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Schematic Capture
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Schematic Entry

Objective: To create a library and build a schematic of an Inverter

Bel ow steps

explain

t My®esignLim a tai nodn wsef thevsang | |

throughout this course for building various cells that we going to create in the next labs.

Creating a New library

1. ExecuteToolsi Library Manager in the CIW (Command Interpreter Window) open

Library Manager.

2. Inthe Library Manager, execukgle 1T Newi Library . The new library form appears.

3.1l n the

A New L i MyDesignLiboinfthe Name settignp e i

[ Mew Library > |

Library

Mlame kA Diesigrlitbl

Directory |Smnalog-lib/cadence_ms_laks_615/[f@8 (<= =i | [g5gE ==
i =) jaise L netlists ImEGE
CADRCrun 5] jaisez Cape [ 2
CIA1ERC 5] jaise_ams Carc [ 2
CaLws Cjobs CaArc.lwsdi [ ar
S solutions Clibs.oazz Ll ronews [ a=s
S bhanul 3 logs_bhanur 1 stream [ bo
CabpLogs Camodels CaAtechFiles [ ez
5] daiict SR myDesignLlibl [] IDVswGSaswWhDiSparameteril [] cz
Cadig_source [CQneacell [ IDwsvwDSaswvGSparameteril [] cz
Cadocs Caneockt [ Inverter.rst [ ez
;r A bl
File type: |Directories

Design Manager
® lse ROMNE

Hze Mo DikA
Apply Cancel Help

4. In the field of Directory section, veyif that the path to the

library is séb

~/Database/cadence_analog_labs_6&8d clickOK.

Note: New library an also be created directly from @iV by executind=ile - Newi Library

5. A Tachnology File for New librarydo form appear s,

exi sti

ng

S Attachcd anopt i

© 2013 Cadence Design Systems, |
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Technology File for New Library

Technology File for library "kyDesignlib®

You can: o Compile an ASCH technology file
w Reference existing technology libraries

o

« Do not need process information

€ conce

attach to an existing technology library

Help

Note: A technology file is not required if you are not interested to do the lajautise design

6. A fAAttach library to Technology Li b r aform @ppears, select optighg pd k 1 8 0 0

from the cyclic

|'-- Attach Library to Technology Library
M Library MyDesignlihb
Technology Library analogLib
awvTech
basic

7. After creating a new library we a n

Eile Edit Wiew

fieldand clickOK

cdsDefTechlLib

samp le

ancel | &pply L Help

ver i f yibratMdmagnert d e

A

Library Manager: Directory ...analog-lib/cadence_|

Design Manager Help

__ Show Categories

Library

_ Show Files
Cell

My DesignLib

Ry D

analoglLib
avTech
bhasic
cdsDefTechLib
connecilLilb
gpdk1a0
jaise

jaises
jaise_ams
sample
substratelib

8. If we right cl

ick on  tMyPesighLibdb and

sel ect capfindothage r t i e

figpdk1800 library is attached as techLb MyDesignLibo .

© 2013 Cadence Design Systems, |
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Library Property Editor

Library
name MyDesignLib owmner root
group : 0 lasthiodify . Apr 23 02:17:03 2013

readPath  /scratch/analog-lib/eadence_ms_lahs G15/MyDesigrlib

writePath  fscratch/analog-lib/cadence ms_labs G15/MyDesigrlib
UNIX Permissions Mode

ChAmer @ e Group ;=K Other . =

techLibMame gpdkl130

Cancel || &pply | Add | Delete | Maodify | Help

Creating a SchematicCellview

I n this section we wil/| | ear n h o WyDes@nLibdp e n
library and build the inverter schematic as shown in the figure at the start of this lab.

1. In the CIW or Library manager, exectlige T Newi Cellview.

2.Setupthé Ne w windoveas follows:

File

Likarary LAY Designlib n

Cell Inwerter

Wi schematic

Type schematic =
Application

Spen with Schematics L B

. &lwaws use this application for this twpe of file

Libirary path file
chianalog-libscadence ms_labs_ 615 cds. 1ib

m Cancel Help

Note: Do not edit theLibrary path fileand the one above might be differénam the path shown
in your window

3. Click OK when done the above settings. A blank schematic window fdnteeter design
appeas.

Note: Make surehe Library name is same as what we created edilisty Desi gnLi bo.
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Adding Components to schematic

[P 1 1w @

. . , . [ .
1. In thelnverter schematic window, click thinstance fixed menu icon € to display the
Add Instance form.
Tip: You can ao execut€reated Instanceor press.

|' o Add Instance = |
Library gpdlkl1s0]| Browse
Cell
Wieny
Marmes

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

Srray Rowrs 1 Columns 1

42 Rotate Ak Sideways = Upside Down

m Cancel Drefaults Help

2. Click on theBrowse button. This opens up a Library browser from which yam select
components and theymbol view.

| o Library Browser - Add Instance

— Show Categories

Library Cell Views
gpdk1 g0 nmaos swmbol
tAyDresignlib ind view -~ | Lock | Size
Salutions mlres i ads
analoglib mzres auCdl
avTech mares T
hasic mares = spectre
cdsDefTechLib mares m _
connectlib meres -
gpdkl1&0 mimcap
jaise ndio
jaises .
jaise_ams nmos3 . i1l -_
sample nmog3hy
substratelib nmogcap
nmoscapi
nmoghy
nmogrt
nplusres -
Close Filters... Help
—————— e —— ——

You will update the Library Name, Cell Name, and the property vaives in the tablen the
next page as you place each component.
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Instantiatinghe nmossymbolis shownbelowas an example

Add Instance

Likrary gpdkl1E0 BErowse |
Cell Fat T=E-]

Wie symbol

Mames

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

Array Rows 17 Calumns 1
A~ Rotate Ak Sideways = Upside Down

bAodel Mame nmosl
kAultiplier 1
Length 180n M
Total Width BRERS |
Finger Width BRERS | o
Fingers 1 -
Threshald S00n M
Apply Threshold J
Gate Connection & Mone o Top o Bottorm o Both o aAlternate
S0 hetal Width 400n M
Switch S0

Bodytie Type Mone n

Edit Area &amp; Perim (I

Dirain diffusion area E00F
Source diffusion area e00f
Dirain diffusion periphery 3.Eu M
Source diffusion periphery 3. 20 M

Cirain diffusion res sguares

Source diffusion res squares '

Dirain diffusion length

Sonvea diffticinn lanmth i

m Zancel Defaults Help

3. After you complete the Add Instance form, move your cursor to the Schematic window and
left click to place a component.

4. After entering components, clickCancelin the Add Instance form or preBsc
This is a table of components for building the Inverter schematic

Library name Cell Name Properties
gpdk180 pmos Total Width= wp, Length=180n
gpdk180 nmos Total Width = 11, Length=180n

Analog Lab Manual
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If you place a component with the wrong parameter values, us&dhé Propertiesd
Objects command to change the parameters.

Use theEditd Move command if you place components in ®ng location

& 0 m@MxX O T 9 ¢ 449

You can rotate components at the time you plaeent or use thEditd Rotate command after
they are placed

Adding pins to Schematic

1. Click thePin fixed menu icon in the schematic window -

Tip: You can also executereated Pin or pres{.

The Add pin form appears

|- Add Pin x|
Fin Hames |
Direction input n Bus Expansion & of . an

Usage schematic n Flacement & single _ multiple
Signal Type signal n

attach Met Expression: & Mo o Yes

Fropery Mame

Default Met Mame

Font Height 0. 0B25 Font Style stick

42 Rotate Ak Sideways = Upside Down Show Sensitivity ==

m Cancel Defaults Help

2. Type the following in the Add pin formnithe exact order leaving spabetween the pin

names.
Pin Names Direction
in, Vdd, Vss input
out output

Analog Lab Manual
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Make sure that the direction field is set itgput/output/inputOutput when placing the

input/output/inout pinsrespectively and the Usage field is ses¢bematic

3. SelecCancelfrom the Addi pin form after placing the pins.
In the schematic window, execut®indowd Fit or pressf to fit all the components to the

schematic editor window

QX Q G &K
Adding Wir es to a Schematic

Add wires to connect components and pins in the design. 1
L 1

Tip: You can also press thekey, or execut€reated Wire (narrow).

1. Click theWire (narrow) icon in the schematic window.

2. In the schematic window, clicknaa pin of one of your components as the faaint for your

wiring. A diamond shape appears over the starting point of this wire.

3. Follow the prompts at the bottom of the design windowleftalick on thedestination point
for your wire. A wire is outed between the source and destination points.

4. Complete the wiring as shown in figure and when done wiring f®6key in the schematic
window to cancel wirig.

Note: A single node cannot have more than 3 branches.

Saving the Design

1. Click theCheck and Saveacon in the schematic editor window.

E lll 2 @ E

2. Observe the CIW ou"[put area for any errors.

10
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Symbol Creation

Objective: To create a symbol for the Inverter

In this section, you wilcreate a symbol for your invertelesign so yowcan place it in a test
circuit for simulation. A symbol view is extremeignportant step in the design process. The
symbol view must exist for thechematic to be used in a hierarchy. In addition, the syhdm
attachedproperties (cdsParam) that facilitate the simulation and the designaifdinie.

1. In the Inverteschematic window, execu@reated Cellviewd From Cellview.

ThefCellview From Cellviewd window appears. With the Edit Options functiaative, you can
control the appearance of the symbol to generate

Libirary Mame Browse
—

Cell Mame Inverter

L| From View Name  schemafic n

To Wiew Mame symhol

Tool / Data Type  |schematicSymbal n

<

Dizplay Cellview
Edit Cptions

I

@I conce Defaults | Apply . Help

2. Verify that theFrom View Namefield is set toschematic and theTo View Namefield is set
to symbol, with theTool/Data Type set asschematicSymbol

3. Click OK in thefiCellview Fro m Ce | fonmi e wo

4. Then Sy mb o | Ge n e r aindow appeargpArrangenthe @ins the way the symbol
should have them.

11
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- ymbol Generation Options !

Library Mame Cell Mame Yiews Mame

MyDesignLib Inverter symbol

Fin Specifications aftributes
Left Pins in _List
Right Pins outk _List
Top Pins wdd _List
Eoftam Pins  Wss _List

Exclude Inherited Caonnection Pins:

& Mone o all o Only these:

Loadrsave Edit attributes Edit Labels _ Edit Properties  __

m __Canu:el__ ) .-ﬁ.pply__ ) Help ;

5.Click OK inthei Sy mbol Gener dotm. on Optionso

6. A new window displaysvith an automatically creatddvertersymbolas shown here.

Editing a Symbol

In this section we will modify the inverter symbol to look likelaverter gate symbol.

12
Analog Lab Manual

© 2013 Cadence Design Systems, |



cadence’

1. Move the cursor over the automatically generated symbol, until the green reatangle
highlighted,left click to select it.

2. Click Deleteicon in the symbol window, similarly select and delete the outer red rectangle.
3. ExecuteCreatei Shapei polygon, and draw a shape similar to triangle.

4. After creating the triangle preBsckey.

5. ExecuteCreatei Shapei Circle to make a circle at the end of triangle.

6. You can move the pin names according to the location.

7. ExecuteCreatei Selection Box In the Add Selection Box form, clickutomatic. A new red
selection box is automatically added.

8. After creating symHbpclick on thesaveicon in the symbol editor window to save the symbol.

9. In the symbol editor, execukgle 1 Closeto close the symbol view window

13
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Building the Test Design

Objective: To build an Inverter Test circuit using Inverter symbol

You will create the InvertefTestcellview thatwill contain an instance of tHavertercellview.
1. In the CIW or Library Manager, execuiitge i Newi Cellview.

2. Set up thé&ew Fileform as

follows

File
Library

Zell
ey

Twpe

Cpen with

MyDesignLib B

Inverter Test]

Application

schematic
schematic =
Schematics L B

— &always use this application for this tvpe of file

Likrary path file

ichy/analog-lib/cadence_ms_labs_615cds. 1lib

m Cancel Help

3. ClickOK when done. A blanschematic Editorwindow for thelnverter_Test design

appears.

Building the Inverter_Test Circuit

1. Using the component list and Properties/Comments in this table, bulldvéréer_Test

schematic.
Library name Cellview name Properties
MyDesignLib Inverter Symbol
analoglb Vpulse voltagel =0, wltage?=18,period =20n,
(as input signal) pulse width= 10n.
analogLib vdc DC voltage=1.8
analogLib gnd
[

2. Add the above components usibigeate d Instanceor by pressing. =~

© 2013 Cadence Design Systems, |
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1

4.Click Created Wire Name or presd. to name the inpytvin) and outpu{Vout) wiresas in
|.

3. Click theWire (narrow) icon and wire gur schematic.

the below schematic.

5. Click on theCheck andSaveicon to save the design

6. Leave youinverter_Test schematic window opefor the next section.

Analog Simulation with S pectre

Objective: To set up and run simulations on the Inverter_Test design

In this section, we will run the simulation for Inverter and plot the transient; DC characteristics

and we will do Parametric Aatysis after the initial simulation.

15
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Starting the Simulation Environment

1. In thelnverter_Test schematic window, execut&aunch i ADE L
TheVirtuoso Analog Design Environment (ADE)simulation window appears.

Choosing a Simulator

Set the environmernb use theSpectre® tool a high speed, highly accurate analog simulator.
Use this simulator with thimverter _Testdesign, which is madep of analog components.
1. In the simulation window (ADE), execusetupd Simulator/Directory/Host.

2. In the Chosing Simulator form, set the Simulator field $pectre (Not spectreS) and click
OK.

Setting the Model Libraries

The Model Library file contains the model files that describe the nmos and pmos devices during
simulation.

1. In the simulation window (ABL), executeSetup- Model Libraries.

The Model Library Setup form appears. Click tirewse button to addgpdk.scsif
not added by default as shown in tMedel Library Setup form.
Remember to select the section typstasin front of the gpdiscs file.

The Model Library Setup window should looks like the figure below.

16
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spectre0: Model Library Setup

[Madel File | Section |
B Global Model Files
; stat

EEE

m Cancel | Apply | Help

To view the model file, highlight the expression in Medel Files field andClick Edit File.

[z

o
2.To complete the Model Library Setup, move the cursor and Glick

Choosing Analyss

This section demonstrates how to view and select the different typeslgbisto complete the
circuit when running the simulation.

8 AC
w DC

1. In the Simulation window (ADEgxecuteAnalysis - Choose Analysisor click the ~ ™
Choose- Analysisicon.

The Choosing Analysis form appears. This is a dynamic form, the bottom of the form changes
based on the selection above.
2. To setup fotransient analysis

a. In the Analysis section seldn.

b. Set the stoprhe as200n

c. Click at themoderateandEnabled buttors at the bottom, and then cliépply .

17
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Analysis & fran st oC s ac  haoise
st A w 5ens . dcmatch o sth
ot [E s 5P w envip s P58
i f1ac w pstb o proise N
— psp — Opss o gpac — gqphoaize
S [ w fpsp o hb  hbac

w hbnoise . hbsp

Transient &nalysis

Stop Time 2000

asccuracy Defaults (errpreset)

— conservative » moderate __ liberal

— Transient Moise

— Dynamic Parameter

Enabled Dptions...
= —_—

Zancel Defaults Spply Help

3. To set up for D@nalysis

a. In theAnalysissection, seledic.
b. In the DCAnalysissection, turron Save DC Operating Point
c. Turn on th&Component Parameter

d. dick the Select ComponentWhich takes you to the schematic window.

| mm Choo=ing Analy=ce= - Wirtuo=o® Analog De=ign E 5 |

S I Y tran = dc > ac — rnoise
e — sens «_ dcmatch o stb
- — sp — enwlp — pss
- — pstb — pnaoise Pt
— pspP — fgpss s gpac — gpnoise
Ol — Opsp  w hbB — hbac
— — hbsp
= enalwsis
Sawe DC Cperating Point -

Hwsteresis Sweep

Swesp WwWariable

—a mT=m e T
Temperature
. Design wariable Select Component
= Component Parameter P ara e

FACCE] Parasmeter

- Start-Stop
— Center-Span

Start Stop

Swwreep Type

Aautomatic =

Sodd Specific Paints

Ernabled — Options_
= e e s

L o ] Cancel D efaults e Help

18
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e. Select input signapulse sourcen the test schematic window.

f. SelectDC Voltagein thefiSekect Component Parameted window and clickOK.

"Dc
s =CT "AC magnitude”
phase oo "AC phase"
type sccType "Source type"
edgetype edgetype "Type of rising & falling
xEmang z=fm "HEFE magnitude”
pacmag pacm "PAC maugni tuode
pacphase pacp "PAC phase"
===l0 =1 "Voltage 1"
wall w2 "Voltage 2¢
period per "Period"
delasw ad "Delay time"
rise o "Rise time"
f=all £ "Fall time"
width j= "Pulse width"
ol ol "Temperature coefficient
ol o "Temperature coefficient
ruom ruom "Hominal temperature”
- e
m Zancel Help

f. In the analysis formenterstart andstop voltages a$ to 1.8 respectively.

g. Check the enable button and then chgply .

analysis — tran = dc - AC — Nnoise
— =T w— sens . dcmatch o stb
' Pz w SP — Eenvip ' PsS
' pac w pstb . pnoise S
— Psp w CRPSS e gQpac s fgpnoise
et w PSP s hb w hbac
— hbnaoise . hbsp
OC analysis
Sawe DC Operating Point S
Hysteresis Sweep L
Sweep wWariable
Component Mame Fatinl
__ Temperature
__ Design “ariable Select Camponent
» Component Farameter Farameter Mame do
__ MkModel Parameter
Sweep Range
Sl Start 0 Stop 1=
— Center-Span
Sweep Twvpe
S utomatic n
Sdd Specific Points
Ernabled |w Ciptions..
&G —oncel Defaults APy Help

19
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4. Click OK in the ChoosindAnalysisForm.

Setting Design Variables

Set the values of any design variables in the circuit before simul@tthgrwise, the simulation
will not run.

1. In the Simulation windowexecuteVariables 7 Edit variables or click the E Edit
Variables icon present in the ADE L wimv. The A Edi t i ng Desiwjndow Var i
appears.

2. Click Copy From at the bottom of the windowirhe design is scanned and all varialiéaeshd

in the design are listedn a few moments, thep variable appears in the Table of Design
variables sectian

3. Set the value of thep variable:- With the wp variable highlighted in the Table of Design
Variablesclick on the variable namep and enter the following:

Value (Expr) 3u

- Editing Design Variables -- Virtuoso® Analog Design Environmen X |

Selected Yariahle Design Variables

N Hame Value
Marme wp 1

Value (Expry  3ul

fdd | Delete | Change
L L s N s

4

Mext | Clear | Find
A 4

L s

Cellview Variables  Copy From | Copy To
A s % s

m Cancel | Apply Apply & Run Simulation Help

4. Click Changeand notice the update in the Table of Design VaembClickOK to exit.

20
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Selecting Signaldor Plotting

1. ExecuteDutputs i To be plottedi Select on Schematian the simulation window

2. Follow the prompt at the bottom of the schematic window, Click on outpWogt input net
Vin of the InverterTest Pres€Escwith the cursor in the schematic after selecting it.

After setting the transient and DC analysis and also the signals for wave plotting, the ADE L
window will look like the figure below.

H virtuoso ® Analog Design Environment (4) - MyDesignLib Inverter_Test schematic = |8 |X

Launch Session Sefup  Analyses Wariables Outputs  Simulation  Besults Tools Help CEdEI‘I(E
B @l a8 do J
Anal PEX| =
Design Wariables yoes “—’”‘—" ke
_ Type | Enahle| Arguments | =%
MName | Value N INEE ¥ 1018 Automatic Start-Stop /40
5 {ran ¥ 0 200n moderate @
es
®
Outputs 7.8 x| Q
_ MamesSignal/Expr | Yalue| Plat | Save| Save Options |
1 %in ¥ | allw i\
2 out v | aly

> Results in /root/simulation/nverter Testy| Plot after simulation: | fAuto n Plotting mode: Replace n )

limouse L bt R:
11017) | Choose Analyses .. | Status: Ready | T=27 C | Simulatar: spectre J

21
Analog Lab Manual

© 2013 Cadence Design Systems, |



cadence’

Running the Simulation

1. ExecuteSimulation T Netlist and Runin the simulation window to start tf&mulationor the

Q Netlist and Runicon present in the ADE L windowthis will create the netlist as well as
run the simulation.

2. When simulation finishes, the Transient, DC plots autiadgt will be popped up along with
log file.

‘fmg

3. Click on theSplit Current Strip icon to separate the wave plots.

M appiications Flaces  System 63@58’ s38am @
Virtuoso (R) Visualizati;on & Analysis XL S8
cadence

iows:jent Respanse are: Cla B G
D=t 7 E LI B 3

orksp
N

1
@[ & [root@iucjaise:/scratchanal... | €] [virtuoso] VLW] Tinverter_Test] Virtuos0® Analog Design En... | ¥4 Virtuaso [R) Visualization & A...| |88

—

Transient Analysis DC Analysis

22
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Saving the Simulator State

We can save the simulator state, which stores information such as model libraoytfilats,
analysis, variable etc. This information restores the simulation environmigémbut having to
type in all of setting again.

1. In the Simulation window, execuBessiori Save StateThe Saving State form appears.

2. Set theSave State Directoryfield to thedirectory in which the state should be saved. Change
the Saveasfield to state inverter (any valid identifier)Jand make sure all options are selected
underWhat to savefield.

o Saving State -- Virtuoso® Analog Design Environment (4) 3
Save State Cption & Directory o Cellview

Directory Options

State Save Directary -libscadence_ms_labs_6Bl5/MyDesignLib  sicates Browse. ..
Save A5 state_inwverter
Existing States state_ inwverter

Cellviews Options

Libirary rAyDesignlib
Zell Inwverter Test Erowse...
State spectre_statel

Description

Hone

[ |

What to Save

Select all Clear &ll
& Analyses » “ariables & Outputs
& Model Setup » Simulation Files » Environment Options
& Simulator Options & Convergence Setup 0 Waveform Setup
& Graphical Stimuli — Conditions Setup _ Results Display Setup
& Dewvice Checking Setup & Relxpert Setup & Cosimulation Options
& Turbo and FParasitic Reduction » RMDOL Control Setup 0 Distributed Processing
& FParameterization Setup

m Cancel Apply Help

3. Click OK in the saving state form. The Simulator state is saved.

23
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Loading the Simulator State

1. From the ADE window execufgessiori Load State.

cadence’

2. In the Loading State window, set the State nanséate_inwerter as shown

- Loading State -- Virtuoso® Analog Design Environment (4)

|L0ad State Option

Directory Options

& Directory 0 Cellview

State Load Directary

State Mame

Cellview Options

Library ryDesignlib n
Zell Inverter_Test n
Simulator spectre n

lence ms lah

615 "MyDesignlib Browse. .
| ———

Delete State

3. Click OK in the Loading State window.

© 2013 Cadence Design Systems, |
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Likirary FyDesignlilb
Cell Inwerter Test - Simulatar
K —_—
State - Ermwse. . Delete State
—_—
Description
Hone el
N
- L __
What to Load
Select All Clear All
& Analyses & “ariahles & Cutputs
& Pdodel Setup & Simulation Files &~ Environment Options
& Simulator Options A Convergence Setup » Waveform Setup
& Graphical Stimuli — Conditions Setup __ Results Display Setup
& Device Checking Setup & Relxpert Setup & Cosimulation Cptions
& Turbo and Parasitic Reduction » RMDL Control Setup . Distributed Processing
& FParameterization Setup

Cancel Apaply Help
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Parametric Analysis

Parametric Analysis yields infortion similar to that provided by the Spectre sweep feature,
except the data is for a full range of sweeps for each parametric step. The Spectre sweep feature
provides sweep data at only one specified condition.

You will run a parametric DC analysis oretlvp variable, of thepmosdevice of the Inverter
design by sweeping the valuevap.

Starting the Parametric Analysis Tool

1. In the Simulation window, execul®olsd Parametric Analysis. The Parametric Analysis
form appears.
2. In theParametric Analysis window, double click on th&dd Variable field. Then an option

for selecting the variable appears. This option leads to a selection winibva list of all
variables in the desigthat you can sweep. This list includes the variables that appear in the
Design Variables section of the Simulation window.

3. In the selection window, clickn wp, the Variable Name field for Sweep in the Parametric
Analysis form is set tavp.

4. Change th®ange Type, Step ModendTotal Stepsfields in the Parametric Anadis form
as shown below:

Range Type  From/To From — 1u To — 10u

Step Control  Auto

Total Steps 10

These numbers vary the value of thp of the pmosbetween 1um and 10ut ten evenly
spaced intervals.

Parametric Analysis - spectre(4): MyDesignLib Inverter_Test schematic

File gnalysis Hely

Il Ready

F %|@ ¥ O U v|HunMDde:Sweeps&Hanges n| Q@ O |

Variable | Value | Sweep? | RangeType | From | To | StepMode | Total Steps | Inclusion List | Exclusion List |
W au ¥ Fram/To 1u 100 Ao 10
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5. ExecuteAnalysisd Start Selectedor click the 2 Run Selected Sweepison in the
Parametric Analysiswindow.

The Parametric Analysiswindow displays the number of runs remaining in the analysis and the
current value of theswept variable(s). Look in the upper leftrner of the window. Once the
runs are completed tlveave scarwindow comes up with the plots for different runs.

DC Response
Mame ‘Vislwp |

Note: Change thevp value of pmos device back to 3u and save the schematic before proceeding
to the next section of the lab. To do thiseEdit Property option.
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Creating Layout View of Inverter

1. From thdnverter schematic window menu execut@unch i Layout XL . A fiStartup
Optiono form appears.

2. SelecCreate Newoptionand clickOK.

= Startup O ption > |
Fhysical Implementation Startup Options

Lawout
= Create RHNew o DOpen Existing

Configuration
— CTreate MHew . DOpen Existing

- Sutomatic

@I caoncel_bisie

3.AfANew Form appeas, Check theLibrary (MyDesignLib), Cellname(Inverter) and

Viewname(layout).

File
Likirary FyDesignlib n
Cell Inwerter|
WiEn layout
Type lay out n
Application

"1 | open with Layaout L

— &lways use this application for this type of file
Library path file

fscratchsanalog-lib/cadence_ms_labs_615/cds. 1ib

m Cancel Help

4. Click OK from theA Ne w ®indoe. &SW (Layer Select Windowand a blank layout
window appear alog with schematic window.

Adding Components to Layout
=E in the

ALayout E d i 0t Generate iLayaliiofavm appears. ClickOK which imports the
schematic components in to the Layout window automatically.

1. ExecuteConnectivity T Generatei All from Source or click the icon
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Generate /2 Pins FR Boundary Floorplan
Generate
¥ [nstances
_ Chaining _ Folding Chain Folds
¥ /0 Pins

_ Except Global Ping

_ Except Pad Ping
¥ FR Boundary

_ Snap Boundary

Position

inimum Separation: 1 _ In Boundary

Device Correspondence

_ Preserve User-Defined kappings

Connectivity Extraction

# Exfract Connectivity ater Generation

Cancel | Defaults Help

2. Re arrange theomponents with in PiBoundary as shown in the next page.

3. We can stretch the PBoundary to our requirement by executigdit-stretch or click the

stretch icon bid and them the PfBoundary. Presgsc after stretching. We can also use
this feature totsetchWire and routing elements.

Tip: PressSto stretch

&

4. To move the components, exechtdit-Move or click theMoveicon and then click

on the component which is to be moved. . PEs=safter moving.
Tip: PresaM to move.

5. To rotate a compeent, Select the component and exedtdé i Properties. Now select the
degree of rotation from the property edit form.
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6. To know the distance between different components, or to measure the area consumed by the
design, execut&ools - Create Ruler. PressEscafter measurements.

Tip: PresK for ruler.

Making interconnection

1. ExecuteConnectivity T Netsi Show/Hide selected Incomplete Netsor click the
icon in the Layout Menu.

2. Try to move a devic& get the connectivity information, wiicshows the guide lines (or
flight lines) for the inter connections of the components.

3. From the layout window execu@reatei Shapei Path or Create wire or click or
Create1 Shapei Rectangle for vdd and gnd barand select th@ppropriateLayers fom the
LSW window and Vias for making the inter connections

Creating Contacts/Vias
We will use the contacts or vias to make connections between two different layers.

1. ExecuteCreate d Via orclick 3 iconto place different Contacts, as given indvel

table
Connection Contact Type
For Metalt Poly Connection Metall-Poly
For Metalt Psubstrate Metall-Psub
Connection
For Metal: Nwell Connection Metall-Nwell

Saving the design

1. Save your design by selectifrjle 6 Saveor click E to save thdayout and layout
should appear as below
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Physical Verification
Assura DRC

Here we check whether our design obeys the design rules.

Running a DRC

1. SelectAssura - Run DRC from layout window.The DRC form appears. The Library and
Cellname are takefrom the currendesign window, but rule file may be missing. Select the
Technology agpdk180. This automatically loads the rule file.
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| Run Assura DRC Edl

Layout Design Source  (DFII n Compare two layouts Generate Lyl Compare Rules..

Library  MyDesignLih Cell  Inwerter Wiew  Layout Browese..
e

Save Extracted Wiew _ View Mame drec_extracted

Area To Be Checked |Full n

Run Mame ronew Run Directary

—_

Run Location local n
View Rules Files »  Technology gpdk1§0 n Rule Set | default n

L Rules File lib/cadence_ms_lzhs_Bl5./pw/assura/drc. rul WIEN. . Reload
Switch Mames Set Switches
— RS3F Include W
Yariahle Yalue Default Description
Mone n
‘ Wiew avParameters rodify avFarameters... g avParameters are set. |
‘ Wiew Additional Functions ke Mo additional functions are set. |

‘ Enable limitDrcCheck L |

m Cancel Spply Defaults Load State Save State Wiew REF Help

3. Click OK to start DRC.
4. A Progress form will appears. You can click on the watch log file to see tfikelog

5. When DRC finishes, a dialog box appears asking you if you want to viewDyRQrresults,
and then clickresto view the results of this run

6. If there any DRC error exists in the desigrew Layer Window (VLW) and Error Layer
Window (ELW) appearsAlso the errors highlight in the design itself.

7. You can refer to rule file also for more information, correct all the DRC errorRandun
the DRC.

8. If there are no errors in the layout then a dialog box appeardNwitbRC errors found
writtenin it, click oncloseto terminate the DRC run.

@ Mo DRC errors found.
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cadence’

In this section we will perform the LVS check that willngpare the schematic netlist atige

layout netlist

Running LVS

1. SelectAssurai Run LVS from the hyout window.Thefi R u n

A kbVsSauforra appears. It

will automatically load both the schematic and layout view of the cell.

|'-- Run Assura LVS x
Schematic Design Source  |DFII B Use Existing metlist L retlisting Cptions...
Use Werilog Top Cell
Library MyDesigrLih Cell  Inwerter Wiew  schematic Browse...
Layout Design Source DFll n Use Existing Extracted hetlist L
Likrary  MyDesigrlih Cell Inwerter Wiews  Lagyout Browse...
Run Mame ccl Fun Directory
—_
Fun Location local n
Wiew Rules Files o Technology gpdk1&0 n Fule Set  default n
! Esxtract Rules ‘cadence_ms_labs_615/pv/assurafextract. rul WiEn... Reload
— Compare Rules  Log-lib/cadence ms_labs 615/ pv/assurca/compare. rol LTI
Switch Mames Set Switches
— Binding Filels) Wiew..
—  RSF Include WiB..
Wariable Yalue Ciefault Description
Mone n
View avParameters kodify avParameters... 7 avParameters are set.
Yiew avCompareRules rodify avCompareRules. . 1 avCompare rule is set.
| Wiew additional Functions L Mo additional functions are set.
Cancel Apply Ciefaults Load State Save State Wiew RSF Help

2. dick OK to run LVS

3. Oncethe LVS is completed, a window informs that the LVS complsteztessfully and asks
if you want to see the results of this r@ick Yesin the window.
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4. If the schematic and layout do not matche¥S Debug window appearsand you are
directed intdLVS Debug Environment.

5. In theLVS Debugwindow you can find the details of mismatches and you needrect all
those mismatats andRe’i run the LVS till you will be able to match tleehematic with layout.

6. If the schematic and layout mates completely, you will getwindow displayingSchematic
and Layout Match. Close the window to terminate the LVS run.

V5 Debug - rc

File Wiew Opfions Tools Help cadence

Cell List (sch | lay) o Exfract & Compare

*+%+ Schematic and Layout Match

Summary (sch || lay)

Opeh schematic. Cell., Open Layout Cell.. Qne Tog...

20

Assura RCX

In this section we will extract the RC values from thgol# and perform analog circuit
simulation on the designs extracted with R@®€fore using RCX to extract parasitic devices for
simulation, the layout shoulmatch with schematic completely to erestinat all parates will be
backannoted to theorrect schematic nets.

Running RCX

1. From the layout window executssural Run RCX.
2. Change the following in tH@ssura parasitic extraction run formo. SelectOutput type
underSetuptab asExtracted View.
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|' =1 Assura Parasitic Extraction Run Form =

Setup Extraction Filtering Metlisting Fun Details Substrate

Technalogy gpek180 B Ruleset default [ -~

— pZlvsset RORE 5 UserdultRulesets |
= g L

— Setup Dir sratch/analog-lib/cadence_ms_lahs 615/ pwv assurafrox

— RSF Include

L\ iew) | Edil

Rule RSF Include Wiey | Edit

Cutput  Extracted View n Lih DesignLih  Cel Inwerter Wiew aw_extracted

Enahle Cell¥iew Check

Farasitic Res Component presistor Frop Id T

Farasitic Cap Component poapacitor Frop Id o =
Farasitic Ind Component pinductor Frop Id 1

Farasitic b Component prind Frop Id k

Inductance L1 Prop Id indl Inductance L2 Prop Id  ind2

Call Procedure

Substrate Extract MOMNE B Extract MOS Diffusion Res
Extract MOS Diffusion &P L Extract MOS Diffusion High MOMNE n

Substrate Profile HOME B

Library Prefix

Library Directory . I

-~ I ~
14 Il -_
LIOLary UIleT ULy ool Iy o ULIECLUL Y LUl WL LI LUl LIOL S LE CIEdLEL
during the hierarchical extraction of an extracted wiew.
= -~
[ N

m Cancel Drefaults Apply Load State Save State WiemwHSF Help

3. In theExtraction tab of the form, choose Extraction type, Cap Coupling Mode and specify the
Reference node for extraction.

' ORC (Assura) Parasitic Extraction, Run Form
i Setup ﬁﬁ'h Filtering || Metlisting || Run Details || Substrate | =
Extraction Type |rc n Mame Space  |Layout Mames n
hax fracture length “infinits  |microns n Temperature ‘50 C
Cap Coupling Mode | Coupled Ref Mode “gndl
MultFactor 1.0

4. In theFiltering tab of the formEnter Power Netsasvdd!, vss!andEnter Ground Nets as
gnd!
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Enter Power Mets: ::2: —
From File [ =
SelFromSch —
Enter Ground Mets: god! Fy
Fram File el =
SelFromSch —

5. Click OK in the Assura parasitic extraction form when doflee RCX progress form
appears, in the progress form clMilatch log file to seethe output log file.

6. When RCX completes, a dialog box appears, informs youAs®ira RCX run Completed
successfully Click oncloseto terminate th&CX run

|'-- Assura RCX Run x

The &ssura RCH run "rc" completed successfully
The output is in :

Library: kyDesignlib
Cell:  Inverter
View:  av_extracted

7. To view the av_extracted design, execute the following steps from the CIW wiholo/i
Library Manager, select the following
Library —— MyDesignLib

Cell —» Inverter

Double click onav_exracted option undeView field. The av_extraced view of designwill pop

up.
Library Manager: Directory ...analog-lib/cadence_ms_labs_615

Eile Edit Yiew Design Manager Help cadence
_ Show Categories _ Show Files
Library Cell View
tyDesignLib Inverter av_extracted|
tyDesignLib Inverter View -~ Lock H
Solutions Inverter_Test N
analogLib MyDesignLin 4 constraint | root@localhost localdomain
avTech evianragSCRATCHZAER 12347 A layaut rooi@localhost localdomain
basic ) 44 physConfig  root@localhostlocaldomain
cdsDefTecnLi A4 schematic | root@localhostlocaldarmain
canneciLib symbal
gpdk180
jaise
jaised
jaise_ams
samnlr

Analog Lab Manual
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The av_extracted view of the inverter design looks thke

Note: - Pressshift-f to view values of the extracted resistance and capacitance in the
av_extracted view
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Creating the Configuration View

In this section we will create a config view and whistconfig view we will run theimulation

with parasiticcomponen

1. In the CIW or Library Manager, execlige i New1 Cellview.

ts

2. In the Create New file fm, set the following:

File

Likirary FAyDesignlib n
Zell Inwerter

WiEn config

Type config n
Application

Oipen with Hierarchy Editor n

— &bways use this application for this type of file

Library path file

:chy/analog-lib/cadence_ms_labs_615/cds. 1ib

Zancel

Help

3. Click OK in createNew File form. The fiHierarchy Editor 6 form opens and &New
Configuration 6 form opens in front of it.

£ Virtuoso ® Hierarchy Editor E]@E]
Eile Edit “iew PElugins e
[ [0 O I I = Top Cell
[ _Top cen X
Library: kAyDesignlib B
Library: I/
Cell: Invertar B
Cell:
Wi =
Wiena B
-
. Global Bindings
Cipen Edif -~
Library List: .
Tahle Wiew Tree View List: —
Cell Bindings Stap List:
- g
Library | Constraint List: .
Descrption
m Cancel Use Template Help

© 2013 Cadence Design Systems, |
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4. Click Use templateat the bottom of th&lew Configuration form and selecSpectrein the
cyclic field and clickOK .

, Use Template E]\

Template

Mame:  [<Others n
=Cther=
AbkAS
aulvs
hspicel

Fram File:

spectre’erilog
systemyerilog
verilog
vhdlinteg

5. Change th@op Cell - View to schematicand remove the default entry from thibrary List
field and ClickOK in the New Configuration form.

The hierarchy editor displays the hierarchy for this design using table format.

Virtuoso® Hierarchy Editor: New Configuration (Save Needed)

File Edit Miew Pluging Help cadence
Jo Bl s s ¢ 018l e J
|_Top Cell 7.8 x| [_Global Bindings 7.8 x|

Library: MyDesignLib Library List:

cell: Inverter_Test Wiew List: schematic veriloga ahdl | ..

Yiew:  schematic

Stop List: spectre
—
Open Edit Constraint List:
Tahle View Tree Wiew
Cell Bindings
Library | Cell | Wiew Found | Wiew To lse | Inherited Yiew List |
ey DesignLib Inverter schematic spectre cmos_sch ...
tyDesignlib Inverter_Test schematic spectre cmos_sch ...
analogLib Yo spectre spectre cmos_sch ...
analoglLib vpulse spectre spectre cmos_sch ..
gpdkian nmos spectre spectre cmos_sch ...
gpdk1a0 pmos spectre spectre cmos_sch ..

Il Mamespace: COBA  Filters: OFF

829 | = 1
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6. dick the Tree View tab. The design hierarchy changes to tree format. The form should look

like this
Tahle Wisw Tree View
Target: Instance
Instance | Wiew To Use | Inherited Yiew List |

B &% (MyDesignLib Inverter_Test..
- [ 10 (MyDesignLib Inverte... spectre cmos_sch cmos.sch schem..
L_) W0 (analoglib vpulse 5. spectre cmos_sch cmos.sch schem...
() W1 (analogLib vde spec.. spectre cmos_sch cmos.sch schem...

Il Mamespace: COBA  Filters: OFF
829) | > 1

7. Click on thel0 (MyDesignLib..) folder icon and clickight, a set of option arises, click Gt
Instance Viewand choosav_extracted.

' Virtuoso® Hierarchy Editor: (myDesignLib Inverter_Test config) E]@@‘
Eile Edit *iew Plugins Help cadence
g = -Jd|l 2 & & O | &5
| Top Cell el §| | Global Bindings 7IE X
Library: [myDesignLib n Libirary List: myDesignLib
Cell: Inverter_Test Set Instance Yie I : - : et
: _ Set Instance Wiew =none=
Wiew: | schematic Expand Instance av_extracted
E=pand By Instance Group layout
E=plain... schematic
2pen
— Cpen... symhbaol
Cpen (Read-Only).. [ Source Fila..
Tahle Wiew Tree YWiew add Stop Point [ Reference werilog..
fiangetinstance Remove Stop Point
Instance | Add Bind To Open.. Inherited “Wiew List |
=B aﬂ;, (myDesignLib Inverter_Test schematic)

Remove Bind To Cpen

[ signLib Inverter schematic) hectre cmos
P ) WO (Al gLib wpulse spectre) spectre cmo
L (2 W1 (analogLib wdc spectre) spectre cmos sc:h Cmos. sc:h

1l Mamespace: CDEA  Filters: OFF
a7 = |
€

=

8. Savethe current configuratior
CloseWindow.

andClose the Hierarchy Editor window. Execuie i

39
Analog Lab Manual

© 2013 Cadence Design Systems, |



cadence’

9. From CIW, executd@oolsi Library Manager .

10.In thelibrary Manager window, select the following
Library —* MyDesignLib
Cell — Inverter_Test

Double click onconfig underView

Library' Manager: Directory ...analog-lib/cadence_ms_labs_615

File Edit Miew Design Manager Help cadence

_ Show Cateqories _ ahow Files
Library Cell View

MyDesignLip Inverter Test confy

WyDesignLin Inverter View - Lock Sizl
Snlutions toot@localhost localdomain -

analogLib My DesignLin J schematic  root@localhast localdomain I
avTech FviadragSCRATCHZAERpTZ341
hiasic
cdsDefTechLib
connectLin
Ipefk180

aise

|aiseZ
Jaise_ams
sariple
sUbstrateLib

11. A newfiOpen Configuration or Top CellViewo form appearsChooseyesin both the
cyclic fields and clickOK.

4 Open Configuration or Top CellView X

Open for editing
Configuration “MyDesignLib Inverter_Test config® & yes o ono

Top Cell Wiew "MyDesignLib Inverter_Test schematic” & yes i no

Cancel | Help

The Inverter_Test schematic and Inverter_Tesifigowindow appearsNotice thewindow
banner of schematic also sta@asnfig: MyDesignLib Inverter_Test config.
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Simulation of config view with Spectre

1. ExecuteLaunch i ADE L from the schematic window.

2. Now you need to follow the same procedure for running the siraaolaixecutingSession

Load state the Analog Design Environment window loads the previous state.

The simulation takes a few seconds and then waveform window appears.

3. Click Netlist and Runicon to start the simulation

Measuring Power, Voltage and Current Level

1. In the waveform window, executBrowsei Resultsi Open results

Virtuoso (R) Visualization & Analysis XL
asurements  Tools  Window M

nSuhwinduws:.DC Res Hesulls = Open Results... Jl?u @e

Opfions w

ers il Export.. B 'ﬁﬂﬁ :%[L

| # Close Results
Beload
DC Responst (2 Set Contest

(Crata Foint

’J

2ARSel ect Wavef dormapdearsDaulbeackcle an the psf option.
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Select Waveform Database 3

Lok in: [E= /rootisimulationdnyverter_Test'spectredschematic n o = O ¢ (2 =
™ Computer netlist
" B psf
72y roat
cadence_
MO
Files of type: &l DB B _cance
A

3. A Brower form appears on left side of the waveform window. OpanOp i V1 (suppy
signal).

We can find the values for current, power and voltage level wigealsfield below browser
form.
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