigglobal
omin = 0 F
gnin = 1 ps

C
161

Virtuoso s

VRRNING (SPECTRE-16707): Only tran supports psfxl format, result of other analyses will he in psfhin

A run window will
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Remember that each time you change the schematic, you will
need to do a Check and Save. If there are no errors in your
simulation (look at the CIW to verify that the simulation completed
with no errors), you may visualize the simulation results. Since this
is a transient analysis, you will inspect voltage waveforms.

To visualize the simulation results, click on the ADE window and
select ‘Results = Direct Plot = Transient Signal’. A Virtuoso
Visualization & Analysis XL window will appear. Click on the
InvDelay schematic and select the signals IN1, IN2, IN3, and OUT.
Then type ‘ESC’. The waveforms will appear as shown in the image
below (select one to highlight it).

Eile Edit ¥iew Graph g<s Trace Marker Mgasurements Tools Window Browser Help cadence

Virtuoso (R) Visualization & Analysis XL = =01k

w O 0 X [Leyouticuto n ? |[Warkspace: | Classic BE‘_‘ =
N

00 A Q

k1l EENGES3 InvDelay schematic [

L] ﬁl’lﬁ frs ”'g'

Transient Response
Iame Wis

4.0

fime {ns)

touge L
86(149) | Tracking Cursar
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Parameterized Inverter Chain: More Use of the

Calculator

a.

You can now measure the tpLH and tpHL for the second and third
inverters with signals IN2 and IN3 (recall that the role of the first
inverter is to generate the realistic waveform, and the fourth
inverter is the load). To do this accurately, you are going to use the

waveform calculator (you can also save the waveforms in a table, as
explained earlier).

To open the waveform calculator, click on the ADE window. Then

select “Tools = Calculator’ which will open the calculator as shown
in the image below.

y

Virtuoso (R) tion & Analy XL c Q@@

File Tools View Options Constants Help

cadence

"H In Context Results DB:  /homesaftendfac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/invDelay/spectredschematic/pst

Il app plot erplot I

151

- — vi o v | U vde ) VS o op o var — ¥n o 8P vEWr
— Off _ Family & Wave |« Clig .\!f\ ] |Append n @ 8
L it L if W e L s W opt omp  Wh2 A ZR LA YR
Key ... 8 X| | zz44E-12
¥ & e !
4 Bl (4
1 z 3
+
" Ny, Pop &= g | Hae Wee | "% B i I [
| O B o | 02 gha | B e |™*EH v fE | 9
[ stack x|
~ ) [delay (el v(VIMNZ" Tresult "tran®™), Tvaluel 2.5, Tedgel "either”, Tnihl 1, 71 0, Pef2 v(VING" Tresult "tran®), TvalueZ 2.5, Tedged "either”, Tnthé 1, FtdZrd 0, ?stop nil, “multiple nil
Ji i} i} P 4
= w("INE" Tresult "fran®)
H‘_ w("IN3" Tresult "tran®)
(%]
%)
‘ Function Panel (=14
Special Functions u Q,
PN compression deriy eyeDiagram gainBwProd  iinteg overshoot pow riseTime slewRate unityGainFren
azd campressionRl dft fallTime gainMargin integ pavy prms s spectralPower walue
ahs_jitter convolve dithh flip getasciivave intersect peak psd rmshloise  spectrum wEK
average  Cross dnl fourEwal qroupCelay  ipn peakToPeak psdbb  root spectrumhleas xmin
handwidth dza dutyCycle freq harmanic ipnWRl  period_jitter  pstddey rshift steldley wval
clip dBm evm@AM freq_jitter  harmonicFreq loadpull phasebargin pzbode sample tangent ymax
compare  delay evmipsk frequency  histo Ishift phaseboise pziilter  setilingTime thd ymin
Function Panel Expression Editor Memories
Successul evaluation
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b. Get familiarized with the waveform calculator (also discussed
previously). The calculator works with a ‘stack’ in which you first
input a waveform (or more than one waveform) and then perform
an operation. After each operation, it is recommended that you clear
the stack. To view the stack, you have to enable it (click on the
button ‘Display Stack’).

Now click on ‘wave’ in the calculator window. The toggle button
should be selected next to the word ‘wave’.

Now click on the IN3 waveform in the Virtuoso Visualization and
Analysis XL window. A wave will be displayed in the calculator
window.

Now click on the IN2 waveform in the Virtuoso Visualization &
Analysis XL window. The first wave (for IN3) will appear in the
stack, and the IN2 wave will appear in the calculator window.

Note that you have entered the waves in reverse order (the later
wave first, then the early wave); this is a feature of the stack
operation of the calculator.

Now click on ‘Special Functions’ at the bottom of the calculator.
Click on ‘delay’. In the ‘delay’ form that appears, fill in 2.5 as the
threshold values (since 50% of Vdd = 5 V is 2.5 V); Set ‘Edge Number
1’ to 1; Set ‘Edge Number 2’ to 1; Set ‘Edge Type 1’ to either; Set
‘Edge Type 2’ to either; Then click OK.

Notice the change in the calculator window. There will be a long
expression.

Now click the icon for the ‘Evaluate buffer’, and you will see the
value of approximately 224ps appear in the calculator window,
which represents tpLH for the second inverter with a fanout of 4
(you measured the delay from IN2 to IN3 in a transition going from
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low to high). Notice that the value in the calculator window shown
above is 224.4E-12 which represents 224.4ps.

c. Clear the ‘Evaluate buffer’ and the stack. Now measure the value of
tpHL for the second inverter. You will follow the same steps as for
the previous calculation (of tpLH), except that you will set ‘Edge
Number 1’ to 2 and ‘Edge Number 2’ to 2. The value for tpHL is
approximately 221ps; (for the case of the image below, tpHL is
220.9ps.)

A Virtuoso (R) Visualization & Analysis XL calculator E]@@

Eile Tools Yiew Options Constants Help cadence

”H In Context Results DB:  /homesafitena/fac/mlanzervcadencemesu-cdk-1.6.0.beta/nyDelay/spectresschematic/pst

Il app  plot  erplat o

P vt |t | vde | ovs | op wvar | wvn SR WEWE
_ Off (L Family ® Wave |v Clip ':\lf\ & |Append B @ =] »
it T | i s woopt omp [ Lawn2 [ Lzp Lyp

Key ... B X||zz0.96-12

T & 4l I

4 g [}

1 2 3

0 e +

"~ "y Pop & mR = M= | % B n G
| D B %) B3 g | e s [ v SR 5

[ Stack a x|
— 1 |delayiTwl v(IMZT Fresult "tran™), Tvaluel 2.5, Tedgel "either”, Tnthl 2, Ftdl 0, PwrE w(*/IMN3" fresult "tran™y, Tvalues 2.5, Tedges "either”, Inth2 2, Ttdzrd 0, Pstop nil, Fmultiple nil)

= w(INE" Fresult "tran")

H‘_ wUIMG" Tresult "tran®)

®]

o

e

Function Panel g X
|Special Functions n Q,

Fr compression deriv eyeDiagram gainBwProd  iinteg overshoot pow riseTime slewRate unityGainFreg

azd compressionyRl dit fallTime gaintdargin integ pavy prms ms specitralPower value

abs_jitter convolve ditbh flip getasciiWave intersect peak psd rmskoise  specirum “max

average  Cross dnl fourEval groupCelay  ipn peakToPeak psdbb oot spectrumkdeas =min

handwidth dZa dutyCycle freg harmonic ipn%Rl  period_jitter  pstddey rshift stcidew wval

clip dBm evm@AR  freq_jitter  harmonicFreq loadpull phasebdargin pzhode sample tangent ymax

compare  delay evmpsk frequency  histo Ishift phasehoise  pziilter  setflingTime thd ymin

Function Panel || Expression Editor | hemaries
Successiul evaluation B

1531 | append plot to current graph |
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d. The value of tpHL is slightly less than the value of tpLH, as expected
because of the difference between the mobility of the electron and
the mobility of the hole (the carriers in the nmos and the pmos).
What is the ratio of the mobility of the electron and the hole? What
is the value of the parameter a? Which is larger? Although the
simulation results may suggest that the value of the width of the
pmos device may need to be increased even larger (to what value?),
you only need to do this (that is, increase the value) if you are
mainly interested in producing an inverter with a symmetric voltage
transfer curve (VTC) and with equal values of tpHL and tpLH (that is,
tpHL = tpLH). If you are interested in propagation delay (the
average of tpHL and tpLH), you may actually want to make them less
symmetric to gain speed.

e. You have now simulated an inverter chain with FO4.
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29. Parameterized Inverter Chain: Parametric Analysis of the Delay
of an Inverter Chain

a. You will now determine the optimal ratio of the pmos width to the
nmos width through simulation. In order to obtain the optimal
value of the ratio, you will perform multiple simulations with
different values for a, and you will determine the fastest solution. It
is possible to perform these simulations manually. In this section
you will learn how to perform the simulations automatically in the
Cadence software.
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b. Click on the ‘Virtuoso Analog Design Environment’ window for the
EENG653 InvDelay schematic and select ‘“Tools 2 Parametric
Analysis.” The ‘Parametric Analysis’ window will appear as shown in

the image below.

Parametric Analysis - spectre(6): EENG653 InvDelay schematic E]@E]
Eile Analysis Help cadence
Il Ready
=l ?q_ﬁ |8 ¥ U U ~ | Run Made: Sweeps & Ranges n| Q@ O |
Wariahle | Walue | Sweep? | Range Type | Start Point| End Point | Step Mode | Step Walue | Inclusion List | Exclusion List |
Add Variahle.. "4 From/To Auto
162 | HelpAction
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c. In the ‘Parametric Analysis’ window, type ‘@’ in the ‘Variable’
column. Type ‘1’ in the ‘From’ column; type ‘4’ in the ‘To’ column;
select ‘Linear Steps,” and set ‘Step Size’ to ‘0.2’ as shown in the image

below.
Parametric Analysis - spectre(6): EENG653 InvDelay schematic E]@E]
Eile Analysis Help cadence
Il Ready
=l ?q_ﬁ |8 ¥ U U ~ | Run Made: Sweeps & Ranges n| Q@ O |
Wariahle | Walue | Sweep? | Range Type |  Fram | To | Step Mode |  Step Size | Inclusion List | Exclusion List |
a 2 "4 From/To 1 4 Linear Steps 0.2

162 | Create an ocean script for parametric analysis
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d. In the ‘Parametric Analysis’ window, select ‘Analysis = Start.” The
simulations of your inverter chain will start to run, as indicated in
the run window of the ‘Parametric Analysis’ window below.

Parametric Analysis - spectre(6): EENG653 InvDelay schematic E]@E]

Eile  Analysis Help cadence

Il FParametric Simulation Completed.

=l %|ﬂ ¥ O O ~ | Run Mode: Sweeps & Ranges n| Q@ @ |

Yariahle | Walue | Sweep? | Range Type |  Fram | To | Step Mode |  Step Size | Inclusion List | Exclusion List |
a 2 ~ From/To 1 4 Linear Steps 0.2

Infao: Initializing Simulation...
Info: Running  a=1.0 15 remaining
generate netlist..
Lsuccessful
campose simulatar input file...
Lsuccessful
start simulator if needed..
Lsuccessiul
simulate...
15 parametric simulations remaining.

[l

Info: Running  a=1.2 14 remaining

Settinga =12

compose simulator input file...
LSUCCessiul

start simulator it needed...
LSUCcessiul

simulate...

14 parametric simulations remaining.

Info: Running — a=14 13 remaining

Setting a =14

compose simulator input file...
LSUCCessiul

start simulator if needed...
LSuUCcessiul

simulate...

13 parametric simulations remaining.

162 | Start all
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e. The CIW will also report that the simulations are running, as shown
in the image below.

[ Virtuoso® 6.1.5-64b - Log: /home/afiten3/fac/mlanzero/cadence/ncsu-cdk-1.6.0.beta/CDS.19May2012.log [=Elx]

File Toals Options Help cadence

INFO (ADE-3071): Simulation completed successfully.
reading simulation data. ..
...successful.
Getting schematic propert hag
Delete psf data in /home/afitend/fac/mlanzero/cadence/ncsu-cdk-1.6. 0. beta/TrvDelay//spectre/schematic/psf.
Writing simulator output to file " home/afitend/fac/mlanzero/cadence/nosu-cdk-1.6. 0 heta/InvDelayspectre/schematic/metlist/paraplot-sim-out"
16 parsmetric simulations remaining.
Setting a = 1
Begin Incremental Netlisting Jun 1 16:41:50 2012
WARNING (0SSHML-117): Ignoring switch wiew 'schematic' of cell 'wdd' in library 'hasic', as it does not contain
any instance. To netlist this cell, add this switch view to the stop list or to
ignore any specific instance set the property 'nlAction' to walue "ignore" on
this cell view.

WARNING (0SSHML-117): Ignoring switch wiew 'schematic' of cell 'gnd' in library 'hasic', as it does not contain
any instance. To netlist this cell, add this switch view to the stop list or to

ignore any specific instance set the property 'nlAction' to walue "ignore" on

this cell view.

End netlisting Jun 1 16:41:50 2012

The netlist is up to date.
Time taken to compare the design with netlist: 1.0s

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ARDE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

INFO (ARDE-3071): Simulation completed successfully.

INFO (ADE-3071): Simulation completed successfully.

The simulator output is in the file */home/afitend/fac/mlanzero/cadence nosu-cdk-1.6. 0 beta/InvDelay/spectre/schematic/netlist/paraplot-sin-o
parametric simulation complete a

r o

¥ -

nmouse L: Id: R:

- i
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f. When the simulations are completed, you can plot the waveforms.
In the Virtuoso Analog Design Environment window, select ‘Results
—> Direct Plot = Transient Signal.” Then move your mouse to the
window showing the EENG653 InvDelay schematic and click on the
‘IN2’ net and the ‘OUT’ net. These two nets will become dashed lines
and will become highlighted, as shown in the image below.

ﬂ Virtuoso ® Analog Design Environment L Editing: EENG653 InvDelay schematic -- Virtuoso® Analog Design Environment (7) =|afx
Launch Eile Edit ¥iew Create Check Options Migrate Window NC3U  Help (é dence
EN =] F 0 WX @ T ¢ B-7T v 1K Q& &I L L=
o~ - Workspace: ADE L ":E\u o [y :ﬁ Uy Ay Ty | By [l B-
sac b S ke = (= L
£ 2 0 @ [ B {& IB#-G-Z-

Havigator icdll=1b
Default B .

Q B-

Matme - T
Bk 1 {invsd)
5= 12 (invx16)
E-k= 13 (Loadx64)
©) 14 (gna
(&) 115 (veid)
~(Z) 16 (gnd)
~ () PIMD (ipin)
(20 PINT (oping
20 V0 (vpulse)
- () W fwdc)
-, gndl
1IN
. [
e, ING
. nets
1 out
T s

L

Property Editor 78X

mouse L: showClickinfo()
33(61) | Rotate Len

M: schHikousePopUp()

R: schHiMousePopUp(
Cmd: 3el: 0 Status: Ready \ T=27 C | Simulator: spectre J
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g. Then click ‘ESC’ in the EENG653 InvDelay schematic, and the
Virtuoso Visualization & Analysis XL window will appear showing
the IN2’ waveform and the ‘OUT’ waveform for the duration of the
simulations as shown below (click on the ‘IN2’ waveform and the
‘OUT’ waveform to see the left-most keys indicating the simulations
with different values of the parameter ‘a’). The image below shows
the ‘IN2’ waveform with a = 1.0 highlighted in a red dashed line; this
is the fastest high-to-low transition (and slowest low-to-high
transition). Note that the values of the delays are similar for a=1 to

a=3.

Wy

Virtuoso (R) Visualization & Analysis XL =[O

File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence

Fo) il ﬂj #® Layaut; Auto ' # ||Workspace: Classic 'l:E‘u @0
QoaQq - L NE ¥

2] EENGAS3 InvDelay schematic [

Transient Response
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4.0
time (ns)

mouse L
EA(149) | Redo Shift+L
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h. The image below shows the ‘IN2’ waveform with a = 4.0 highlighted
in a blue dashed line.

) Virtuoso (R) Visualization & Analysis XL =[O x
Eile Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
Pl 18 0 X Layout; Auto n * |Workspace: Classic n E\J L__.%
= = = ~ . — - i mp
Wokd N 22 n f L[

Il EENGES3 InvDelay schematic (£

Transient Response
Mame

“©
“
“©
“
“©
-
©
-
©
-
©

timea (ns)

mouse L: I R:
a(143) | [l
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i. The image below shows the ‘OUT’ waveform with a = 1.0 highlighted
in a pink dashed line.

L] Virtuoso (R) Visualization & Analysis XL =[O
File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help c&dence
L) il ﬂj ® Layaut; Auto ' > ||Workspace: Classic ' Q @0
e (B ~ frm
Q0aa » oo e

Izl EENGAS3 InvDelay schematic [

Transient Response
Marme
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limause L. %] R:
BB(143) | Cut  Ctlex [l
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j. The image below shows the ‘OUT’ waveform with a = 4.0 highlighted
in a peach dashed line.

L] Virtuoso (R) Visualization & Analysis XL =[O
File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help c&dence
FL) il ﬂj ® Layaut; Auto ' > ||Workspace: Classic ' Q @0
e (B ~ frm
Q0aa » oo e
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k. If you zoom in on the low-to-high transition of ‘IN2’, you will see that
the fastest transition is the case for which a = 4. The slowest
transition is the case for which a = 1 (see the next image).

) Virtuoso (R) Visualization & Analysis XL =[O x
Eile Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
Pl 18 0 X Layout; Auto n * |Workspace: Classic n E\J L__.%
= = = ~ . — - i mp
Wokd N 22 n f L[

Il EENGES3 InvDelay schematic (£

Transient Response
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fime (ns)

mouse L: I R:
86149 | Redo Shift+L J|

332|Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

l. The slowest low-to-high transition for ‘IN2’ is the case for which the
width of the pmos device is equal to the width of the nmos device (a

) Virtuoso (R) Visualization & Analysis XL =[O x
Eile Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
Pl 18 0 X Layout; Auto n * |Workspace: Classic n E\J L__.%
= = = ~ . — - i mp
Wokd N 22 n f L[

Il EENGES3 InvDelay schematic (£

Transient Response

e | e i

timea (ns)

mouse L: I R:
BE{143) ‘ RME zaom reset ta =y mode J|
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m. The image below shows the ‘OUT’ waveform with the fastest low-to-
high transition, for which a = 2.2 highlighted in a purple dashed line.

iy

Virtuoso (R) Visualization & Analysis XL

=[O
File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help c&dence
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~ @ ~ =] mp
Q0aq - LLNEL T

Izl EENGAS3 InvDelay schematic [
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86(149) | Previous Edge

334|Page



Air Force Institute of Technology
Department of Electrical and Computer Engineering

Integrated Circuit Design CAD Tool Information

n. The image below shows the ‘OUT’ waveform with the slowest low-
to-high transition with a = 1.0 highlighted in a pink dashed line.

) Virtuoso (R) Visualization & Analysis XL =[O x
Eile Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
Pl 18 0 X Layout; Auto n * |Workspace: Classic n E\J L__.%
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0. Itis a good idea to save your state before exiting the simulator in
case you would like to redo some of the simulations; with a saved
state, you can start by loading the state that you saved previously.
To save the state, click on the Virtuoso Analog Design Environment
window and select ‘Session = Save State.” Then input the name that
you would like to use for the state and click ‘OK’ on the form. For
example, you can set the ‘Save As’ field to ‘state-InvDelay-schematic.’

30. The End.
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