Cadence Virtuoso

Custom IC Design Using Cadence Tools



INTRODUCTION

Cadence design system provides high performance tools for analog/digital
Implementation, custom IC design, IC packaging & co-design and similar solution.

“Virtuoso analog implementation technology is the industry leader in its market
segment. As such, itis a priority at Cadence to continually enhance the Virtuoso
suite and deliver the sophisticated technology and usability levels our customers
ask for. Virtuoso offer greater capacity, performance, and usability to reduce
overall design time while ensuring high-quality production of analog/mixed-signal
ICs and SoCs.”



Introduction To Cadence Virtuoso

Cadence virtuoso tool is installed in the CentOS operating system . A pre-set working
library has been created for quick access. Open terminal inside the directory and type
the following

Csh(enter)
Source/cad/cshrc(enter)
Virtuoso(enter)

The Virtuoso tool will be opened. Go to the Library Manager for navigating the pre-
installed directories and creating custom directory.

Pre-installed directories:
gpdk045/gpdk090/gpdk180/tsmc180 : core cell library
PDK : stander cell library

analogLlb : voltage/current/cap/res library

Create anew Library:

File/new library/<NAME>(press ok)

Attach to an existing library (e.g. gpdk180)(press ok) # A new library named NAME will
be created




Create Library

Tools = Library Manager
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Overall Design Flow
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Create a New Schematic

 CREATE CELL VIEW: select the library File-New — Cell view(select the type as

schematic) (press OK) .# A window with black background and white dots will
open where the circuit is drawn
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Draw a Schematic

« ADD COMPONENTS: In the Inverter Schematic window Create-> Instance
or press | then Add instance window will open, from where we can select
the component.

== Virtuoso® Schematic Editor
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Draw a Schematic

(Adding Components to schematic )
» Click on Browse in Add instance window. This opens up a Library browser
from which you can select components and the symbol view.

Library Browser - Add Instance
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Adding Components to schematic

» update the Library Name, Cell Name, and the property values given in the table on
the next page as you place each component.

« Instantiating the nmos symbol is shown below as an example.

« After you complete the Add
Instance form, move your cursor
to the Schematic window and

left click to place a component.

If you place a component with the

wrong parameter values, use the
Edit— Properties— Objects command

to change the parameters (for edit
select the component press Q )
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Draw a Schematic

e After you complete the Add Instance form, move your cursor to the Schematic
window and left click to place a component. The component is placed as shown
below




Draw a Schematic

 ADD WIRES: Create-> Wire or press W and join the nodes to be connected.




Draw a Schematic

» ADD PINS: Create-> Pin or press P, select the type of pins to be used and
place them as required.
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Check and Save

* C(Click the Check and Save icon in the schematic editor window.

«® Applications Places System e E(El Z

Virtuoso® Schematic Editor L Editing: mossymbol mylib schematic *
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Symbol Creation

e CREATE SYMBOL: Create -> Cell View -> From Cell View. A From Cell View

window opens for symbol creation. Click OK. The Symbol Generation
options window opens, where pins are to be arranged. Click OK.

Cellview From Cellview ¢ Symhbol Genaration Options
Library Name — Library MName Cell Name Wiew Name
— MyDesignLih Inwverter symbol
Cell Mame Inverter
Pin Specifications Aftributes
- Left Ping in List
4| From Wiew Mame  schematic n —-——
Right Pins ot List
To View Mame symbol e
Top Fins vdd List
Tool / Data Type  schematicGymbol n S
D Bottom Ping Va3 List
et
Exclude Inherited Connection Pins:
i ' W
Bloplay aeliia: g ® Mone o Al L Only these:
Edit Options L
Load/Save _ Edit aftributes Edit Labels _ Edit Properties  _
0 8 Cancel | Appl Hel
Cancel ) Defaults | Apply | Help - : LR DB




Symbol Creation

After the Symbol Generation
options window closes, a
new window displays with
an automatically created
Inverter symbol as shown.

[@instanceNamel

[@partNamel

* Modify the inverter symbol to look
like an Inverter gate symbol using the
option Create -> Shape (as available
In the window like circle, polygon,
etc).



Test Circuit Creation

o CREATE TEST CIRCUIT: Select the library. File-> New—> Cell view(select the
type as schematic) (press OK).

.~ File

Library ryDesignLib =
Cell Inverter Test]
Wiew schematic

Type schematic B
Application

Dpen with Schematics L H

_ Always use this application for this type of file

Libirary path file

:ch/fanalog-lib/fcadence ms labs B615/cds. 1ib

. Zancel Help |




Test Circuit Design

o CREATE TEST DESIGN: Design the test circuit for the inverter by calling the
Inverter symbol created in the same process as the components were
called.




Simulation

SIMULATION: In the Inverter Test schematic window, click Launch—> ADE L.
The Virtuoso Analog Design Environment (ADE) simulation window opens.

H virtuoso® Analog Design Environment (4) - MyDesignLib Inverter_Test schematic — |0 X
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Transient Analysis

 TRANSIENT ANALYSIS: In ADE window, Analysis-> Choose Analysis to setup
analysis. In the Analysis section, select tran, set stop time to 200ns, Click on
the moderate and Enabled buttons at the bottom, and then click Apply.
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DC Analysis

DC ANALYSIS: In ADE window,
Analysis-> Choose Analysis to
setup analysis. In the Analysis
section, select dc, turn on Save
DC Operating Point, turn on the
Component Parameter, and
Click the Select Component.

hE=Tay ECTL

"Bk magnitude"

phase acp "at phase"
type srcType "Source type
edgetype edgetype "Tywpe of rising & falling
Emag fm "HE magnltude"
fuE=Nud E-Tu) pacm "PAC magnitude"
pacphase pacp "PAac phase"
w=l0 w1l "Woltage 1"
wall i "Voltage Z¢
period per "Feriod"
delay td "Oelay time"
rise tr "Rise time"
£fall £ "Fall time"
width pr "Pulse width®
tcl tol "Temperature coefficient
tcl tol "Temperature coefficient
trom trnom "Mominal temperature"
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Select input signal vpulse source in
the test schematic window.

Select DC Voltage in the “Select

Component Parameter window and
click OK.



DC Analysis
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Setting Output Variables

SETTING OUTPUT VARIABLES: In ADE window, Outputs —> To be plotted

—> Select on Schematic.

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

e RUNNING SIMULATION: In ADE window, Simulation —> Netlist and Run

or click Q
e This will create the netlist as well as run the simulation.

M rppacanons Flaces sysem RE DG
B

% wirtuoso (R)

- [roct@ins jaisa:scratch anat... [ [l twiruosol

» The above graphs depict the transient and DC analyses outputs. The DC
analysis graph shows the output value for an input sweep range of 1 to 1.8V.




Parametric Analysis

 PARAMETRIC ANALYSIS: In the Simulation window, Tools—> Parametric
Analysis. The Parametric Analysis form opens.

* Inthe Parametric Analysis window, double click on the Add Variable field
to select the parameter. Change the Range Type, Step Mode and Total
Steps fields in the Parametric Analysis form.

Parametric Analysis - spectre(4): 'f-;lylje EIganh Inverter_Test schem atic

Eile Analysis Help

I Ready
= - q%| = T T ~ | Run Made: Sweeps & Ranges B| © O o |

Variable | Value | Sweep? | RangeType | From | To | StepMode | Total Steps | Inclusion List | Exclusion List |
W 3u v From/To 1u 10U Auto 10|

» Device Sizing: Size variation test help to determine the optimized
transistor size. DC analysis on a inverter is carried out for testing the
performance at various pull up transistor size




Parametric Analysis

Analysis—>Start Selected or click €3 Run Selected Sweeps icon in the
Parametric Analysis window.

e Output waveform of Inverter at various pull-up transistor size.
« From this analysis the optimum device size for best result can be chosen.



Inherited designs

e Semi custom design approach Is necessary for
a short term project. Many optimised designs
can be used with this new design line a
controller or filter.

 Standard cells can also be used with core cells
and the complete design can be fabricated
successfully. The section below shows steps
on designing a cell that uses both core cells
and the earlier made designs.



Inherited designs

* PFD(Phase Frequency Detector) Schematic using pre-made Inverter &
Nand symbol

%% Applications Places System @
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Creating Layout

= Startup Option x|
 From the Inverter schematic window menu Physical Implementation Startup Options
execute Launch — Layout XL. A “Startup Option” Layout
form appears & Create Mew o Cpen Existing

» Select Create New option and click OK

[ Configuration
— Create Mew . Open Existing

& Automatic

File Cancel ;| Help
| Library My DesignLib n
| Cell Inwerter|
:;Zt l:::zrt B e A —Nev_v FiI_e|| form appears, Check the Lib_rary
SR . (MyDesignLib), Cell name (Inverter) and View
"1 | Open with Layout L - name (IayOUt
_ Always use this application for this type of file | A Click OK from the —New Flle” Window. LSW
Library path file (Layer Select Window) and a blank layout
fscratch/analog-libh/cadence ms lahs 615/cds. 1ib window appear a|0ng with schematic window

Cancel Help
T




Adding Components to Layout

Execute Connectivity — Generate — All from Source or click the icon :EE in the
—Layout Editor window”, Generate Layout form appears. Click OK which imports

the schematic components in to the Layout window automatically .
The table provide bellow quick access keys and their function in the layout

key

Ctrl+Shift+W Create wire

| Insert Instance

Q properties

ctri+Z Zoom in

Shift+z Zoom out

F Fit to screen

Z Zoom to Area
Ctrl+T Zoom to selected
Del Delete

Stretch

Copy
Undo

Create via

=~ O c o »

Create ruler



Layout

move a device to get the connectivity information, which shows the guide lines (or
flight lines) for the inter connections of the components.

From the layout window execute Create — Shape — Path or Create wire or click or
Create — Shape — Rectangle (for vdd and gnd bar) and select the appropriate Layers
from the LSW window and Vias for making the inter connections

We will use the contacts or vias to make connections between two different layers

Wirtuoso® Layout Suite XL Editi

P R | [ - T—

> || ¢F3Selectn  Seldh:o  Seldh:o  Selgonio | = 5.0150

Pl PG etc urre Nt ino owveQ—=stc

sy | =
2 P B8 [SMDPS@smdps:—/De... || [€] wirtuoso |[[E] vWhat's Mew in i

= i~ I[[E [prsg= - File Browser] =




Saving the Layout design

» Final Inverter layout should appear as below




Physical Verification

» Here we check whether our design obeys the design rules

* Running a DRC: Select Assura - Run DRC from layout window. The DRC form
appears. The Library and Cell name are taken from the current design window,
but rule file may be missing. Select the Technology as gpdk180. This
automatically loads the rule file T ISR

Layout Design Source  DFI n Compare two layouts » Generate Lyl Compare Bules,

Library MyDesigaLih Cell  cs_amp Wiew  layout Erowse..

When DRC finishes, If there are no o

errors in the layout then a dialog box m e

appears with No DRC errors found auntocaton [ocal

written in it, click on close to om0 ey (oaaall 0 Gl
terminate the DRC run =l Lih/cadence_ns_Lahs_615/pv/assura/des. rul Wiewr.. SR

Switch Mames Set Switches
Yariahle Yalue Default Description
Mo DRC errors found. N - |
View avFarameters hodify avParameters.. g avParameters are set.

@ Yiew ddditional Functions Led Mo additional functions are set.

Enable limitDrcCheck e

@I cencel epply ) Defaults | Load State | Save State | View RSF | Help




Assura LVS

« In this section we will perform the LVS check that will compare the schematic
netlist and the layout netlist

e Running LVS: Select Assura — Run LVS from the layout window. The —”Run Assura
LVS” form appears. It will automatically load both the schematic and layout view
Of the Ce” 'm munassurawvs K|

Schemalic Design Source  |DFIl n Use Existing Metlist o HMetlisting Options
L k

Once the LVS iS Completed’ a WindOW informs that Library MyDesignLihb Cell ch:renpveng i Vie; schematic . Browse

the LVS Completed SucceSSfu”y and a'.SkS If you .LayoutDesign Source DFIl n Use Existing Extracted Metlist
want to see the results of this run. Click Yes in the Ly pesigai | ol o e
Window. Run Marme \7 Run Directory _—

If the schematic and layout matches completely, Fartosion cd 9

. . . - - Wiew Rules Files »  Technal dpdk1&o Rule Set default
you will get a window displaying Schematic and , i B BT
! Extract Rules ‘cadence_ms_labs_615/pv/assura/extract.rul | Wi, ,\Reload

La_yout Match. Close the WindOW to terminate —  Compare Rules  log-lib/cadence ms_labs_ 615/pw/assurafcompare. rul Wigw.,
the LVS run Switch Mames Set Switches J

— Binding File(s) Wigw...
— — = ;
LVS Debug - rc I —' RSF Include View...
File ¥iew Options Tools Help cadence Y ariahle Value Default Description
Mone
L
Cell List isch || lay) — Bdract & COmpare o mary sch | lay .
. Wiews avParameters Modiry avFarameters.. 7 avParameters are set
*+++ Schematic and Layout Match
Wiew avCompareRules _ Maodify avCompareRules... 1 avCompare rule is set.
Wiew Additional Functions L Mo additional functions are set.

@I cancel ) epply ) Defaults )| Load State || Save State | Wiew RSE | Hel |

Gpen sechematic. Cell.. Spemn LayoutEel.. Spen Tool..
z0




Assura RCX

In this section we will extract the RC
values from the layout and perform
analog circuit simulation on the
designs extracted with RCX. Before
using RCX to extract parasitic devices
for simulation, the layout should match
with schematic completely to ensure
that all parasites will be backannoted
to the correct schematic nets.

Running RCX: From the layout window
execute Assura — Run RCX

Change the following in the “Assura
parasitic extraction run form||. Select
Output type under Setup tab as
Extracted View.

) é-é-tﬂ-ﬁ 7 Extraction

Assura Parasitic Extraction Run Form

Filtering Metlisting Run Details Substrate

Technology |gpdkl &0
NOME [

Ruleset default

— pilvsset UsehultRulesets

¥ Setup Dir fscratch/analog-lib/cadence_ms_labs_615/pv/assuralft | ..

— REF Include

oA =
s Naeal o

Rule RSF Include

iy (Edit
_

Output  Extracted view g
Enable Cellview Check

Lib MesignLibh  Cel cs_smp View av_extracted

Parasitic Res Component presistor Frop Id i
Parasitic Cap Companent pocapacitor Prop Id c
Parasitic Ind Companent pinductor Propld 1
Parasitic b Component priind Frop Id k
Inductance L1 Frap Id indl Inductance LZ Frop Id ind2

Call Procedure

Substrate Extract Extract O3S Diffusion Res

Seismic n

none B3

Extract MO3 Diffusion &F Extract MO3 Diffusion High

Substrate Profile

Lilstary Prefix

Likrary Directory

;ONE n

S

LLLLLL T OILPCLOLy T SPECILY & OILECCLOLy [OL WLICII I0Cdl IINLarIES CLEdCED

during the hierarchical extraction of an extracted wiew.

@I corcel Defaults | Apply . Load State || Save State | ViewRSF

. Help



Parasitic Extraction

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

ORC (Assura) Parasitic Extraction Run Form
Setup ~ Extraction Filterifig retlisting Run Details Substrate
Extraction Type |RC n Mame Space  |Layout Names n hest
Max fracture [ength m {microns B Temperature ﬁ 5
Cap Coupling Mode  |Coupled B Ref Node _g'nd!
rAUlt Factor 1.0

In the Filtering tab of the form, Enter Power Nets as vdd!, vss! and Enter
Ground Nets as gnd!



av_extracted

* When RCX completes, a dialog box appears, informs you that Assura RCX run
Completed successfully. Click on close to terminate the RCX run.

- Assura RCX Run »

The Assura BCH run "cs_amp” completed successully
The output is in

@ Library: MyDesignLib

Cell: cs_amp
Wiew: Ay _extracted



Configuring Layout

« The layout must be configure before being put on test. The layout once corrected
from all the design rule errors, a LVS test is performed for the cell. The chance of
getting the error become minimum when the layout is generated from the
connectivity window. The parasitic extraction is carried out next and the excreted
layout is saved for the testing purpose.

Fig. shown av_extracted view of the
layout

Press shift-f to view values of the
extracted resistance and capacitance in
the av_extracted view




Creating the Configuration View

e Inthe CIW or Library Manager, execute File — New — Cell view

New File
« In the Create New file form, set the following. ke —
Click OK'in “New File” form. The “Hierarchy EZFW WDiSITlej
Editor” form opens and a “New Configuration” m;iq
form opens in front of it. Type confiy B
: e DL A =i OhE Application
— sSdan: Open with Hierarchy Editor n
Y — Lot i rex _ Alhways use this application for this type of file
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Creating the Configuration View
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Change the Top Cell - View to
schematic and remove the default
entry from the Library List field and
Click OK in the New Configuration
form.

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



Creating the Configuration View

» Click the Tree View tab. The design hierarchy

changes to tree format. The form should look
like this

Choose the inv schematic folder icon
and right click, a set of option arises,
click on Set Instance View and choose
av_extracted
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Post layout simulation

* Inthe library Manager window, select the following
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Post layout simulation

* A new —Open Configuration or Top CellView|| form appears. Choose yes in both
the cyclic fields and click OK

Open Configuration or Top CellView

Open for editing
Configuration "ty DesignLib Inverter_Test config” & yes ) no

| Top Cell ¥iew "MyDesignlib Inverter_Test schematic® & Yes o ho

_ Cancel Ji Help |




Simulation of config view with
Spectre

Execute Launch — ADE L from the schematic window

follow the same procedure for running the simulation

Click Netlist and Run icon to start the simulation

The simulation takes a few seconds and then waveform window appears




Design notes

Use array structure for initial routing(horizontal
1/2 metal layers, Vertical 1/2 metal layer)

Avold longer routing (often suffer from charg
coupling and slower)

The layout design can be optimized in the
schematic design (proper cell placement)

Pin placement of sub-circuits is extremely
iImportant in large design

Avoid excess via creation(current conduction Is
poor in Vias)
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