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a)

System Setup

Basic setup

Cadence can only run on the unix machines at USC (e.g., viterbi-scfl). You will need to
remote login (XTerm) to these machines to run the tools.
If you're using Windows, download X-Win32 2012 (for remote login) and Filezilla (for file transfer)
from http://software.usc.edu (usc account login required)

If you're using MAC or Ubuntu, use terminal command “ssh -X” for remote login and “scp” or
“sftp” for file transfer. If you're not familiar, please read this tutorial for more information:
http://www.linuxtutorialblog.com/post/ssh-and-scp-howto-tips-tricks

If you have any license issues when you run X-Win32, you can either try to connect to USC
Wireless Plus (how-to link: http://www.usc.edu/its/wireless/plus/) or use USC VPN (how-to

link: http://www.usc.edu/its/vpn/anyconnect.html).

X-Win32 Connection Setup
To remote login using X-Win32, select Manual and choose ssh:

,
7 ¥-Win32 2012 Configuration (=] = (==
al Connections Window Metworl Input Font |
Hac ti d [l k d40p
| ey Connect
‘| W Connection Method ? &
Please select the method by which you want to connect.
Connection Method
% we
[: W ssl
More...
Add Folder
Other
Display On Startup
[ Exit when all connections have dosed

Connection Name: (anything you like)

Host: viterbi-scfl.usc.edu

Login: (your my.usc.edu account name)
Command: /usr/bin/xterm

Password: (your my.usc.edu account password)


http://software.usc.edu/
http://www.linuxtutorialblog.com/post/ssh-and-scp-howto-tips-tricks
http://www.usc.edu/its/wireless/plus/)
http://www.usc.edu/its/vpn/anyconnect.html)

3
E

I Edit Connection (ssh) - X-Config

General Advanced

Connection Name: viterbi-scf1

Host: viterbi-scf L usc.edu

Login: siyuyue
fusr/binfxterm

Command:

Password: oy

Confirm Password: oy

Share Password

Show Status

| Save | [ Test ] [ Cancel ] [ Help

b

LS

Save your connection. Launch it:
(') X-Win32 2012 Configurati |E=REERTS)
%Connecﬁons %thow | lEl\letwork | anput | Iﬁﬁmt | : »

4 | My Connections MNew Connection
.. Autostart
W 5717
Ui aludra
U viterbi-scfl
[ |, Shared Sessions

|7
EEEHH EE

:

Other
Display On Startup

Exit when all connections have dosed

Lo ) Coma ]| oo

siyuyueBviterbi-sefl “1%




b) Filezilla Connection Setup

Open Filezilla, use viterbi-scfl.usc.edu as host and 22 as Port. The username and password
are the same as your X-Win32 connection.

| File Edit View Transfer Server Bookmarks Help

A~ TSR 2 v R & 5050

‘ Host: viterbi-scfLuscedu  Username: siyuyue Password: ~ port: 22 | E]

s e e —

Local site: |E:\Courses\zoleall\EESmV.ab\Test\ ~ | Remote site: -

i - 1 Test -~
-}, PHED106
. 2012-Spring
| Live Mesh
| Research
. ResearchDizhu
- |, System Volume Information >

Filename Filesize Filetype Last modified Filename Filesize Filetype Last modified Permissions Oy
&.

| examples File folder 8/29/2012 14:55:28

[ ] .cshre 1,147 CSHRC File 8/29/201213:29:24 Not connected to any server

201203 _EEST7b._... 104,235 Microsoft Wor... 8/29/201214:17:42

gaamples.tar 40,448 WIinRAR 7727 8/29/2012 11:09:02

< i g »

3 files and 1 directory. Total size: 145,830 bytes Not connected.

Server/Local file Direction Remote file Size Priority  Status

h‘ Queued files | Failed transfers { Successful transfers |

Queue: empty oo

Navigate and choose files from the left window to upload and files from the right window to
download.

File Edit View Transfer Server Bookmarks Help

R 15 o o) . R A MR
[, T . . -~ (e ]~
Stati L e acF T Coc el |
‘ Status: Calculating timezone offset of server... -

(Command: mtime "cds”
Response: 1346293130
Status: Timezone offsets: Server: -25200 seconds. Local: -25200 seconds. Difference: 0 seconds. @
Status: Directory listing successful =
Local site: |C:VJsers\§iyu Yue\Documents\ v | Remote site: |ﬁ'|ome/scf-03/siyuyue -
=l Desktop =R

i [F| My Documents @ -2 home

=-/% Computer

C: (0S) -1 siyuyue
i SRecycle.Bin
1. Config.Msi
1. Documents and Settings ol
Filename Filesize Filetype Last modified | Filename Filesize Filetype Last modified Permissions  *
Lo e
1. Google Talk Rec... File folder 4/24/2012 14:33:00 1. .artist_st... File folder 9/1/2011
1 MATLAB File folder 4/19/201213:46:06 | _| | L .cadence File folder 1/20/2012
A My Music File folder 417/201212:5210 ||| L .config File folder 4/21/201214:5...
=My Pictures File folder 4/17/201212:52:10 1 distiller File folder 1172172011
a8 My Shapes File folder 4/19/2012 14:54:34 L. .emacs.d File folder 8/24/2011
B My Videos File folder 4/17/201212:52:10 .. fontcon... File folder 1/31/2012
. Visual Studio 2008 File folder 4/19/2012 12:03:50 1. .gconf File folder 8/29/201210:0... -
1. Visual Studio 2010 File folder 8/24/201214:09:57  ~ |« [ m | 4
1 file and 8 directories. Total size: 402 bytes 27 files and 19 directories. Total size: 197,362 bytes
Server/Local file Direction Remote file Size Priority  Status

Queued files ’ Failed transfers J Successful transfers |

4R Queue: empty e




Cadence setup

Before you start, familiarize yourself with the following linux commands:

Is // List files

pwd // Show your current directory

cd // Navigate to some directory YOL_J can find 'gshrC_Ilnux'
tsmc.spice and 'visi_tools.csh'

mv // Move from http://bits.usc.edu/ee209/

cp // Copy site. Note that the file entitled

rm // Remove ‘cshrc_linux' should be renamed to

mkdir // Create a directory \Cshrc' after uploading it in your

bme directory.

Google them for more information about their usage if needed.

Download .cshrc, tsmc.spice and visi_tools.csh from http://bits.usc.edu/ee209/ under Lab Tutorial.
Use Filezilla (or scp) to upload these files to your home folder on viterbi-scf1. Make sure they
are named .cshrc or visi_tools.csh exactly.

Type command “Is —a” to list all files under your home directory:

Ger NN o

[ziyuguelviterbi-=cfl “1% 1= -a
. woshrc” Llibzel Js_state

Is -a

If you need to edit

e Jdistiller login fAdobeFnt, 1=t the linux files, don't
Hauthority JEMACS . logout CD5.1og
Jartist_states L, emacs,d JhENEre cadence edit them by
Lcadence Jfontconfig Jpinerc cdz .
Jcdseny Lgoonf Jrecently-used eeh 77 Window based
Jcdzenw_backup |, goonfd Jrecently-uzed, xbel  ecBR0 editor (e g Word
.config Lgname LEimvizion exanples, tar rgn !
Joczhro Lonome? L UK libManager, log Text)_ You have to
chackup  Lgnome?_private [N panic, log . .
Jczhirc_back2 Jhistory Miminfo wlzi_tools,czh use unix edItOI’S,
ccehro_backup |, libmgr s TS _toolz, ca, backup

such as gedit, vi,
emacs..

[siyuguelyiterbi-scfl “1% 1

If you need to rename those files to .cshrc or visi_tools.csh, use command “mv”, for example,
to rename cshrc to .cshrc, you can say:

mv cshrc .cshrc
Convert the encoding of those two files by dos2unix command:
dos2unix .cshrc
dos2unix visi_tools.csh
Create a folder named cds:
mkdir cds
Copy useful files to your cds directory:
cp ~ee577/design_pdk/tsmc25/files/* ./cds/
cp ~ee577/design_pdk/tsmc25/files/.cds* ./cds/
Check you have the following files in the cds folder:
Is -a./cds/

.cdsinit // cadence initialized file



.cdsplotinit // cadence printing setup file

cds.lib // cadence library setup file
schBindKeys.il // Binding key files for shortcut keys
tsmc25.spice // TSMC 25 spice parameters
leBindKeys.il // Binding key files for shortcut keys

Now go to the cds folder:

cd cds
Use gedit to-open-cdslib: This step is no more necessary )
it eds.lit

t Format View Help

—

rect to the new machine(viterbi-scfl.usc.edu,
1Tt e i ot ing an o1d Xuinds. ybu may|| Ele Edit View Search Tools Documents Help
-> You should download the current W

1-2. pue to licensing limitations, Xwin reqd Eﬁ = Q @ $ f.f ? lg @

-> If you access the server thru ext - ( 3
http://www.usc. edu/its/vpn/anyconneq | New Open Save | Print... ndo. | L Paste ' Find Replace

1-3. Add the new server info. into the list]| =
W xterm - P [Jcdslib  x
-

smwuﬁwwmiwﬁiékcdcm |-- File Created by Joong-Seok Moon,,; DIV8 at Thu Jun 21

ﬁu;gggg\:iterbi—scfi ~/cds]$ gedit cds,lib & 19:51:00 2001

siyuyueBviterbi-scfl “/cds]s [ -- assisted by CdS_leEdltOr
DEFINE cdsDefTechLib $CDS_INST_DIR/tools/dfII/etc/
cdsDefTechLib

DEFINE basic $CDS_INST_DIR/tools/dfII/etc/cdslib/basic
DEFINE analogLib $CDS_INST_DIR/tools/dfII/etc/cdslib/artist/
analoglLib

DEFINE sample $CDS_INST_DIR/tools/dfII/samples/cdslib/sample
DEFINE US_8ths $CDS_INST_DIR/tools/dfII/etc/cdslib/sheets/
US_8ths

DEFINE tsmc25Lib /auto/home-scf-06/ee577/design_pdk/tsmc25/
tsmc25Lib

DEFINE TALabl /auto/home-scf-06/ee577/cds/TAdesigns/TALabl
DEFINE TALab2 /auto/home-scf-06/ee577/cds/TAdesigns/TALab2
DEFINE TALab3 /auto/home-scf-06/ee577/cds/TAdesigns/TALab3

INCLUDE $CDK_DIR/cdssetup/cds.lib

Ln1, Coll INS

gfClib Or you can you type 'cd ~', whenever
going back to home directory

Go back to your home directory:

cd ..
Copy the cadence environment files to your cds working directory:

cp ~ee577/design_pdk/ncsu-cdk-1.6.0.beta/cdssetup/cdsinit ./cds/.cdsinit
Copy the .simrc file to your cds directory:

cp ~ee577/design_pdk/ncsu-cdk-1.6.0.beta/cdssetup/simrc ./cds/.simrc

Then you can source .cshrc file:
source .cshrc

If nothing comes out, then you’re successful:

ﬁ [siyuyueBviterbi-scfl “1$ i '




Please remember that you need to source .cshrc every time you login before running
virtuoso. You don’t need to repeat other steps though.
To run virtuoso, now go to cds directory: (always run virtuoso in the cds directory)
cd cds
And open virtuoso: (by adding & you can use virtuoso and xterm and the same time)

virtuoso &
TS Ctrary Manager: WorkAeem: fhamerect 03 cryayae et e B (oo o
Eile Edit ¥iew Design Manager Help cidence
,:Sha'\'/'\'rnca\'i'éaomé __ Show Files
Library Cell Vi
b2 xterm v

[siyuyue@viterbi-scfl “1% source ,cshrc

[siyuyue@viterbi-scfl “1% cd cds

[suuuueviterbi-scfl “Veds]$ virtueso & poBL el Pars

[1] 24741 _igital_Parts

[siyuyueBviterbi-sefl “/eds]s [ MCSU_TechLib_ami0s

NCSU_TechLib_ami1&
NCSL_TechLib_hpo6
NCSU_TechLib_tsmec0Z
NCSU_TechLib_tsme0Zd
NCSU_TechLib_tsmc03
NCSU_TechLib_tsme03d
NCSU_TechLib_tsmc04_4mMzP
US_Bths

analogLib

basic

cdsDefTechLib

demoe

laby

sample

Messages

Warning: The directory: Yauto/home-scf-06/ee57 7/cds/TAdesigns/TALahS' does not exist

but was defined in libFile Yhomersct-03/siyuyuescdsicds ik’ far Lib 'TALab3'.
Warning: The directory: Yauto/home-scf-06/8857 FodsTAdesigns/TALahZ' doas not exist

but was defined in libFile Yhomessc-03/siyuyue/cdsiods ik’ for Lib TALabz',
Warning: The directory: Yauto/home-scf-06/ee57 TiodsTAdesignsTALah1" does not exist

but was defined in libFile Yhomessci-03/siyuyue/cdsiods lib' for Lio 'TALab1*
Warning: The directary: Yauto/home-scf-06/2e57 Tidesign_pdkismc2Basmo2Elib' does not exist
but was defined in libFile Yhomessc-03/siyuyuescdsiods lib' for Lib tsmoz5Lib°

il

+YARNING* The directory: '/auto/home-scE-0b/eeS77/design pdk /tsnclS tsncZSLib' does not exist
but was defined in LikFile '/home/scf-03/sivuyue/cds/cds. lib' for Lib ' tamc2SLik

Done loading NOSU_CDE customizations g

Loading rte cxt =

:

nmouse L Iz R:
1] =

Make sure you can see those NCSU_XX libraries and then you’re all set!



.cdsplotinit Il cadence printing setup file

cds.lib /I cadence library setup file
schBindKeys.il /I Binding key files for shortcut keys
tsmc25.spice /I TSMC 25 spice parameters
leBindKeys.il /I Binding key files for shortcut keys

. Make sure you can run cadence tool by typing.
%which virtuoso
/usr/usc/cadence/2009/1C610/tools/dfll/bin/virtuoso

. Go to your home directory, open your .cshrc file and add the following lines at the end of this
file:

setenv  CDK_DIR /home/scf-06/ee577/design_pdk/ncsu-cdk-1.6.0.beta

setenv CDS_Netlisting_Mode Analog

. Close the .cshrc file and source this file by typing the following command:
% source .cshrc

. Open the library file cds.lib which is located in your cds directory. Just add the following line
to cds.lib. Do not remove existing contents in cds.lib:
INCLUDE $CDK_DIR/cdssetup/cds.lib

Go to your home directory. Copy the cadence environment files to your cds working directory
by typing the following command while you are in your home directory:
%cp ~ee577/design_pdk/ncsu-cdk-1.6.0.beta/cdssetup/cdsinit ./cds/.cdsinit

Stay at your home directory. Copy the .simrc file in your cds directory by typing the following
command while you are in your home directory:
% cp ~ee577/design_pdk/ncsu-cdk-1.6.0.beta/cdssetup/simrc ./cds/.simrc

Note that the name of the file that you are accessing is “cdsinit” but you need to save it
as “.cdsinit”. Also note that you may already have a “.cdsinit” file from the past in your
cds directory. In this case you still need to overwrite it by this new file.

. Always invoke "virtuoso" in your ~/cds directory because all setup files are in this directory.
Type virtuoso & at the command prompt. The “&” is for background execution, it is useful
when we want to keep the command prompt in the same console.



Basic Design Flow

1. Overall design flow

Following flow chart shows overall design flow.

Schematic
Design
Check Layout
Designs l Design
E Check Designs

- Save & l
Check
Error
l No Error

Set
ADE

!

Specter
Simulation

Error

—

No Error

Error
Extraction » -
Set No Error
ADE

Requirements met l

Requirements not met

Specter
Simulation

)

Requirements not met

LVS:Layout vs. Schematic
DRC: Design Rule Check

ADE: Analog Design Environment Requirements met.
Done



2. Create Library

For prompt to access for higher tiered license, click “always”.

-
ﬁ Upgrade License =

Would you like to try to get a higher-tiered license

) {deLicense-7) Could not get a license for Schematics L.
|
L
\) to run this product?

k No | Always )| Never )

A. Tools - Library Manager

[ Yirtuoso® 6.1.2 - Log: fhomelscf-104inkwonhwi/CDS. log

File Tools Options Help cadence
LUAULTIY =88 L LTI . LIS ELT LUl ool TSP I TED
*WARNING* enwSetWal: Can't set the walue of wariable 'modelPath’,
in tool[. partition] 'hspicel.enwOpts' - it has not been registered.
Loading MCSU SKILL routines. . . e

Done loading NCSU_CDE customizations.
F

nmouse L I R:

1| =

B. File > New - Library

£ Library Manager: WorkArea: /home/scf-10finkwonhw/cds

Edit Wiew Design Manager Help cadence
ul
Cell Wiew..
Category.. |~ €l Yiew
=}
00_Camplete_Index_00
Load Defaults... Current_Sources_Index e
Save Defaults... Diodes_Index
H_Spice_Cnly_Indes
Cpen Shell Window...  Cirl+P MOS_azd
MOS_dza
Ezit Cirl+ Microwaye_Parts_Index
SO TECHL oMo MCEU_fnalog_Parts
MCSU_TechLib_tsmc03d M_Transistors_Index
MCSU_TechLib_tsmc0d_4MEP F_Transistors_Index
analoglLib Parasitic_Devices_lndex
basic Pmoscap
cdsDefTechLih FE_L_C_Index
Log file is "fhomesct10finkwonhwicdsdibtdanager.log".
B Il Vil

Mews Library A




Give a name and attach it to a technology library

-~ Library

Mame demo|

Directary |a fhamessci-10d4nkwonhucds)’

%% Technology File for New Library

Technology File for library "demo”

You can: s Compile an ASCH technology file
' Reference existing technology libraries
@ Attach to an existing technology library

' Do not need process information

m"CanceI" Help )

. [ cdslib
CaLvs [ initesh
S inkwon [ leBindKeys.il
A spectra_sample [ lib.defs
dtechfiles [ libManager.log
Ritestz [ likktanager log.cdslck
R tests [ schBindkeys.il
[ ade_vivalog [ tsmec25.spice
[ ade_viva.log.cdslck
File type: | M
~Design M
Use NOMNE
Use Mo Dk
m ( apply ) (cancel ) (Help )

P& Attach Library to Technology Library

Mews Likirary demo

Technology Library

NCSU_TechLib_=mi0f
NCSU_TechLib_=mile
NCSU_TechLib_hpla a
NGSU_TechLih_ tsmc02

NCSU_TechLib_tsmc02d
NCSU_TechLib_tsmc(3

m"Cancel.”..ﬂ«pply""Help"




3. Schematic

A. Create a cell view

select the library just created, File->new

rary Manager: WorkArea: fhome/scf-10/inkwonhwicds

Edit  Wiew Design Manager Help
wi Library...

Category.. Cell

Load Defaults...
Save Defaults...

Cpen Shell Window...  Cirl+P

Exit Clrl+x
TCSU_TECHLT_TEMC0ad
WCSU_TechLib_tsme0d_amzF
analoglib
basic
cosDefTechLib

i

Laog file is "thomessc-10dAnkwonhw'cdsddibbanager lag”
Created new library "dema" at shomesscf-10/nkwanhwrcds/dema.
DE was auto refreshed.

=
A

& New File

~File

Library |dema n

Cell inw

Wiew schematic

Type |schematic n
~fApplication

Open with |Schematics L n

__ Always use this application far this type of file

Litirary path file
Jhome fscf-10 /inkwonhw /'cds fods. Lib

Cancel | Help I

Mew Cell View

orkArea: fhome/scf-10/inkwonhwicds

MCEU_TechLib_amidf
MCSU_TechLib_amilg
NCSU_TechLib_hpOB
MCEU_TechLib_tsmc0z
MCEU_TechLib_tsmc0Zd
RMCSU_TechLib_tsmc03
MNCSU_TechLib_tsmc0d3d
MCSU_TechLib_tsmeod_amzp
analogLib

hasic

cdsDefTechlib

File Edit ¥iew Design Manager Help cadence
_ Show Categories __ Show Files
~ Library -~ Cell - View
demo iny schematic
NCSU_Digital_Farts [ iny |

Y

Log file is "/homessct10/nkwonfwcds/libManagerlog”
Created new library "demo” at shomessci-10¢inkwonhwycds/demo.
DB was auto refreshed

al

-




B. Draw a schematic
i.  Add instances — pmos
You can modify Width of transistors. Don“t modify length unless you have a special purpose.
You should selecta NCSU_Analog_Parts library.

irtuoso® Schematic Editor | Editing: demo inv schematic _)ﬁ Add Instance @
-

Launch File Edit View @E Check Options  Migrate Wind
BN In Lilirar WCSU Analog Parts Bronvwse
I & & % = / —raea SIOEE
= 1 Wire (narrowy W call o=
B 1 wire (wide) Shiftety' P
W2t Wire Mame... L i
— m Wiey 1
Met Expression... SWIbD
B & Fin P Mames
l cock Shifte! .
......... . Cellvi A |
gsldv;‘;m ' _ Array Riows 1 Columns 1
Mote .
Patcheord. N 4 Rotate Ab Sideways = Upside Dawn
Frobe ]
MultiSheet. . i
A temc?0P
........................ Model Type . system _ user
R | 1Ltinlier 1
AP | o1 1
........................ Witdth (grid units) 6
R | i ith A00n M
........................ 3|:||:|n M
_Enouse - Length {grid units) 4
1(2)| Instance... Length S00n
200n M
(e B '
Lo Censy it s - g@@ Drrain diffusion area 1.5e-13
Commands  Help cadence
Source diffusion area 1. 5e-13
I il - Drain diffusian perimeter 1.6u M

CEU q
Flaten wCSU_Digital_Parts o i

WCSU_TechLib_ami0g Source diffusion perimeter 1.6u M
Filter ~ MCSU_TechLib_ami1g
MCSU_TechLib_hp0g
MCSU_TechLib_tsmc0z2

Drain diffusion res sguares

Uncake yCsU_TechLib_tsme02d o

CONTEN 1C5U_TechLib_tsmcOd Source diffusion res squares

curren NCSU_TechLib_tsmc03d

Diodes MCSU_TechLib_tsmc0d_4mzP !

H_Spic analogLib Wirtuoso-XL layout cell

Microw hasic ) ) )

Misc_p demo Drain diffusion length

N Tran inksan

P Tran 1951 q q

— T esta Source diffusion length

Parasi

Al _ _

Spectre_Only hd Temp rise from ambient
Estimated operating region [sat

m Cancel Defaults Help




Virtuoso® Schemat

Launch File Edit ¥iew Create Check Options Migrate Window MCSU  Help cadence

P d s Dmx O s e QA E PR L L E

mouse L: h: R:
102)] > Crng: S8l 0

ii.  Add instances — nmos, vdd, and gnd

uoso® Schematic Ed

Launch File Edit Miew Create Check Options Migrate Window MNCSI Help (éden(e

el CE X @ e QR B LL e E

mouse L: It R
12)] » Cm: Sel: 0




iii. Add wires: Create = Wire

Launch File Edit Miew Check Options Migrate Window MNCSU  Help cadence
JE nstance... | _ _ _

(= I P ¢ |Q Q@M% 11X -®E
W e ide) Shiftew . . . . . . . . . . . . . . Ly
al

< Wire Mame L

Met Expression...

= Fin... P
Block... Shift+]
Cellview
Salder Dot
Mote
Fatchcaord...

Probe
rultiShest. .

Imouse L: showiClickinfog h: schHikdouseFoplp R: schHitousePopUpd |
12| = | Cmd: Sel: 0

Launch FEile Edit ¥iew Create Check Options Migrate Window NCSU Help cadence

™ d 0 MW X @ ¢ 1 Q& & |95 1 1L & » B

mausge L: Id: R:
1) = Cr: Sel: 0




iv.  Add pins: Create - Pin

uoso® Schematic Editor L Editing: demo iny. schematic

Launch File Edit ¥iew mﬂ Check Opfions  Migrate  Window MNCSU Help cadence

B nstance... | - . :
=0~ =k~ e IlQ Q & B | 1 1 = -»
. 1 Wire (narrow) W - 1 .

. Bl L wire (wide) shitew B : : : . . . ] ] ] ] _ _ _ . N iy

Wire Mame... L

Met Exprassion...

Shift+!
Cellview
Solder Dot
Mote
Fatchcord...
Frohe
kultiShest...

L (1]
nmouse L: It:
1| Pin. P

| Cma: sei: 0
We have for different types of direction. For schematics, we only use two types, input and

output. InputOutput type is for supply changes, and it is necessary only for layout. We will
discuss about this later.

Pin Mames in Fin Mames “out

Directian input n Bus Expansion & ) piraction input n Bus Expansion & qf
input

Usage autput Placement & | uUsage Placement & i
inputCutput inputoutput
Fwitch '

Attach Met Expres smm———=—rm——— Y85 attach Met Express-rgﬁ.lti;—m-—u Yes

47 Rotate 1k Sideways = Upside Down [ ¢ 4 Rotate ) |4k Sideways | | =5 Upside Down) | Shi

[ Hide JESENEH M
e




rtupso® Schematic Editor. L Editing: demo in¥ schematic

Launch File Edit Yiew Create Check Oplions Migrate Window MNCSU Help cédence

I @ 5% 0 mx 0@ ¢ QK &R|I%1LL e

nmaouge L: ht: R:

CIE Crnd: Sel: 0

Check and save 2> @ to make sure there are no errors.

Now, we completed a schematic design.

C. Create a symbol (Optional)
For hierarchical design, we may need to make symbols of designed circuits.

¥irtuoso® Schematic Editor. L Editing: demo inv. schematic

L h o Eil Edit ¥ Check Opf M te  Wind NCSU  Hel - -
e o p-l = = Create = CellView = From Cellview
i = =S i S PO = [ =~ O I

—_— 1 Wire (narrow) W e — — =

L wire (wide) Shift+'w
: wire Name L

Met Expression

-= Pin P
Block. Shift+
Solder Dot
Haote
Patchcord.

Probe . C
hultiSheet... ST ..

From Pin List
Fram Instanc

gnd! L

mouse L: showClickinfof) I: schHitousePopUp()
1) >




)é Cellview From Cellview E]

Library Mame

Browse
Cell Name “in ]
From View Mame |schematic n To Wiews Mame symbol
Tool / Data Type | $chematicsymbal n
Display Cellview  »
Edit Options ¥

Cancel Defaults Apply Help

)é Symbol Generation Options E]

Library MName ~ Cell Name  Miew Name )

inwv symbol

Fin Specifications Attributes
Left Pins  in (it
Right Pins | out | _List.
Top Fins [ | ﬁ
Bottom Pins | List

—

Exclude Inherited Connection Pins:

& Mone &l L Only these:

LoadiSave Edit Attributes Edit Labels Edit Properties

E Yirtuoso® Symbol Editor; L Editing: demo iny. symbol

Launch Eile Edit Yiew Create Check Opfions Window Help cadence

I @ H kX 0E ¢ IR QA% .

U}

nmouse L. Iz R:
a5y > Cra: Sel: 0




£x Library Manager: WorkArea: /home/scf-10/inkwonhw;cds EE®E

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

Library Cell View

demo iny symbol

MCSU_TechLib_hpo6 liny | exiracted

MCSU_Techlib_tsmc0Z layout

MCSU_TechLib_tsmc0Zd schematic

MCEU_TechLib_tsmc03

MCSU_TechLib_tsmcO3d

MCSU_TechLib_tsmcO4_4mzp
Us_sths

analoglib

hasic

cidsDefTechLib

sample

Messages

before DEFINE hasic
in fhomesscr-10/nkwonhwcds/cds.lib
Or remave ar comment out DEFIME basic
in fhomessci-06/ee577/design_pdk/ncsu-cdk-1.6.0 beta/cdssetup/cds lib e
to suppress this warning message.
[

b d

L I

Remember that when you use more than one symbol in schematic, they all will have common
Vdd and Gnd even if there are one Gnd and Vdd for each symbol (in the original design). To
design with symbols in layout, you should make sure that all of the Vdd and Gnds are
connected.



4. Run Spectre simulation (Transient analysis)

We will run spectre simulation. This section is for both schematics and layouts. | will show an
example for a schematic. You can do the same thing for a layout.

A. Launch ADE (Analog Design Environment) L

Launch = ADE L

¥irtuoso® Schematic Editor L Editing: demo iny. schematic

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

ADE L

SDE XL
ADE GHL
Layout XL
Layout GHL
Schematics L
Schematics XL

i % @ & e 1R QaQa@[HB 1L L™ »E

Hierarchy Editar

Mixed Signal Options  »
PCD

Simulation ]
Diva
Farasitics

nmouse L: Iil: R:
1@ = Crmd: Sel: 0




B. Basic setup
Check if your simulator is spectre. You can modify project directory.

¥irtuoso® Analog Design Environment (1) - demo iny schematic

Sgssionm&nalyses Wariahles Outputs  Simulation Eesults Tools Help

cadence
Il Status: Design
Design 3| lyses
T tadel Libraries ... pe  |[Enahle | Arguments | ‘é
Temperature .. . AC
Stirauli ... b
Simulation Eiles TR
MATL AESimulink » Ly @
[l -
Environment ... -
uts i.a..
MName/Signal/Expr |¥alue |Plot |Save | Sawe Options | e
B il il @
< i B Flotling mode;  |Replace n h R/
=

p—
.

4 | Simulator/Directory/Host ...

Simulatar

Froject Directory —
Host kMode ® local o remote o distributed

»

iI Cancel J| Defaults || Apply JI Help |

C. Model Libraries

You can download a library file at the DEN blackboard.
Put the tech file under /home/scf-10/your-user-name/cds/techfiles/

n ¥irtuoso® Analog Design En¥ironment (1) - demo iny schematic |z ._]E]
Session o Analyses Variables Outputs  Simulation Results Tools Help cédence
Il Status: Design ..
Simulator/Directory/Haost ...
Design Wal lyses
Mame| pe |Enahle | Arguments | &
Temperature .. - AC
Stiruli .. B
Simulation Eiles .. TR
MATLAB/Simulink » L @
LLLITE
Enviranment ... =
uts ‘l e
Mame/Signal/E=pr  |Walue |Plat |Save | Save Options | e
B il Ry @
il L B Floting mode: | Replace n e
N i \@
4| Model Libraries ..




}7 spectrel: Model Library Setup

todel File | Section |

[ QK JIL Cancel || &pply JI Help |

Please only use the provided tsmc file because some tsmc files does not work correctly.

D. Stimuli

Define input signals include supply nets (for layout, vdd! and gnd! are under inputs and both
should be enabled.)

n ¥irtuoso® Analog Design Environment (1) - demo iny schematic

Session BEEINE Analyses  Mariahles  Outputs  Simulation  Besults Toaols Help

cadence
0 Status: | 229 -
=  SimulatorDirectory/Host ..
Design Yal lyses
Bamel  Model Libraries ... pe  |Enable | Argumerts | &
Temperature ... . AC
Stimuli .. w B
. . . s THARS
Simulation Eiles ...
MATLAESimulink N _ @
11} -
Environment ... -
— Lits i..a_,
MamesSignal/Expr |value |Plot |Save | Save Options | o

= LB 111

Flotting mode:  |Replace n

b

- QO X

::_D
5.

- L
L 111

b

=

4 [ Stimuli ...




Glohal sources

Input (change)

™% setup Analog Stimuli % setup Analog Stimuli

Stimulus Type o Inputs @ Global Sources

oM

wdd | ,.-"'g'ruﬂ.! Vljlt.a_g'E: dc "0OC "u'lj]_t.Ei_g'E "=1 E

Function [dC n

1.5

Enahled »

Type [l

DC voltage

AC magnitude

&C phase

¥F magnitude

PAC magnitude

PAC phase

Temperature coeficient 1

Temperature coefficient 2

Mominal temperature

Source type de

Moise file name

HMumber of noisedfreq pairs 1]

Frag 1

Moise 1

Freg 2

Moise &

Crmm 2

m'-CanceI"'-Apply-'u

stimulus Type & |nputs _ Global Sources

0N  in fgnd! Woltage pulse g 1"=0 "Wolt:
& 1]}

Enahled « Function |pulse n Type L}ﬂ

DC voltage

AL magnitude

&C phase

HE magnitude

PAC magnitude

FAaC phase

Yaltage 1 1]

Yaltage 2 1.5

Fetiod 2n

Delay time 1]

Rise time 200p

Fall time 200p

Fulse width In

Temperature coefficient 1

Temperature coefiicient 2

Maminal temperature

Brmmem fHome e
ml,' ' Cancel"}l," .f-‘-.pply'][;
— A —— ]

Remember to check Enabled button and then press OK or APPLY otherwise you will lose the

configured numbers.



E. Choose a type of analysis - transient

You can choose ,,dc* if you want to do dc analysis

n ¥irtuoso® Analog Design Environment (1) - demo iny schematic

LB
b

=] -
F

Session  Setup Yariahles Outputs  Simulation Besults Tools Help cadence
Il Etatus: Ready or: spectre
Design Yariahles Analyses
Mame | | Type |Enable | Arguments | L%
F
& AC
b
s TRARE
- 111} ) N @
Outputs

ia-ﬁ-r

. B
e

MamesSignal/Expr

|value |Plot |Save | Save Options |

Flotting m

= Results in _/scH10dnkwonhwicadencessimulation/iny/spectredschematic

X
@
Q

Replace n

-
ade: .

=] -
P

4| chaose ..
.)‘l:' Choosing Analyses —- ¥irtuoso® Analog Design Environment (1)
A. ChOOSG tran Analysis & fran o dc o oac s noise
woxf i sens s domatch s osth
B. Give Stop time which means wRowsp el pss
wopac o psth o pnoise o sl
how long you want to O PSP w gpss w gpac  w gpnoise
simulate o ap o gpsp
Transient Analysis
C. Select moderate as accuracy Stop Time  6n
defaults accuracy Defaults (errpreset)
_ conservative » moderate _ liberal
D. Do not check Transient . .
— Transient Moise
Noise :
Enabled W Options..
E. Check Enabled
OK Cancel Defaults Spply Help




F. Select signals to plot
Outputs - To Be Plotted > Select On Schematic
Click a signal (Pin) on a schematic/extracted. In Extracted try to use pins for signal that you
need in the simulation because it is hard to select a net in the extracted view.

n ¥irtuoso® Analog Design Environment (1) - demo iny schematic BEXE
Sgssion Setup  Analyses  Mariables mma dimulation  Results Tools Help cadence
Il Status: Ready T=27 C  Simulator: sp Setup ..
Design Y ariables To Be Saved »
Mame Yalue &
| |r—-1 Select On Schematic |
Save All L. & AC
o ot
e TRARS
4 : 1] -] - D @
_| Outputs i..a..
MamesSignalExpr [¥alue |Flot |Save | Save Options | =
el B i VB @
ol il B Flotting mode:  |Replace n T

—
“o.

= Results in fsct-10dnkwonbvwdcadencessimulationfinw/spectre/schematic
4| Select On Schematic

G. Run simulation
Simulation = Run

¥irtuoso® Analog Design Environment (1) - demo iny schematic

Session Sefup  Analyses  Mariables Dutputs m Besults Tools Help cadence
Il Status: Selecting outputs to be plotted...  T=27 C( Metlist and Run
Design Variables Analyses Stop
Marme | Walue |r_1 _ Type Device Checking ... guments | &
1 fran Cptions b & ac
Metlist » w0
o T
Cutput Log ... "
- Convergence Aids  » e @
b "
_| Outputs |i..g..
MamesSighal/Expr  |¥alue |Plot |Save | Save Options | =
1 out ¥ ally
Zin » ™ ally X
e : 11111 : N @
- L] B Flotting mode:  |Replace n e
= select on Schematic Outputs to Be Plotted W\
4| Run




demo iny schematic : Feb 7 11:55:34 2010 &

File Edit Frame Graph Axis Trace Marker Zoom Tools Help cadence
Gr#ENFEBE #a i ME Xt AL
Transient Response |1—|

1] 1 2 3 4 5 :
5.37ns| 937.58mv tirne (ns)

@ = graphl selected: double-click to bring up attribute dialog.

If you see a waveform like above picture, you followed every step properly.
Good job!.

H. Measurement
The following steps describe the measurement of rise time. Using similar steps other

parameters of delay, fall time can be estimated.

Invoke the calculator or tools-> calculator , select the Wave radio button:

B Virtuoso (R) Visualization & Analysis L Calculator - (o x|

File Tools Wiew Opfions Constants Help cadence
-| Fesults Dir: /h 07/eshharga/simulztiondi o o
Wt [ v | wde [ ovs [woop wovar [oovn oosp o vswr wohp wozm

o is o wnz

. OfF  Family & Wave | ¥ clip | Bn &5 (append n\ B

|3 B rw by

Stack:

o opt o mp JIpUyp  Uogd o data

Special Functions ' a8 el
4|5/ B "

average dBm evmapsk gainkargin intersect phasetoise oot

banchwicth delay eyeDiagram  getAsciiWave ipn psd sample 1/2//3] -

clip deriv flip groupDelay  ipnvRI psilib setilingTima

compare dit fourEval hamanic Ishift pzbode slewRate LAIES -

compression ditbh Treq harmonicFreq overshoot pefilter spectralPowe

comprassionyRl il frec_jiter  histn peak riseTime spectum user 1) user 2

convalve dutyCycle frequency  iinteq period_jitter  rms steidew User 3| [user 4]

Cross evmGAM  gainBwProd integ phasefargin  rmshloise tangent

il
stalus area B

51 |




1 rtuoso (R) Visualization & Analysis L Calculator

Eile Tools ¥ew Opfions Constants Help

cad

.| Results Dir:  /home/sch-07/sshharga/simulationinvertar/spectress chem atic/paf
K

wovt i wdc

w ide

vl WS | Op i var

‘o opt s mp

wown [osp oo vewr oo hp ooozm

it [ if (L] wIp i Yp o gd o odata

‘o wng

_ Off _ Family & Wave |« Clip | &7 |append n| H

< D B ron | B g | B fe e ve | 6

K

status area
a1

~Stack

)

@

[ B[R
|Special Functions l:Jl:J =

el

Favnrites reect phaseMoise  root thd =
Wath psi sample unity GainFreg lllé
radifier WRI psdbb seftlingTime value I
RE Functions ift pzhode slewRate wmas g BL
Srecial FURCHons ershoot pefilter spectralPower  min .
TE Tnametric k. tiseTitne spectrum wwval user 1y
A\'\%D Frogrammed Keys riod_jitter — rms stddey ymax user 3l(u
Skill User Defined Functions asehdargin rmshioise tangent ymin

Memaries = 2

z Virtuoso (R) Visualization & Analysis L Calculator

File Tools Yiew Options Constants Help

A| Results Dir:  /home/sc-07/sshhargasimulationdinyvererspectre’schematic/pst
L

Wovde
W ide

vt [ v Vs w ¥n

ovne

\Op A ovar
woopt omp

OSP A vswr i hp o Zm
wIp wyp  gd i odata

it [ it s

 Of _ Famiy & wave |~ Clip | = |Append n| 8

<l ¢ B Pop | B g

[ B

riseTime

Signal |

Initial Value Type [y at =

Initial Value 0
Fnal Value Type |y atx

| ok (Apply | (Defautts | (GQuit

status area
51|

In the functions window — choose

‘6a1197

Select the rise time option



Select the signal from the waveform

1 E Virtuoso (R) Visualization & Analysis L Calculator

window whose rise time needs to be
determined and click “OK”:

- -
M Virtuoso (R) Visualization & Analysis L Calculalor
Eile Tools Yiew Options Constants Help cadence
.| Results Dir: /home/sci-10/hsunweih/cadence/simulation/inv/spectre/schematic/psf
w vt |l o ovde (o vs [woop o ovar o vn [wosp o vswr o hp o ozm
it | if [wide |ois |wopt womp [wvn2|wzpwyp o gdo data
« Off _ Fanmily & Wave | ¥ Clip | ‘:1/\ Append BI =
P oo oy o
ol B Poo | B2 g | Fe = | Mr ME | 5
(SR ED]
All S ki
L
L [ERER|RATN
riseTime - @ 3) ‘_
Signal [v{"/out" Fresult "tran-tfran") RE o
Initial Value Type |y == b
Initial Value 0 user.Y luser.2)
Final Value Type |y luser 3/ |luser 4.
Final Value 1.5
Percent Low 10
Percent High 30
| K [ pply. (Defauts| | Quit |
P Expression evaluation failed: Expression evaluates to nil
SI é

Click the evaluate buffer =

1

to display results as follows

-|ol =
¢ FEile Tools Miew Options Constants Help cadence
-| Results Dir:  /homessci-07/sshhargarsimulationdiny erter/spectre/schematic/pst
L
oo vt [ vl [ wde | oS [ Op ovar [ wn | Spos vewr o hp ozm
ot o I s dde | is | apt omp o vn oozp ooy oo gd o data
 Off _ Family & Wave | ¥ Clip | &7 |sppend n| =]
l
1.695155e-12
[ ren Mz .
<l D Ba ror | B g | B= = | Me v | 5
~3tack
@ tisaTime(v{"fout" Fresult "tran-tran™y 011.5 110 90 nil "tima" )
Fe
@
o B welaw
i - 4l
1% asinh campare dB10  dnl faurEval  gainBwProd  gp| |
10%%  atan campression dB20  dutyCycle  freq gaintargin ap| ladle]|3 U
Fn atanh compression¥Rl dBm evmQaAM  freq_jiter  getasciwave grd | — — — —
ahs average  convolve delay evmGpsk  frequency  gmax gt| (L8 li”_HLJ
acos b1t cos detiv - exp ga grin qul
acosh  bandwidth  cosh ft eyeDiagram  gac_freq  gmsy hal | [user 1)|user 2
asin - clip cross ditbh  flip gac_gain  gp hal | (yser 3l (usar 4
B il
status area [~
a1

You can also select a signal from calculator for example cos(Vin) as one of the plotted signals and

you can see the results whenever you run the simulation.

Remember to save the simulation setup to use it later. You can do so by clicking on Session -
Save State in the ADE (Analog Design Environment) window. Next time you want to simulate the
same cell, you can reload your configuration by clicking on Session - Load State.



5. Run Spectre simulation (DC analysis)

The following inverter schematic is already created

A. Voltage Source
For DC analysis , the input pin “in” must be altered. The following are the steps to alter the
pin “in” : Create—>instance->NCSU analog parts—>Voltage_sources select Vdc

T
apy 1o [only curent [§ nstance [} The DC voltage must be set to

Show _ system # user » CDF
' 1.5V as shown.

Browse Reset Instance Lahels Display

Prapery Walue Display
Library Mame NCSU_Analog Pacts|
Cell MName wde

Wiew Mame symhol

ok

Instance Mame %0

Add Delete Madify
User Property Master Yalue Local Yalue Display
Ivslgnore TRUE 17 aff '

CDF Parameter Walue Display
AC magnitude [ ] off '
AC phase aff '
DC voltage 1.5v aff '
Moise file name [ ] \ofl '
MNumber of hoisesfren pairs I ] \ofl n
Temperature coeflicient 1 off n
Temperature coeficient 2 off '
off '

it

Maminal temperature




B. Replace Input Pin
The Input pin “in” must be replaced with the above voltage source as shown below

Check and Save (make sure you
get no errors)

C. Choosing Analyses
Launch ADE L, repeat steps Ato D in section 3 of ,,Basic Design Flow except that there is no
“in” input signal this time.

Analysis o fran @& dc — ac . hoise

CH wsens o dematch st Go to Analyses = Choose dc

o Pz isp — envlp ' P35

w pac o psth o pnoise o el

- Zpif - gip - e e Choose,,Component Parameter®,

DC Analysis Select Component, then the voltage source in the
v o schematic, then choose 0 as Start, 1.5 as Stop and
0.01 as step .

Sweep Variable
Component Mame /%0
_ Temperature

__ Design variahla Zelact Component

& Component Parameter Parameter Mame | dc
_ Model Parameter

Sweep Range

e Start-Stop
~ Center-5pan

stat g Stop 1.5

Sweep Type
& Step Size

: o o1
\Lan — Mumher of Steps
Add Specific Points

Enabled v Options. .

m _Cancel J| Defaults J{ Apply J(_F




Make sure that there are no other analyses selected apart from DC

n irttuoso® Analog Design Environment (3) - demo inverter schematic - |EI|5|

Seszion  Setup  Analyses Mariables Outputs Simulation Results Tools Help céden ce

Il Status: Ready T=27 C  Simulatar: spectre

Design Yariahles Analyses
Marme | Walue |r_1 _ Type |Enahle | Arguments | [5
1 dc » 01.510m Linear Step Size Star-Stop A0 ® AL
w DG
e THARE
. : 11} : N @
Cutputs

ﬁ

MNamesSignal/Expr |¥alue |Plot |Save | Save Options |

el I

Ploting mode:  |Replace n

b d

ES

14| Plat Outputs

[
¢
E@@x

D. Run Simulation
Do simulations—> netlist and run. On successful completion we get the following

rﬂ_Ihome,.fscf—D?,.fssbhargafsimulaﬁnn,-‘inverter!spech-ef che _|EI|1|

File Help cadence

el = Ao ]
ahstol(¥) = 1 u¥

shstol(I}) = 1 pa
temp = 27 ©
tnom = 27 ©
tempeffects = all
guin = 1 ps

mazrsd = 0 Ohm
mos_method = s
mos_wres = 50 m¥

do: do = 40 m¥w (2,67 %), step = 10 n¥ (BET mE)
do: de = 120 nv (8 %), step = 10 ¥ (BET mE)
do: de = 190 nv (12,7 %), step = 10 n¥ (BET mE)
do: de = 270 nv (18 %), step = 10 n¥ (BET mE)
do: de = 340 nv (22,7 %), step = 10 m¥W (BET mE)
do: do = 420 nv (28 %), step = 10 m¥ (BET mE)
do: de = 490 ny (32,7 %), step = 10 m¥ (BET mE)
do: de = 570 nv (38 %), step = 10 m¥ (BET mE)
do: de = 40 nv (42,7 %), step = 10 n¥ (BET mE)
do: de = T20 nv (48 %), step = 10 n¥ (BET mE)
do: de = T90 nv (52.7 %), step = 10 n¥ (BET mE)
do: de = 870 nv (58 %), step = 10 m¥ (BET mE)
do: do = 940 nv (62,7 %), step = 10 m¥ (BET mE)
do: de = 1.02 v (68 %), step = 10 m¥ (BET mE)
do: de = 1.09 ¥ (727 %), step = 10 m¥ (BET mE)
do: de = 1,17 ¥ (78 %), step = 10 m¥ (BET mE)
do: de = 1.84 v (82,7 %), step = 10 m¥ (BET mE)
do: de = 1.32 ¥ (88 %), step = 10 m¥ (BET mE)
do: de = 1.39 ¥ (92,7 %), step = 10 m¥ (BET mE)
do: do = 1.47 ¥ (98 %), step = 10 m¥ (BET mE)

Accumulated do load time = 20 ms.

Accumulated do factor time = 0 s,

Accumulated do solwe time = 10 ms.

Accumulated do output time = 10 ms.

Total time required for dc analysis “dc' was 50 ms.

modelPar=meter: writing model parameter walues to rawfile.
element: writing instance parameter walues to rawfile.
outputParameter: writing output parsmeter walues to rawfile.
designParamVals: writing netlist parameters to rawfile.
primitives: writing primitives to rawfile.

subckts: writing subcircuits to rawfile.

0
17|




Now, go to the results=>Direct plot=>DC. Click on the output pin “out” on the schematic and
ESC key to get the following VTC

=101
File Edit Frame Graph Axis Trace Marker Zoom  Tools Help cadence
& 3 # FEE 5 2 & X =Bl o |Lahel
DC Response |1_|
St
1.75

-25
0.0 25 5 75 1.0 1.35 15
BTB.OTmY | 725 71mY de (V)

@ = Selection accumulate mode on.




6. Layout

It“s time to draw layout. Schematics are for verifying your design very roughly. They don“t
consider physical features like parasitic capacitances. After determining your design variables by
schematics, you need to draw layouts.

Design flow of layouts is very similar to one of schematics, but it has additional step which is LVS
check. It is for check if your layout is identical to the schematic or not. Hence, this step is very
important. If your logic doesn®t pass this step, you may lose significant points for that.

A. Create a layout

B Library Manager: WorkArea: fhome/scf-10finkwonhw/cds )‘! Mew File
Edit ¥iew Desigh Manager Help Fle
%&ﬁm Library Libirary demao B
; Category.. CEll Cell inw
: WiE schematic
Load Defaults..
Save Defaults... Type Lschematic n
Open Shell window... Ctrl+P S adexl
“ . Application con
Exit Ctrl+3 )
TICSU_TECTLI_EMCaT Open with
MCBU_TechLib_tsme04_amzP ~ madelkwriter
analagLib _ Ahways use thi: physConfig [ of file
hasic .
cdsDefTechLib ) schematic
de ki Library path I8 sehematicSymbol
e /home /scE-10/1) E;ﬁimg b
Log file is "/homessct-10dAnkwonbw/cdsAibManager log” VEI’”DQ."—'\
Created new library "demo” at /homessci-10/nkwonhwe/cds/demo. :
B sims At reman=d WerilogAMSText
vhl
WHDL AMSText el ) Help
B il _— A/
Mew Cell Wiew




B. Add an instance -

NnMmMos

(I=8=N

1. iire
Rin...

% Wial.

Group

Shape

Lahel.

Device
hultipart Path
Guard Ring

»

P&R Ohjects  »

Micrmvave ]

imouse L: showClickinfol)
2(9) | Instance.. |

M: ddsOpenLibkanag
| #:-345 w320

¥ Show Categories

b ibrary Browser - Create Instance

Library Cateqory Cell
MRCSU_TechLib_tsinc0z2 Everything nmaos
MCSU_Analog_Parts | ml_p
NCSU_Dlgltal_PaﬂS -_-. Unca‘tegnrized m1_p|:
MCSU_TechLib_amidg 5 layout_macros me_m”
MCSU_TechLib_amil6 - ma_m:
NCSU_TechLib_hpOB = sym_contacts el
1 sym_pins M5,
MCSU_TechLib_tsmcOZe metal
MCSU_TechLib_tsmc0d metal?
MCSU_TechlLib_tsmc03c metal3d
MCSU_TechLib_tsmcod_ metald
analoglib metald
haszic metalt
cdsDefTechLib nactiv
demo
inkwan nmos_
test? ntap
testd el
pactiv
- L1 L pmos

Cloze

Filters...

= [Create Instance

Library  NCSU_TechLib_tsmei2 | Bro
Cell ’mms |
Wiew layout
Mames FIl |
Masaic Rows 1 T Columns (1
Deltay 0.8  Deltax 1.6
Halo L Define Halo ...
Physical Only _
2k Rotate Ak Sidewvays %Upside
't-SIﬂ.CEDN |
odel Type & system o user
Multiplier 1 |
Fingers 1 |
Width (grid units) 5 |
Width "300n |
“3000 M |
Length (grid units) "4 |
Length “e00n o |
“200rn M |
Drrain diffusion area ’1.53—13 |
Source diffusion area '1.53—13 |
Drain diffusion perimeter 1eun |
m Cancel Defaults

You can modify width of transistors.



C. Add more instances — pmos, ptap, ntap, and ml1_ploy

)@ Yirtuoso®m Layout Suite L Editing: demo inv layout

Launch File Edit ¥iew Create Verify Connectivity Options Tools MWindow MCSU Help cadence

I'm. p! A-|¢%}°@LEJXO—‘_'~_|@

» | Q = :"5 » ||#orkspace: | Classic n”

&

mause L:

2(5)‘ > H-0715 Y. 415 (FS)Select 0 Sel(M): 0 DRD: OFF CAE: OFF dx: 075 dY:1.75 Dist 1.904 Cmd:

hA: R:

You can select alternate view of a layout. Try,,Shift + f“and ,,Ctrl + f*.

;‘,@ Yirtuoso® Layout Suite L Editing: demo iny layout

Launch FEile Edit Yiew Create Verfy Copneclivity Options Tools Window MNCEU  Help cadence

I G P wl%ﬁdXO—‘:—l@

» || QL » :“5 > |Workspace: | Classic '”

maouse L

2(9)‘ Point at the opposite comer of | X: 015 %: 375 (FS)Seleck 0 Sel(M): 0 DRD: OFF CAE: OFF dx:1.05 d¥:1.35 Dist 1.710 Cmd: Select EEI.

hd: R:




D. Draw metall

There are few ways for drawing metal, but I recommend you use ,path*. It“s quite
convenience than others.

Create > Shape - Path

First of all, you should select metall on LSW window. Default width for metall is 0.3, which
means 300nm (3 A). You can draw metal layer simply by clicking

)é Create Path (%]

Sort Edit Help Width 0.3 Fixed Width
.metall [diw | N Oiffeat i 1
Justification  |center HE
MCESU_Techlib_tsmclz J
Layer | Object| Grid | End Type  [runcate
av | NV | as | NS | 0 0
I| Met Mame [ |
Bovell [acw =] | 45 ROD Object
.nwell |[drw | ’pathEI |
.active [dirw |
.tactive |drw | Snap Mode M v
.nactive [drw | m Cancel Defaults Help
# virtuosos Layout Suite | Editing: demo inv. layout
.nSElEDt’ |drw| Launch Eile Edit View Create ety Copnectivity Options Tools Window NCSU Help cadence
EPSElECt |drw| II Em S ‘c{}:» il % @ o0 | ® 40 eb »‘"C{ ».m:"a = [[warkspace: | Crassic n:
Bl poly ldcw | 0 | I £
.metall dirw
.metalE [dirw |
1= tald |drw |

E metald |drw |
E metals [drw |
.metalcap [drw |
E metalh [dirw |
. Co [drw |
.via |drw |

@ vial [drw |
@ viald [drw | |
.Via-’-l |drw |
@ wiah |drw | l - 3
[ PR EE N I — U T i R SR e A o e )
E nodrc |drw |

Enulpe [dirw |




Run DRC
This step checks if your layout follows design rules.
Verify - DRC

4 virtuo:

ayout Suite L

Launch File Edit VWiew Create

g; demo inv layout

Connectivity Options Tools Window RCSU  Help

IL

2 ool

Extract
CaonclCe
ERC...
LvS.
Sharts...
Probe..
Markers

Checking Method o 1

Checking Limit .

Con

Switch Mames

at s hierarchical . hier w/o optimizatic

full o incremental o by area

rdinate

Run-Specific Command File

Inclusian Limit

Join Mets With Same Mame

Echo Commands

"1o00 Limit Rule Errars

Limit Bun Errors
4

diwalRC. rul

| mouse L: showiClickinfo()
4(14) | DRC

k: hiZooming
H:-0.60 ¥: 690 (FS)Select 0 Sel{M):0 DRD: OFF C

Rules File
Rules Library ¥ " TechLib tsmc02
tachine ® local o remote rachinge
Use Error Database ]
Cancel J| Defaults

ﬁ Yirtuoso® Layout Suite L Edi : demo iny layout

Launch FEile Edit Yiew Create Verlfy Copnectivity Options Tools Window NCSU  Help

cadence

I B s ¢ % £ Mm% 0 k| @

» m Q » m :"‘e‘ » V‘HWurKspace Classic n ’?

i mouse L: showClickinfa g M setDRCFarm()

4(14)| >

‘X 920 v:5.50 (FS)Select 0 Sel(M): 0 DRD: OFF CAE:OFF dx: 345 dY:420 Dist 5435 Cmud:

R: _IxHiMousePaplpg

File Tools Options  Help cadence
ZIU.III.IILd.l.}' UL LULE LU LS IOIT J NLELP S ) = . LIT J.d.yUU.L'
# errors Wiolated Rules B
£ (SCMOS FRule 7.2) metall spacing: 0.30 um
5 Total errors found L=

_nmouse L: showtClicknfag M: setDRCF orm()

'||:>

R: _IxHiMousePapUpg |

-
—_



We have five errors. It is because a gnd metal layer is too close to an nmos transistor.
After modifying layout, run DRC again.

Launch File Edit Miew Create WVerify Connectivity Options Tools Window MNCSU  Help cadence

= Gm P © |<€}° i % @ =F| E 49 ek »|||C.l\ ”__|||:"3 »”|||Workspace: Classic n”.

i mouse L showClickinfog b: sEtDRCFormg R: _ixHiMousePopUpQ |
404)] > | %:440 ¥:455 (FS)Select 4 SelfNy 0 DRD: OFF CAE: OFF dX:-340 d¥:3.70 Dist 5.025 Cmd:

rﬂ_ Yirtuoso® 6.1.2 - Log: /home/scf-10/inkwonhw/CD5.log

Eile Tools Options Help cadence

OFC STalted . . .. FELN = X B W - T AL A
completed ....5un Feb 7 13:44:57 2010
CPU TIME = 00:00:01 TOTAL TIME = 00:00:02

FrEdddtdts Gupmary of rule violations for cell "inw layout! Fhddbdddt
Total errors found: 0 L=
nmouse L: Enter Point fl: R: Pop-up kenu |

1 | aelect the figure to be deleted:

There is no error!!



F. Add pins
We had two pins on a schematic, which are ,,in and ,,out”. Pins are for assigning signals to
physical device, so we assign voltage level of gnd and vdd by using pins. Hence, we have 4 pins

for the layout, whichare ,,in", ,,out™, ,,gnd!*, and ,,vdd!*.

Create = Pin

;@ ¥irtupso® Layout Suite L Editing: demo inv. layout M Create Shape Pin

Launch File Edit iiewm\feri_fy Connectivity  Optio

Shape N Tetminal MNames [in
| = m e @ | 1 :ire PR ERY I keep First Mame v pitety [ RV
»  Display Terminal Mame Jisplay Terminal Mame Cpt

&g ROD Ohject

ROD Mame MectD

rAultipart Path

rode
Guard Ring

]

rectangle . dot o polydon o cin

A0 Type — input < output & inputCutput o
P&R Ohjects  » P P P P P

Group

Microwave Snap hMode orthoganal n

Access Direction o Top o Bottam o Left & Right

- jumper o unused . fristate

¥ any _ MNone

Check ,,Display Terminal Name* if you want to
see pin name on the layout.
Click ,,Display Terminal Option

)é Terminal Name Display

Height 0.3 |

Faont stick n

Text Options » Drafting

_nmouse L: showClicklnfog) — Owerbar
4014 | > X:-2B5 Y:B.70 (FS)S rm n
g
Layer . '
— Pin Layer

Justification centerCenter n

Ak Rotate (| Ak sideways I %I

& c:




Launch File Edit

View Create Verify Connectivity Options Tools Window PCSU Help (éden(e

¢ | % @ oK@ e

».. ||| k:( » ||| :"5 »” |||Wurkspace: Clasmc—n »-

I mouse L:
1@ =

Il
363 Y660 (FS)Select 0 Self): 0 DRD: OFF CAE: OFF dx: 540 d¥: 000 Dist 5400 Cmd:




G. Extract
A layout is just a picture. If you need to run simulation using the layout, you should convert it to
the other format. It is done by extracting. It*s something like compiling a code.

;ﬂ Yirbuoso® Layout Suite L Editing: demo iny layout
)é Exktractor
Launch File Edit ¥iew Create mﬂ Connectivity ¢

= ¢ |+

Extract kethod & flat o macro cell o full hier o incremental

ConclCe..
EFRC..
LWS..
Shorts. ..
Frobe...
Markers »

Wiew Mames Extracted Excell ’excel

Switch Mames Extract_parasitic_caps Set
o —

Run-Specific Command File

Inclusion Limit ‘1000 Limit Rule Errors

Jaoin Mets With Same Mame [ Litnit Run Errors [ [
Echo Commands ~

Rules File "divaEXT. rul

’_TechL ib tsmclZ ]

local o remaote ktachine

Rules Library

<

ktachine

[ ]

Use Error Database

Canhcel Defaults 14|

Select ,,Extract parastic_cap® as a switch name,
otherwise your extracted design won“t have parasitic
capacitances.

nmaouse L: showClickinfol) rd: hiZon

Eile Edit Yiew Design Manager Help cidence

_ Show Categories _ Show Files

Library Cell View
“demo | ) ’exTractedI
WCSU_TechLib_amil1G 4

MCEU_TechLib_hpog layout
MCSU_TechLib_tsmc02 schematic

MCSU_TechLib_tsmco2d
MCEU_TechLlib_tsmc03
WCSU_TechLib_tsmc03d
MCSU_TechLib_tsmcod_4mzP
analoglib

hasic b
cdsDefTechLib

Messages

Log file is "*homedsci=1 0finkwonhw/cdsdibbManager.og".
DB was auto refreshed.

[




H. Run LVS

As | mentioned before, this step is very important for your grading. More complicated design,

more time will be required for debugging LVS.

Verify - LVS

Keep in mind. You SHOULD compare your schematic with EXTRACTED.

;@ Yirtuoso® Analog Design Environment L Editing: demo inv. g

Commands  Help caden
= Jlls e |® B o |9 " "
|||°~ n '|||1I E;gclge._ 3 |}{: Run Directory Lvs Brronis
Create Metlist » schematic » extracted
Likirary  demo demo
cell inw " inv
Yiew ’schematic ] extracted
_Browse || Sel by Cursar | | Browse || Sel by Curs
Rules File "divaL¥s rul " Browe
e
Rules Library & NOSU TechLib tamc02
LWE Options » Rewiring _ Device Fixing
_ Create Cross Reference » Terminals
Correspondence File ’lvs corr file 1 Creat
L -
Switch Mames [ ]
Priority 0 Fun (background n
- Fun JL Cutput Jl Error Display J L tonitor Jl Info

- Backannotate

Parasitic Probe [ Build Analog [ Build Mixed

nmouse L: showClickinfod) d: hiZo

12|

24)| LV5.. |%:-070 v: 785 (F:

I hope all of you will see the following window.
D (%)

. The LV'S job has completed. The net-lists match.

-
X

-

r o

Run Directory: fhomedsct-104Ankwanhwfcds/L VS

If there are errors, you can check the results by clicking ,,Output™ button. ,,Error Display* also

might be helpful.



I. Run Spectre simulation

It is same as schematics. Please follow the instructions for the schematics.

: demo iny extracted

Connectivity Options  Tools  Window NCSU - Help cadence

bl X O AL @) s oeh S IR » 175 o Jrerspsce| B~

18 1Y 18

ADE GHL
Layout L
Layout CE
Layout XL
Layout GXL

[l 075 Y 745 (F5) Gelect 0 SeliM)y 0 DRD: OFF CAE: OFF dx

BCD
Pcell
Simulation »
Dracula Interactive

Parasitics
Werilog-HL
Yoltage Storm

Canfigure Physical Hierarchy..

=
il il il
| Il mouse L: M: R
Z(d)l = modify_plot M 075 ¥:745 (FS)Select 0 Sel(N):0 DRD: OFF CAE: OFF di: dY: Dist Cmd: | T=27 C | Simulator: specire

lemo iny extracted : Feb 7 14:19:032010 13
File Edit Frame Graph Axizs Trace MWarker Zoom Tools Help cadence

Sr#EMFEEBEE » 2B X4 AR

Transient Response m

a 1 2 3 4 i B

Saans| 145927 0 ({0

@ =qgraphl selected: double-click to bring up attribute dialog.

Congratulations!!
You followed all steps | prepared. Let*s do the same thing for more complicated designs.



*Some useful information

Useful Links:

http://www.edaboard.com/
http://www.eda.ncsu.edu/wiki/NCSU_EDA_Wiki

http://www.cadence.com/community/forums/



http://www.edaboard.com/
http://www.eda.ncsu.edu/wiki/NCSU_EDA_Wiki
http://www.cadence.com/community/forums/

