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Objective

Objective of this lab is to learn the Virtuoso tool as well learn the flow of the Full
Custom IC design cycle. You will finish the lab by running DRC, LVS and Parasitic
Extraction on the various designs. In the process you will create various components
like inverter, NAND gate, XOR gate, Full adder, Latch, SRAM register cell, grey to
binary code converter and PLL, differential amplifier we won’t be designing every cell,
as the time will not be sufficient, instead we will be using some ready made cells in the
process.

You will start the lab by creating a library called “myDesignLib” and you will attach
the library to a technology library called “gpdk180”. Attaching a technology library will
ensure that you can do front to back design.

You will create a new cell called “Inverter” with schematic view and hence build the
inverter schematic by instantiating various components. Once inverter schematic is
done, symbol for “Inverter” is generated. Now you will create a new cell view called
“Inverter_Test”, where you will instantiate “Inverter” symbol. This circuit is verified
by doing various simulations using spectre. In the process, you will learn to use
spectre, waveform window options, waveform calculator, etc...

You will learn the Layout Editor basics by concentrating on designing an “Inverter”
through automatic layout generation. Then you will go ahead with completing the
other layouts. After that, you will run DRC, LVS checks on the layout, Extract
parasitics and back-annotate them to the simulation environment.

After completing the parasitic back- annotation flow, design is ready for generating
GDSILI.
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General Notes

There are a number of things to consider before beginning these lab exercises.
Please read through this section completely, and perform any needed steps in order to
ensure a successful workshop. These labs were designed for use with Incisive Unified
Simulator82, IC613 and Assura32.

Before running any of these labs, ensure that you've set up IUS92, IC614, MMSIM101
and Assura41 correctly:

%> setenv CDSHOME <IC614-installation-home>
%> setenv MMSIMHOME <MMSIM101-installation-home>
%> setenv PVHOME <Assura41l-installation-home>

%> setenv AMSHOME <IUS92-installation-home>

You will also need to ensure that the IUS92 is setup correctly for lab 5.
To setup the lab environment, please perform the following steps:
1. Ensure the software mentioned above is correctly setup.

2. Source the C-Shell related commands file i.e. (cshrc file).

These labs were designed to be run using Cadence Virtuoso tool and Assura tool.
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Lab Getting Started

1. Log in to your workstation using the username and password.The home directory
has a cshrc file with paths to the Cadence installation.

2. In a terminal window, type csh at the command prompt to invoke the C shell.
>csh

>source cshrc

3. To verify that the path to the software is properly set in the eshre file, type the
below command in the terminal window and enter:

>which virtuoso

It gives the complete path of IC614 tool Installation.
>which spectre

It gives the complete path of MMSIM 101 tool Installation.
>which assura

It gives the complete path of Assura410 tool Installation.

Starting the Cadence Software

Use the installed database to do your work and the steps are as follows:

1. Change to the course directory by entering this command:

> cd ~/Database/cadence_analog labs_613
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Directory

. /Solutions

. /libs.cdb

. /models

. [stream
. /pv
. [techfiles
. /dig_source
. /cds.lib
. /hdl.var

. /docs

> virtuoso &

You will start the Cadence Design Framework II environment from this directory
because it contains cds.lib, which is the local initialization file. The library search
paths are defined in this file.

The Cadence_Analog labs 613 directory contains Solutions folder and also Work
folder. Inside Work folder you can create new cell / modifications of the cell locally
without affecting your Source cell present inside Solutions directory.

Directory

Contains a local copy of all the lab experiments including test
circuit for simulation.

Contains a technology library for the design (gpdk180nm).

Contains spectre models of components for simulation in
gpdk180nm technology.

Contains layer map file for GDSII format

Containing the Assura and Diva verification files

Contains ASCII versions of the oa22 techfiles

Contains verilog codes for SAR register and clock

File containing pointer to the Cadence OA22 initialization file.
File defines the work library for AMS simulation

Reference manual and user manual for gpdk180nm technology.

2. In the same terminal window, enter:

The virtuoso or Command Interpreter Window (CIW) appears at the bottom of the
screen.
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Virtuoso® 6.1.3 - Log: /home/darshan/CD5.log

Eile Tools Options Help

COPTRIGHT @ 199Z2-Z009 CADENCE DESIGH SYSTEMS INCG. ALL RIGHTS RESERVED.
@ 1992-2009 UNIX SYSTEMS Laboratories INC., E
Reproduced with permission.
This Cadence Design Systems program and online documentation ace
proprietary/confidential information and may be discloseds/used only

—
K ]

Cimouse L awebdousesingleselectPiCEQ Bl R: ddsOnLineHelp( mainy |
1 | >

3. If the “What’s New ...” window appears, close it with the File— Close command.

What's New in 6.1.3.500

The information in this window iz current for the IC 6.1
release and contains these sections:

1. VIRTUOSO DESICHN EMVIRONMENT ON OPENACCESS
2. VIEWING IC 6.1 PLATFORM DOCUMENTATION
3. STARTING USER DOCUMENTATION FROM THE

El
d

ccdsinit FILE

b

4. Keep opened CIW window for the labs.

End of General Notes
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Lab: 1 Layout Design Rules

» The physical mask layout of any circuit to be manufactured using a particular
process must conform to a set of geometric constraints or rules, which are
generally called layout design rules.

» These rules usually specify the minimum allowable line widths for physical
objects on-chip such as metal and polysilicon interconnects or diffusion areas,
minimum feature dimensions, and minimum allowable separations between two
such features.

» The main objective of design rules is to achieve a high overall yield and
reliability while using the smallest possible silicon area, for any circuit to be
manufactured with a particular process.

» The layout design rules which are specified for a particular fabrication process
normally represent a reasonable optimum point in terms of yield and density.

> A layout which violates some of the specified design rules may still result in an
operational circuit with reasonable yield, whereas another layout observing all
specified design rules may result in a circuit which is not functional and/or has
very low yield.

» To summarize, we can say, in general, that observing the layout design rules
significantly increases the probability of fabricating a successful product with
high yield.

» The design rules are usually described in two ways :

v'Micron rules, in which the layout constraints such as minimum feature
sizes and minimum allowable feature separations, are stated in terms of
absolute dimensions in micrometers, or,

v Lambda rules, which specify the layout constraints in terms of a single
parameter (?) and, thus, allow linear, proportional scaling of all geometrical
constraints.

Lambda-based layout design rules were originally devised to simplify the industry-
standard micron-based design rules and to allow scaling capability for various
processes. It must be emphasized, however, that most of the submicron CMOS
process design rules do not lend themselves to straightforward linear scaling. The use
of lambda-based design rules must therefore be handled with caution in sub-micron
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geometries. In the following, we present a sample set of the lambda-based layout
design rules devised for the MOSIS CMOS process.

MOSIS Layout Design Rules (sample set)

Rule number Description L-Rule
R1 Minimum active area width 3L
R2 Minimum active area spacing 3L
R3 Minimum poly width 2L
R4 Minimum poly spacing 2L
RS Minimum gate extension of poly over active 2L
R6 Minimum poly-active edge spacing 1L

(poly outside active area)
R7 Minimum poly-active edge spacing 3L
(poly inside active area)
R8 Minimum metal width 3L
R9 Minimum metal spacing 3L
R10 Poly contact size 2L
R11 Minimum poly contact spacing 2L
R12 Minimum poly contact to poly edge spacing 1L
R13 Minimum poly contact to metal edge spacing 1L
R14 Minimum poly contact to active edge spacing 3L
R15 Active contact size 2L
R16 Minimum active contact spacing 2L
(on the same active region)
R17 Minimum active contact to active edge spacing 1L
R18 Minimum active contact to metal edge spacing 1L
R19 Minimum active contact to poly edge spacing 3L
R20 Minimum active contact spacing 6L

(on different active regions)
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Lab 2.1: AN INVERTER

Schematic Capture

1 18Un

Sall
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Schematic Entry

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

Below steps explain the creation of new library “myDesignLib” and we will use the
same throughout this course for building various cells that we going to create in the
next labs. Execute Tools — Library Manager in the CIW or Virtuoso window to open
Library Manager.

Creating a New library

1. In the Library Manager, execute File - New - Library. The new library form
appears.

2. In the “New Library” form, type “myDesignLib” in the Name section.

New Library

i Liberary

rarme myDesignlibl

Cirectory _rjshanfcadence_analog_labs_ﬁ‘l3.-"‘ =) i

= . Cdneockt 1 __groiog [ display.drf
CADRCrun Capv [ ade_w~iva.laog [ 1eBindkeys.il
CaLvs Cdspectrerunl [] ade_wavescan.log [] lik.defs
CAdig_source [_dspice.runi [ assura_tech.lib [ libkdanager.Ic
ZAdocs 23 stream [] casLaog [ libkdanager.lc
E3 libs.oazz dtechFiles [ cds.lin [ nevlog.log
L models £S) work [ cds.lib.oazz [ gre.log
Caneocell [ inverter.sp [ cdsLibEditar.log [ schBindkeys

File type: |Directaries

. Design Mahager

® lse MOMNE

Use Mo DkA

[ OK ] NI Cancel Help.
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3. In the field of Directory section, verify that the path to the library is set to
~/Database/cadence_analog labs_613 and click OK.

Note: A technology file is not required if you are not interested to do the layouts for

the design.

4. In the next “Technology File for New library” form, select option Attach to an
existing techfile and click OK.

Technology File for library "myDesignlib®
You can: o« Compile an ASCI technalogy file
w Reference existing technology libraries

& Attach to an existing technology library

=

— Do not need process information

Cancel Ji Help

3. In the “Attach Design Library to Technology File” form, select gpdk180 from the
cyclic field and click OK.

IMesy Library myDesigrnLib

Technology Library analoglib
avTech
basic

cdsDefTechLihb

@I  ccncel o _apply  Help

6. After creating a new library you can verify it from the library manager.

7. If you right click on the “myDesignLib” and select properties, you will find that
gpdk180 library is attached as techlib to “myDesignLib”.
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ile Edit ey Design kManager Help

cadence

Show Categories | Show Files

Cell

Librauy RE [=ATH)

myDesignlib

cds__assertions
cds_inhconn
cods_spicelib
connectlib
gpdki1 S0

[=1=1=1

ncinternal
ncmodels
ncutils
=dilib

Messages

ki i

Creating a Schematic Cellview

‘hable 1o open library avlech at path rserverssto_cicysoltwaress s oo UR
wWharning: The directory: WserversaAfo__cicssofbvraresrAasSSURASIZE-61 Srtoolsrs
[ . —

i

In this section we will learn how to open new schematic window in the new
myDesignLib” library and build the inverter schematic as shown in the figure at the

start of this lab.

1. In the CIW or Library manager, execute File - New — Cellview.

2. Set up the New file form as follows:

[~]

B3

File

Likirary miyCresignbib n

Zell Inwverter

Wi schematic
Type schematic B

Application

Dipen with Schematics L n
— Always use this application for this type of file

Library path file

weSdarshan/cadence analog labs 613 /cds. 1ib

Cancel Help
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Do not edit the Library path file and the one above might be different from the path
shown in your form.

3. Click OK when done the above settings. A blank schematic window for the Inverter
design appears.

Adding Components to schematic

1% 1 1 2 .

1. In the Inverter schematic window, click the Instance fixed menu icon to display the
be
Add Instance form. :]‘:’

Tip: You can also execute Create — Instance or press i.

2. Click on the Browse button. This opens up a Library browser from which you can
select components and the symbol view .

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

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

This is a table of components for building the Inverter schematic.

Library name | Cell Name Properties/Comments

gpdk180 pmos For MO: Model name = pmos1, W= wp,
L=180n

gpdk180 nmos For M1: Model name = nmos1l, W= 2u,
L=180n
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If you place a component with the wrong parameter values, use the Edit—
Properties— Objects command to change the parameters.

Use the Edit— Move command if you place components in the wrong location.

il do U M ¥ O 5 o9 ¢

You can rotate components at the time you place them, or use the Edit— Rotate
command after they are placed.

4. After entering components, click Cancel in the Add Instance form or press Esc with
your cursor in the schematic window.

Adding pins to Schematic

1. Click the Pin fixed menu icon in the schematic window. You can also execute

create — Pin or press p. i

The Add pin form appears.

2. Type the following in the Add pin form in the exact order leaving space between the
pin names.

Pin Names Direction

vin Input

vout Output

Make sure that the direction field is set to input/output/inputOutput when placing
the input/output/inout pins respectively and the Usage field is set to schematic.

3. Select Cancel from the Add - pin form after placing the pins. In the schematic

a

window, execute Window— Fit or press the f bindkey.

i||"‘;'\":‘(i:(&1
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Adding Wires to a Schematic

Add wires to connect components and pins in the design.
1. Click the Wire (narrow) icon in the schematic window.

You can also press the w key, or execute Create — Wire (narrow).

2. In the schematic window, click on a pin of one of your components as the first point
for your wiring. A diamond shape appears over the starting point of this wire.

3. Follow the prompts at the bottom of the design window and click left on the
destination point for your wire. A wire is routed between the source and destination
points.

4. Complete the wiring as shown in figure and when done wiring press ESC key in the
schematic window to cancel wiring.

Saving the Design

1. Click the Check and Save icon in the schematic editor window.

= st E_ 2

2. Observe the CIW output area for any errors.
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Symbol Creation

Objective: To create a symbol for the Inverter

In this section, you will create a symbol for your inverter design so you can place it in
a test circuit for simulation. A symbol view is extremelyimportant step in the design
process. The symbol view must exist for the schematic to be used in a hierarchy. In
addition, the symbol has attached properties (cdsParam) that facilitate the simulation
and the design of the circuit.

1. In the Inverter schematic window, execute Create — Cellview— From Cellview.

The Cellview From Cellview form appears. With the Edit Options function active, you
can control the appearance of the symbol to generate.

2. Verify that the From View Name field is set to schematic, and the To View Name
field is set to symbol, with the Tool/Data Type set as SchematicSymbol.

Cellview From Cellview,

Library Mame nyDesigrlihb Browse
Cell Matme Inwverter
From Yiew Mame schematic n To View Mame symbol

Tool / Data Type  SchematicSymbal n
Display Cellyiew  »
Edit Options Ly

Cancel Defaults Spply Help

3. Click OK in the Cellview From Cellview form.

The Symbol Generation Form appears.
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4. Modify the Pin Specifications as follows:

_Symbol Generation Options._

Likrary Mame Cell Matme Wiek Mame

ﬁy]]esigrul.ib ) -Inverter ] -symbul

Fin Specifications attributes
Left Pins Y - Lizt
Right Pins ¥ | Gt
Top Pins wdd List
Bottom Pinsg  wss List:

Exclude Inherited Connection Pins: -
& MNone w8l e Only these:

Loadizave _ Edit attributes Edit Labels __ Edit Froperties __

m JSancel Jl apply Jl Help

5. Click OK in the Symbol Generation Options form.

6. A new window displays an automatically created Inverter symbol as shown here.
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Editing a Symbol

In this section we will modify the inverter symbol to look like a Inverter gate symbol.

S »2@% -

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

2. Click Delete icon in the symbol window, similarly select the red rectangle and
delete that.

3. Execute Create — Shape - polygon, and draw a shape similar to triangle.
4. After creating the triangle press ESC key.

5. Execute Create — Shape - Circle to make a circle at the end of triangle.
6. You can move the pin names according to the location.

7. Execute Create — Selection Box. In the Add Selection Box form, click
Automatic.A new red selection box is automatically added.

8. After creating symbol, click on the save icon in the symbol editor window to save
the symbol. In the symbol editor, execute File — Close to close the symbol view
window.

Nnstanc
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Building the Inverter_Test Design

Objective: To build an Inverter Test circuit using your Inverter

Creating the Inverter_Test Cellview

You will create the Inverter Test cellview that will contain an instance of the Inverter
cellview. In the next section, you will run simulation on this design

1. In the CIW or Library Manager, execute File— New— Cellview.

2. Set up the New File form as follows:

File

Litarary _Ln_yDesignLib =
Zell Inwverter_ TeEst
ey schematic

Twpe schematic n
Application

Dpen with _Schematics L

. alwans use this application for this twpe of file

Library path file
weSdarshanscadence _analog labs 613/cds. 1ib

Cancel Help
- 2 Ny ties

3. Click OK when done. A blank schematic window for the Inverter_ Test design
appears.
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Building the Inverter Test Circuit

1. Using the component list and Properties/Comments in this table, build the
Inverter_Test schematic.

Library name Cellview name Properties/Comments
myDesignLib Inverter Symbol
analogLib vpulse v1=0, v2=1.8,td=0 tr=tf=1ns,

ton=10n, T=20n

analogLib vdc, gnd vdc=1.8

Note: Remember to set the values for VDD and VSS. Otherwise, your circuit will have
Nno power.

. . nlbe
2. Add the above components using Create — Instance or by pressing I. = €

3. Click the Wire (narrow) icon and wire your schematic.

Tip: You can also press the w key, or execute Create— Wire (narrow).

4. Click Create — Wire Name or press L to name the input (Vin) and output (Vout)
abc

wires as in the below schematic.

5. Click on the Check and Save icon to save the design.
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6. The schematic should look like this.

7. Leave your Inverter_Test schematic window open for the next section.
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Analog Simulation with Spectre

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 Analysis after the initial simulation.

Starting the Simulation Environment

Start the Simulation Environment to run a simulation.

1. In the Inverter_Test schematic window, execute
Launch - ADE L

The Virtuoso Analog Design Environment (ADE) simulation window appears.

Choosing a Simulator

Set the environment to use the Spectre® tool, a high speed, highly accurate analog
simulator. Use this simulator with the Inverter_Test design, which is made-up of
analog components.

1. In the simulation window (ADE), execute

Setup— Simulator/Directory/Host.
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2. In the Choosing Simulator form, set the Simulator field to spectre

(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 (ADE), Execute Setup - Model Libraries. The Model

Library Setup form appears. Click the browse button e to add gpdk.scs if not
added by default as shown in the Model Library Setup form.

Remember to select the section type as stat in front of the gpdk.scs file. Your Model
Library Setup window should now looks like the below figure.

spectra0: Model Library Setup

" | Model File | Section |
B Global Model Files
oo rshandcadence_analog labs_B13/modelssspectredgpdk scs | stat |
R C[ick bere to add model fila- i -
—_—
Ll [}
—_—

@I cancel  fpply T Help

To view the model file, highlight the expression in the Model Library File field and

Click Edit File.
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z

b =

2. To complete the Model Library Setup, move the cursor and click OK. The Model
Library Setup allows you to include multiple model files. It also allows you to use the
Edit button to view the model file.

Choosing Analyses

This section demonstrates how to view and select the different types of analyses to

complete the circuit when running the simulation.

1. In the Simulation window (ADE), click the Choose - Analyses icon.

You can also execute Analyses - Choose.

The Choosing Analysis form appears. This is a dynamic form, the bottom of the form

changes based on the selection above.

2. To setup for transient analysis
a. In the Analysis section select tran
b. Set the stop time as 200n

c. Click at the moderate or Enabled button at the bottom, and then click
Apply.
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Snalywsis & tran et dC — A - noise
T ' SENS ws domatch o sth
—e Pz -— SR — 2nvip - [ES
— Ppac — pEth — proise ==
— PSP w—t CIPSS W gpac — gpnaoise
- o=t - CPpER e hbb - hhac

w— hbnoise

Transient Aanalysis

Stop Time 200

@Occuracy Defaulls (errpreset)

— conservative & moderate _ liberal
— Transient Maise
Enabled .- Crptions. .
— 7
_Cancel Defaults. Apply Help
. Lo P e e S BB P NeRS  RHR ]

3. To set up for DC Analyses:

a. In the Analyses section, select dc.
b. In the DC Analyses section, turn on Save DC Operating Point.
c. Turn on the Component Parameter.

d. Double click the Select Component, Which takes you to the schematic
window.

e. Select input signal vpulse source in the test schematic window.
f. Select “DC Voltage” in the Select Component Parameter form and click OK.
f. In the analysis form type start and stop voltages as 0 to 1.8 respectively.

g. Check the enable button and then click Apply.
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= ng Analyses — Virtuosoe: Analog _Desig_n__Eﬁ

Analusis — tran - cc

— A — noise
P —_— SEerns w domatch o sth
— PE — S — - envlp — pss
— pac — pstb — pnoise —
— PEpR — fpss — qpac — Opnoise
— T — CPSsp — hik — hbac

— hbnaoise

D Aanalysis

Sawve DC Operating Foint L
Hysteresis Sweep

Sweep Wariable

Component Rame ARED
. Temperature
__ Design wariable — Salasbiampariend -
& Component Parameter Farameter Hamsa dc
— Mlodel Parameter
Sweep Range
R Start | O Stop 1.8

— Center-Span

Sweep Twpe

Sutomatic n

adod Specific Points

Enabled

QI concel Dermuns

4. Click OK in the Choosing Analyses Form.

Setting Design Variables

Set the values of any design variables in the circuit before simulating. Otherwise, the
simulation will not run.

1. In the Simulation window, click the Edit Variables icon. E

The Editing Design Variables form appears.

2. Click Copy From at the bottom of the form. The design is scanned and all variables
found in the design are listed. In a few moments, the wp variable appears in the Table
of Design variables section.

3. Set the value of the wp variable: With the wp variable highlighted in the Table of
Design Variables, click on the variable name wp and enter the following:
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2u
Value(Expr)

Click Change and notice the update in the Table of Design Variables.

3. Click OK or Cancel in the Editing Design Variables window.

Selecting Outputs for Plotting

1. Execute Outputs — To be plotted - Select on Schematic in the simulation
window.

2. Follow the prompt at the bottom of the schematic window, Click on output net
Vout, input net Vin of the Inverter. Press ESC with the cursor in the schematic after
selecting it.

Does the simulation window look like this?

e Virtuoso® Analog Design Environment (1) - myDesignLib Inverter. Test schematlc =
Session  Setup  Analyses  Wariables Outputs  Simulation Besults Tools  Help cadence
I Status: Ready T=27 C  Simulator; spectre
Cresign “Yariables analyses
. hKame:. —| Value | ___Type— |Enable | Arguments | E_
1 wp zu Wl o o~ t0 1.6 Automatic Start-Stop 00 B e
z tran v 0 2000 moderate l;: e
N o -
= 1l By E
_ | Outputs |‘rp.ﬁ_.
_ . bamesSignal/Bx=pr = vWalue |[Plot |Save | Save Options. | g
]_ Wout v bl allw r_-‘| X
2 win - allw =
= - B @
i L 2 Plot after Simulation: Suto n Flotting mode: Replace n
= : U, |
5| Choose Design .. |
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Running the Simulation

1. Execute Simulation — Netlist and Run in the simulation window to start the

-

Simulation or the icon, this will create the netlist as well as run the simulation.

2. When simulation finishes, the Transient, DC plots automatically will be popped up

along with log file.

|

File Edit Frame Craph sxis Trace Marker Zoom Tools Measurements Help cﬁd-en(e

2.0

1.75

75

0.0
0o 25 5 75

[100.25ns| ssr.2ocmy timens [ t.e0832v[ 1.60932w

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

S AHETEFEE E oK MO SEE label [ ]
[ Jun 25, 2009 Transient Response [ﬂ Jun 25, 2009 DC Response |5|
|— EETE — i B ivout BRivin
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Saving the Simulator State

We can save the simulator state, which stores information such as model library file,
outputs, analysis, variable etc. This information restores the simulation environment

without having to type in all of setting again.

1. In the Simulation window, execute Session — Save State. The Saving State form
appears.

2. Set the Save as field to statel_inv and make sure all options are selected under
what to save field.

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

Loading the Simulator State

1. From the ADE window execute Session — Load State.

2. In the Loading State window, set the State name to statel_inv as shown
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=

State Load Directory ~S . marctist states| Browse. ..

Libirary myDesignlib B
Zall Unverter Teast n
Simulator spectre n

State MName

Celete Siate

- Cellview Options

Libirary \myDesignlib -
el I E= Test - i
nwverter Tes Simulatar
State - Erosioe v Belcie State
L =)
Description
HMorus
ke i m

VWhat to Load
Select all Tlear &l s

Analyses Wariakbles Cutputs
Fodel Setup
Simulator Options Convergence Setup MWaveform Setup

GEraphical Stimuli . Conditions Setup Fesults Display Setup i
Oewvice Checking Setup » Cosimulation Options Turbo and Farasitic Reduction [P

—ancel Sl Help

Simulation Files Environment Options

kR
(W

[ |

kKkRER

3. Click OK in the Loading State window.
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Parametric Analysis

Parametric Analysis yields information 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 on the wp variable, of the PMOS device of the
Inverter design by sweeping the value of wp.

Run a simulation before starting the parametric tool. You will start by loading the
state from the previous simulation run.

Run the simulation and check for errors. When the simulation ends, a single
waveform in the waveform window displays the DC Response at the Vout node.

Starting the Parametric Analysis Tool

1. In the Simulation window, execute Tools—Parametric Analysis. The Parametric
Analysis form appears.

2. In the Parametric Analysis form, execute Setup—Pick Name For Variable—Sweep
1.

A selection window appears with a list of all variables in the design that you can
sweep. This list includes the variables that appear in the Design Variables section of
the Simulation window.

3. In the selection window, double click left on wp.

The Variable Name field for Sweep 1 in the Parametric Analysis form is set to wp.
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4. Change the Range Type and Step Control fields in the Parametric

Analysis form as shown below:

Range Type From/To From 1u To 10u

Step Control Auto Total Steps 10

These numbers vary the value of the wp of the pmos between 1lum and 10um at ten
evenly spaced intervals.

Sweep 1 Yariable Mame wp Add Specification n

Range Type  FromTo R ron 1u To 10w
Step Control Auta n Total Steps o

Select #

12| sweep 1 ..

S. Execute Analysis—Start.

The Parametric Analysis window displays the number of runs remaining in the
analysis and the current value of the swept variable(s). Look in the upper right corner
of the window. Once the runs are completed the wavescan window comes up with the
plots for different runs.
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v : myDesignLib Inverter_Test schematic : Jun 24 00:48:52 2009 = o> ]
File Edit Frame GCraph Axis Trace Marker Zoom Tools Measurements Help cadence

SE#HEAFEE T & & X Ik = B4 kgjtakel | |
Jun 24, 2009 Transient Response |1—| Jun 24, 2009 DC Response Eﬂ
!'l.l'in fvp=1.00e-08) !'l.l'in fp=2.00e-0E) : !'l.l'in fep=1.00e-08) !'l.l'in fep=2.00e-08) :‘::
BRvin fvp=3.00e-06)  [ERVin bvp=4.00:-0E) ] BRvin tp=3.00e-05) Vi fwp=4.00-08) li|
B it dop=5.00e-06)  ERVin fup=F.00:-0E) - B vin fup=5.00e-08)  ERVin dup=FE 00e-0E) vl

N A
0 500 100 150 200 o 10 1A LS LES 2.0

| o0 Ty tme (g [Foecaomy| 14zeagy 000

Note: Change the wp value of pmos device back to 2u and save the schematic before

proceeding to the next section of the lab. To do this use edit property option.
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Creating Layout View of Inverter

1. From the Inverter schematic window menu execute

Launch - Layout XL. A Startup Option form appears.

2. Select Create New option. This gives a New Cell View Form
3. Check the Cellname (Inverter), Viewname (layout).

4. Click OK from the New Cellview form.

LSW and a blank layout window appear along with schematic window.

Adding Components to Layout

-EEE
= |3
1. Execute Connectivity — Generate — All from Source or click the icon - in the

layout editor window, Generate Layout form appears. Click OK which imports the
schematic components in to the Layout window automatically.

2. Re arrange the components with in PR-Boundary as shown in the next page.

3. To rotate a component, Select the component and execute Edit —Properties. Now
select the degree of rotation from the property edit form.

loel# 0MX0R|YAEDSAISSE
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4. To Move a component, Select the component and execute Edit -Move command.

Making interconnection

1. Execute Connectivity —Nets — Show/Hide selected Incomplete Nets or click

&

the icon in the Layout Menu.

2. Move the mouse pointer over the device and click LMB to get the connectivity
information, which shows the guide lines (or flight lines) for the inter connections of
the components.

3. From the layout window execute Create — Shape — Path/ Create wire 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

Creating Contacts/Vias

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

1. Execute Create — Via or select g command to place different Contacts, as
given in below table

Connection Contact Type
For Metall- Poly Metall-Poly
Connection
For Metall- Metall-Psub
Psubstrate
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Connection

For Metall- Nwell Metall-Nwell
Connection

Saving the design

=

1. Save your design by selecting File — Save or click
layout should appear as below.

to save the layout, and

RREEEREEEEFEEEEEEES)

H
]
]
]
]
g
H
]
]
]
g
3
]
]
]
H
LB
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Physical Verification

Assura DRC

Running a DRC

1. Open the Inverter layout form the CIW or library manger if you have closed that.

Press shift — f in the layout window to display all the levels.

2. Select Assura - Run DRC from layout window. The DRC form appears. The Library
and Cellname are taken from the current design window, but rule file may be missing.
Select the Technology as gpdk180. This automatically loads the rule file.

Your DRC form should appear like this

Run Assura DRC

Layout Desigh Source  |PFII B Compare two layouts bl Eeneraie Lyle Gampare Buless. ]
Library myDesignLib Cell Inwverter View  layout | Browse. |
Save Extracted View _ Yiew Mame  drc_extracted

srea To Be Checked  [Full n

Run Marme | Run Directary . AORCrun ]

Run Location |ocal B
Wi Rules Files ~ Technology Ggpdk1E0 B Rule Set |default B

—  Rules File sadence_analog lsbs Bl3fpw/assurasdec, rul | | A= ijEI_Dadj
Switch Names W Saet Switches J
— RSF Include s Wigw A
Variahle Walue Drefault Description
(Mone n
| Wiew avParameters =t L rAodify avFarameters.., J Mo avParameters are set. ‘
| Wiew Additional Functions = ro additional functions are set. ‘

m\_ Ca\nce_l_‘,'k .ﬁ.pply: J'\_Defau!ts-f'\_Load State J( Sawve State )| Wiew REF [ Help |
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3. Click OK to start DRC.

4. A Progress form will appears. You can click on the watch log file to see the log

file.

5. When DRC finishes, a dialog box appears asking you if you want to view your

DRC results, and then click Yes to view the results of this run.

6. If there any DRC error exists in the design View Layer Window (VLW) and Error

Layer Window (ELW) appears. Also the errors highlight in the design itself.

7. Click View — Summary in the ELW to find the details of errors.

8. You can refer to rule file also for more information, correct all the DRC errors and

Re - run the DRC.

9. If there are no errors in the layout then a dialog box appears with No DRC errors

found written in it, click on close to terminate the DRC run.
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ASSURA LVS

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

and the layout netlist.

Running LVS

1. Select Assura — Run LVS from the layout window. The Assura Run LVS form

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

2. Change the following in the form and click OK.

Run Assura LVS

CEll n

Schematic Desigh Source Use Existing MNetlist -

| Metlisting Options. |

Run Location

Library myDesignLib Gell Inverter wWieny  schematic BErowrse. ..
Lavout Design Source DFEI n Use Existing Extracted hletlist |

Library myDesignlLih Cell Inverter Wissy  layout ! Browse |
Run MMame | Run Directory . ALVS

local B

Wieww Rules Files

Extract Rules

Compare Rules

L] Technology

lgpdkian B

Rule set |detaunt [EY

mce_analog labs 6l3Spwsiassurasextract. rul |

wmndcadence _analog labs 613 pw assuras/comparce. tul

Switch Mames

— Binding Filefs)

—  RS3F Include

Wi, || Beload )
& Wisw . B
Ly Set Switches |
s “ien .. *|
Iy e ol

Wariakhle “alue Ciefault Description
IMane B
| wWieny avParameters [==; ke kAodify avFParameters... 7| 7 avParameters are set
| Wieww avCompareRules L_ rAodify avComparaRBules. .. | 1 avCompare rule is set

| Yiesw Sdditional Functions bkesd

Mo additional functions are set.

k_CanceI Joapply Jl Defaults )| Load State

3. The LVS begins and a Progress form appears.
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4. If the schematic and layout matches completely, you will get the form displaying
Schematic and Layout Match.

5. If the schematic and layout do not matches, a form informs that the LVS completed

successfully and asks if you want to see the results of this run.

6. Click Yes in the form LVS debug form appears, and you are directed into LVS debug
environment.

7. In the LVS debug form you can find the details of mismatches and you need to
correct all those mismatches and Re — run the LVS till you will be able to match the
schematic with layout.

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

1. From the layout window execute Assura — Run RCX.

2. Change the following in the Assura parasitic extraction form. Select output type
under Setup tab of the form.
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ORC (Assura) Parasitic Extraction Run Form

[ Setup || Edraction || Filtering || WNetistng ||  RunDetails || Substrate | =
Technology iépd'ﬂﬁﬂ n RuleSet |[default n =
pziveset  [none B UseMuliRuleSats  _ [

Setup Dir /hiome fdarshan/cadence analog labs 613/ pw/assuraicx u

RSF Include () ey
Rule REF Include W@
Tech Cind File [Defautt [ () Wi Eay

utput |Extracted Yiew n

able Celliew Check

brasitic Res Component
Brasitic Cap Component
Brasitic Ind Component
Brasitic b Component
ductance L1 Prop ld

[l Procedure

bstrate Extract
Ftract ROS Diffusion AP

bstrate Frofile
hrary Prefix

brary Directory

Lib DesignLihb

Cel Inwerter Wiew av_extracted|

presistor Frop Id T =
poapacitor Frop Id e}

pinductor Frop Id L

prind Frop Id k

indl Ihductance L2 Prap ld indZ |

e Exfract MOE Diffusion Res ~

~ Add LYS MOS Diffusion Res ket
|NOME B Extract MOE Diffusion High {HONE -"_] L

o |

| I

specify the R

vference node for extraction.

rfz| OQRC (Assura) Parasitic Extraction Run Form
| setup || Esvaction || Fitiering || MNetisting || RunDetails || Substate | -
Extraction Type 3= n Mame Gpace  Layout Mames n
bz fracture length infinite  |microns n Temperature 250 €
Cap Coupling Made  |Coupled n Ref Mode gnd !
Mult Factor 1.0
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4. In the Filtering tab of the form, Enter Power Nets as vdd!, vss! and Enter Ground
Nets as gnd!

wdd!

Enter Power MNets: wasl

Fram File [ H

SelFromSch

grd !

Enter Ground Mets:

Fram File ]

SelFromSch

4

5. Click OK in the Assura parasitic extraction form when done. The RCX progress
form appears, in the progress form click Watch log file to see the output log file.

5. When RCX completes, a dialog box appears, informs you that Assura RCX run

Completed successfully.

6. You can open the av_extracted view from the library manager and view the
parasitic.
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Creating the Configuration View

In this section we will create a config view and with this config view we will run the

Simulation with and without parasitic.

1. In the CIW or Library Manager, execute File — New — Cellview

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

— File —
| Lilarary imyCesignlib B
| Sell Inwverter Test
| Wie config
|Typs coris K@
—Application
| Cpen with |Hierarchy Editor n
— Abwvavs use this application for this tvpe of file

Library path file
we/darshanscadence_analog lsbs 613 cds. 1ib

m: Cancel Ji Help

3. Click OK in create New File form. The Hierarchy Editor form opens and a New
Configuration form opens in front of it.

Virtuososm Hierarchy Editor = F= B

Elle  Edit Xjew Plugins Help

GO

Global Bindings
Mew Configuration

Litarars:
[~ Top Cen -
cell
s Library: [myDesignlib| B
- cell: [Inverter_Test B
i pen .
~Seen wiews | =
Table - Global Bindings
- cen e
Library List
e List:
Stop List
Constraint List:
- Description ~
L T B e
acz1y| = I]

el

g.a ncel) (_Uzg Tempiste

/

/
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4. Click Use template at the bottom of the New Configuration form and select
Spectre in the cyclic field and click OK. The Global Bindings lists are loaded from the

template.
Use Template
- Template
Mame: i—cbtﬁer;- n
. =ther=
From File:  apas
aul s =

hspicel

spectre™erilog
systamyariioyg
werilog

S whadlinteg

nge the Top Cell View to schematic and remove the default entry from the

5. Ch

New Configuration

~ Top Cell

Library: |myDesignLib
|Inverter_Test

Cell:
Wiews: | schematic
- Global Bindings
Library List
Wienas List spectre cmos_sch cmos. sch schematic veriloga ahdl
Stop List: spectre
Constraint List
- Description
TIETS O TE TS TOT SPecTrs
Flote:
FPlease remember tao replace Top Cell Library, Cell, and Wisws = |
fislds with the actual names used by your design. =
L Zancel | [ lUse Template WHsip

The hierarchy editor displays the hierarchy for this design using table format.
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Edit Miew FPlugins Help

cadence

NN == B | =

| _Top cen 2

|__Global Bindings

= &=

Library: (myDesignlib Library List

oo E[

schematic veriloga. ahdl

Inherited Wisw List

cmos_sch cmos.s...
cmos_sch cmos.s...
cmos_sch cmos.s...
cmos_sch cmos.s...

cmos_sch cmos.s...

Cell: Inverter_Test wiew List: s.sch
Wi schematic Stop List: spectre
Constraint List
<2080
T Table Wiew Tree Wiew
Cell Bindings
_Library I Eally [P 20 = TP P 1 =2 2 R
analogLlib wdo spectre spectre
analogLlib vpulse spectre spectre
gpdklSo nmos spectre spectre
gpdkl1So pmos spectre spectre
myDesignLib Inverter schematic spectre
myDesignLib Inverter_Test schematic spectre

cmos_sch cmos.s...

(1]} Mamespace: COEBEA Filters: OFF

Ty =

7. Click the Tree View tab. The design hierarchy changes to tree format. The form

should look like thys:

Tahle View Tree View
Target: Occurrence

Instance | Wiew Tao Use
=- &5 (myDesignLib Inverter_Test schematic)
7 [ 10 {myDesignLib Invertar schematic)
Q W0 {analoglib vpulse spectre)
2 YT (analoglib vde spectre)

Inherited View List |

spectre cmos_sch cmos...
spectre cmos_sch cmos...
spectre cmos_sch cmos...

=

8. Save the current configuration.

9. Close the Hierarchy Editor window. Execute File — Close Window.
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To run the Circuit without Parasites

1. From the Library Manager open Inverter_Test Config view.

Open Configuration or Top cellview form appears.

Open Configuration or Top CellView

Open for editing

Configuration "myDesignLib Inverter_Test config”

[ ]
ez
m
o3
(

=
o

Top Cell Wiew "myDesignLib Inverter_Test schematic”

_ancel Help

e, A

(]

oo
m
Lar
(
m
o

2. In the form, turn on the both cyclic buttons to Yes and click OK.
The Inverter_Test schematic and Inverter_Test config window appears. Notice the

window banner of schematic also states Config: myDesignLib Inverter_Test config.
3. Execute Launch - ADE L from the schematic window.

4. Now you need to follow the same procedure for running the simulation. Executing
Session- Load state, the Analog Design Environment window loads the previous

>

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

state.

5. Click Netlist and Run icon to start the simulation.

6. In the CIW, note the netlisting statistics in the Circuit inventory section. This

list includes all nets, designed devices, source and loads. There are no
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parasitic components. Also note down the circuit inventory section.

Measuring the Propagation Delay

1. In the waveform window execute Tools — Calculator—

The calculator window appears.

_Virtuoso (R} Visualization & Analysis L Calculaior

File Tools Miew Options Constants Help

- | Results D fexport‘homesdarshandsimulationsinverter_Test'spectresconfig/psr
s it Lo wr [ vde [Owst |0 opr 3 var-|[Gien S wSWE W b G T
' It et T — ido o' 18 - Opt o mp wr Y2 | ZP P - Od s dats

= Off _ Family _ Wave | Clip | Sl 5 sppend B =

~| ¢ By rPop | HEt g | He= [f== | M+ mE

\Special Functions B\ el LB L8 L
b lesl e e

average dftbb gain lshift rm=iloize s

handwidth dnl getasc ave overshoot root =min 1 z 3 -

clip duty Cycle groupDe peak sample Fval

compare Eam G A harmonic perod_jitter settlingTime wmae B bkl b bt

compression SumoIpsk harmonicF phaserdargin slewRate wmin

compressionvRl  eyeDiagram histo phaserloise spectralPower user 1 user.2

conyolye flip iinteqg &1el spectrum user 3 user =

Cross TourEwal integ stoldew

dBm freg intersect tangent

del=a Treq_jitter ipn thd

deriv frequency ipnvRIL unityGainFreqg

dft gainBwProd  loadpull value

~ N

status area B
14| |

2. From the functions select delay, this will open the delay data panel.

3. Place the cursor in the text box for Signall, select the wave button and select the
input waveform from the waveform window.

4. Repeat the same for Signal2, and select the output waveform.

5. Set the Threshold value 1 and Threshold value 2 to 0.9, this directs the calculator
to calculate delay at 50% i.e. at 0.9 volts.

6. Execute OK and observe the expression created in the calculator buffer.
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2

7. Click on Evaluate the buffer icon
the value returned after execution.

to perform the calculation, note down

8. Close the calculator window.

To run the Circuit with Parasites

In this exercise, we will change the configuration to direct simulation of the
av_extracted view which contains the parasites.

1. Open the same Hierarchy Editor form, which is already set for Inverter_Test config.

2. Select the Tree View icon: this will show the design hierarchy in the tree format.

3. Click right mouse on the Inverter schematic.

A pull down menu appears. Select av_extracted view from the Set Instance view
menu, the View to use column now shows av_extracted view.

. e Y
Virtuoso®@ Hierarchy Editor: (myDesignLib Inverter_Test config) o |1IERIENES
File Edit Xiew Plugins Help cédence
Il =l | B s = @ | &7
|_Top cen 72 x| | Global Bindings 7 8%
it [Frrbeeanlis n Library List: myDesignlib
Cell:  |Inverter_Test <none= ot
Views  |schematic avmrracted
Expand By Instance Group layout
Explain... schematic
Open
et i open... symbaol
Cipen (Read-Only).. &y Source File...
Tahble Wiew Tree Wiew Add Stop Point |4 Reference Verilog..
Targetsinstonce Remove Stop Point
Instance | Add Bind To Cpen.. Inhierited Misw List |
= £ (rnyDesignlib Inverter_Test schematic Remove Bind To Sipen
[ atic) Jectre cmo

i spectre cmos_ .
w20 W1 (analoglib vdc spectre) spectre cmos_sch cmos.sch...

Il Hamespace: COBA  Filters: QFF
a7 >
<
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B

4. Click on the Recompute the hierarchy icon, the configuration is now

updated from schematic to av_extracted view.

-

6. From the Analog Design Environment window click Netlist and Run to

start the simulation again.

7. When simulation completes, note the Circuit inventory conditions, this time the
list shows all nets, designed devices, sources and parasitic devices as well.

8. Calculate the delay again and match with the previous one. Now you can conclude
how much delay is introduced by these parasites, now our main aim should to
minimize the delay due to these parasites so number of iteration takes place for
making an optimize layout.

Generating Stream Data
Streaming Out the Design

1. Select File — Export — Stream from the CIW menu and Virtuoso Xstream out form
appears change the following in the form.

Virtuoso(R) XStream Out

Strearmn Fle® ferporthormelidarshandcadence _analog_labs 6130 nverter.gols e
Techrnology Library | gpdk1350
Library™ [rl_l.!'EJF_eﬂgnLib
Toplewvel Cell{s) Inveerter
ey lagrout
Optichs y Load Hisrarchy T Translate Carcel
Load Template. | Save Template. Fefresh Liba Help ’ Feset Options

1 f ;
\ I
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2. Click on the Options button.

3. In the StreamOut-Options form select ¥ Use futomatic Mapping ynder Layers tab and

click OK.

4. In the Virtuoso XStream Out form, click Translate button to start the stream

translator.

S. The stream file Inverter.gds is stored in the specified location.

Streaming In the Design

1. Select File — Import — Stream from the CIW menu and change the following

in the form.

Virtuoso(R) X5tream In

Stream File® fesporthomeidarshanicadence analog_labs 6137 nverter gds i
Destination Library® EDS_LIB n
Attach Techrology Library | gpok1 80 n
Top Cell Irverter '
Load ASCI Tech File fexporthomeidarshanicadence_analog_labs 613MechFilesigpdk180_oa22 if iw_
Options Load: File g Translate Canicel
Loz Teﬂplate dave Template FRefresh Libs Help Figset Options
‘ ; =
| I 4
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You need to specify the gpdk180_oa22.tf file. This is the entire technology file that
has been dumped from the design library.

2. Click on the Options button.

3. In the StreamOut-Options form select ¥ Usesutomatic Mapping under Layers tab and
click OK.

4. In the Virtuoso XStream Out form, click Translate button to start the stream
translator.

S. From the Library Manager open the Inverter cellview from the GDS_LIB library and
notice the design.

6. Close all the windows except CIW window, which is needed for the next lab.

END OF LAB 2.1
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Lab 2.2: A NAND GATE

Schematic Capture

pmos

nmos
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Schematic Entry

Objective: To create a new cell view and build A NAND gate

Use the techniques learned in the Lab2.1 to complete the schematic of NAND gate.

This is a table of components for building the nand gate schematic.

Library name Cell Name Properties/Comments
gpdk180 Pmos Model Name = pmos1,pmos2;
gpdk180 Nmos Model Name =nmos1,nmos2;

Type the following in the ADD pin form in the exact order leaving space between the

pin names.

Pin Names Direction

Vinl vin2 Input

vout Output

vdd vss Input
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Symbol Creation

Objective: To create a symbol for the nand gate

Use the techniques learned in the Lab2.1 to complete the symbol of NAND gate
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Building the NAND Test Design

Objective: To build NAND_test circuit using your NAND gate

Using the component list and Properties/Comments in the table,

build the cs-amplifier_test schematic as shown below.

Library name | Cellview name Properties/Comments

myDesignLib cmos_nand Symbol

Define pulse specification as

analogLib vpulse In lab 2.1

analogLib vdd,vss,gnd vdd=1.8 ; vss= 1.8
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Analog Simulation with Spectre

Objective: To set up and run simulations on the NAND gate design.

Use the techniques learned in the Lab2.1 to complete the simulation of NAND gate,
ADE window and waveform should look like below.

Virtuoso® Analog Design Environment (1) - Hsolutions cmos_nand_test schematic

Session Setup  Analyses Mariables Outputs  Simulation Results Tools  Help cadence
) analyses Z =]
Eesignsyiariahlos __ Twpe — | Enable| Arguments | =
Iame ~ Walue | 1 tran ~ 0 80n moderate ke

“Trans
=z
=
s -5 x| @
= MamesSignaldE=spr = | ¥alue| Flot | Save] Save Oplions | U
1 nets o ally g
2 nets o ally | T
& wout v allw
Plot after simulation: | @uta B riotting mods: Replace B

mouse L P R:

Sc&) | Metlist and Run Status: Ready | T=2F7 < | Simulator. spectre | State: state1|
e

<& Applications Actions & 5 £ 6 - @ D > F @ Tue Feb 28, 21:11 @)
Active : Hsolulions cmos_nand_test schematic : Feb 28 21:10:54 2012 10

File Edit Frame Graph Axis Trace Marker Zoom Tools Measurements Help cadence

=S #3E [ESReaN =Nt @SSk S EF sf]Label

Feb 28, 2012 Transient Response &

2.0
175
1.5

H
i

V)
Mooy e
on o v ;o n

V
N

My

20 40
time (ns)

60 80
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Creating a layout view of NAND gate

Use the techniques learned in the Lab2.1 to complete the layout of NAND gate.
Complete the DRC, LVS check using the assura tool.

Extract RC parasites for back annotation and Re-simulation.

END OF LAB 2.2

Analog lab manual



cadence’

Lab 2.3: A XOR GATE

Schematic Capture
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Schematic Entry

Objective: To create a new cell view and build A XOR gate

Use the techniques learned in the Lab2.1 to complete the schematic of XOR gate.

This is a table of components for building the XOR gate schematic.

Library name Cell Name Properties/Comments
gpdk180 Pmos Model Name =

pmosl,pmos2,pmos3,pmos4;
gpdk180 Nmos Model Name

=nmos1,nmos2,nmos3,nmos4;

Type the following in the ADD pin form in the exact order leaving space between the

pin names.

Pin Names Direction

Vinl vin2 Input

vout Output

vdd vss Input
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Symbol Creation

Objective: To create a symbol for the XOR gate

Use the techniques learned in the Lab2.1 to complete the symbol of XOR gate
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Building the XOR Gate Test Design

Objective: To build cmos_xor_test circuit using your cmos_xor

Using the component list and Properties/Comments in the table,

build the cs-amplifier_test schematic as shown below.

Library name | Cellview name Properties/Comments

myDesignLib cmos_XOR Symbol

Define pulse specification as

analogLib vpulse Inlab 2.1

analogLib vdd,vss,gnd vdd=1.8 ; vss= 1.8
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Analog Simulation with Spectre

Objective: To set up and run simulations on the XOR gate design.

Use the techniques learned in the Lab2.1 to complete the simulation of XOR gate, ADE
window and waveform should look like below.

@ Applications Actions @& Sl & D > s @ Tue Feb 28,2116 Q)
Active : Hsolutions cmos_xor_test schematic : Feb 28 21:15:48 2012 17 £

File Edit Frame Graph Axis Trace Marker Zoom Tools Measurements Help cadence

BrpEAFOEE DR =E b |

Feb 28, 2012 Transient Response E]

2.0
TS
i
L
= 1.0
= 75
35

25

0

=P
2.0

LS

1.5

1.25
Z 10
>

oo . ‘ ‘ ; : ; ‘ ‘ : ; : ‘ ;
a 50.0 100 150 200
70.106ns|  1.71189Y i sy

e >

=

Analog lab manual



cadence’

Creating a layout view of XOR gate

Use the techniques learned in the Lab1l and Lab2 to complete the layout of XOR gate.
Complete the DRC, LVS check using the assura tool.

Extract RC parasites for back annotation and Re-simulation.

END OF LAB 2.3
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Lab 2.4: A FULL ADDER

Schematic Capture

© pmoe
i

e
nmoe
. FinmoET

=

o
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Schematic Entry

Objective: To create a new cell view and build A FULL ADDER gate

Use the techniques learned in the Lab2.1 to complete the schematic of FULL ADDER

gate.

This is a table of components for building the FULL ADDER gate schematic.

Library name Cell Name Properties/Comments
gpdk180 Pmos Model Name =

pmos1,pmos2,pmos3,pmos4;
gpdk180 Nmos Model Name

=nmos1,nmos2,nmos3,nmos4;

Type the following in the ADD pin form in the exact order leaving space between the

pin names.

Pin Names Direction

Vinl vin2 Input

vout Output

vdd vss Input
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Symbol Creation

Objective: To create a symbol for the FULL ADDER

Use the techniques learned in the Lab2.1 to complete the symbol of FULL ADDER
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Building the Full Adder Test Design

Objective: To build full adder_test circuit using your full _adder

Using the component list and Properties/Comments in the table,

build the Full adder_test schematic as shown below.

Library name | Cellview name Properties/Comments

myDesignLib cmos_FULL ADDER Symbol

Define pulse specification as

analogLib vpulse Inlab 2.1
analogLib vdd,vss,gnd vdd=1.8 ; vss= 1.8
r |
b Virtuoso® Analog Design Environment (3) - Hsolutions full_adder schematic = || B ||
Zession Setup  Analyses Wariables Outputs  Simulation Results Tools Help cé dence
Analyses ZiTx —
Ciezign Yariables = = -
- _.Type—|Enahle| . Arguments | £
[ame = | Walue | |3 tran v 0 160n moderate iy
Smans
x.
Outputs '?glx{ ﬁ
. Mame/Signal/Expr | Value| Plot| Save| Save Optians. | ()
1 a W =l allw
2 b o =l ally E"u ;
i o = allw
. s L ~ =l ally
5 carry W =i ally
Flot after simulation: &uto n Plotting mode: |[Feplace n
umouse L Pt R:“
13(20) | Save State .. | status; Ready | T=27 © | Simulator spen:tre|

Analog lab manual m



cadence’

Analog Simulation with Spectre

Objective: To set up and run simulations on the FULL ADDER design.

Use the techniques learned in the Lab2.1 to complete the simulation of FULL ADDER,
ADE window and waveform should look like below.

Active : Hsolutions full_adder schematic : Feb 23 21:33:03 2012 26 - || H
File Edit Frame Graph Axis Trace Marker Zoom Tools Measurements Help cadence

Feb 25, 2012 Transient Responze E]

2.0

] 25.0 50.0 5.0 100.0 125.0 150.0 175.0
time (ns)

- graphl
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Creating a layout view of FULL ADDER

Use the techniques learned in the Lab1l and Lab2 to complete the layout of FULL
ADDER.

Complete the DRC, LVS check using the assura tool.

Extract RC parasites for back annotation and Re-simulation.

END OF LAB 2.2
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Lab 2.5: A LATCH

Schematic capture

©oom :E_I'I and

o=

ps-nand
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Schematic Entry

Objective: To create a new cell view and build A LATCH

Use the techniques learned in the Lab2.1 to complete the schematic of LATCH.

This is a table of components for building the LATCH schematic.

Library name Cell Name Properties/Comments
gpdk180 Pmos Model Name =

pmosl,pmos2,pmos3,pmos4;
gpdk180 Nmos Model Name

=nmos1,nmos2,nmos3,nmos4;

Type the following in the ADD pin form in the exact order leaving space between the

pin names.

Pin Names Direction

Vinl vin2 Input

vout Output

vdd vss Input
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Symbol Creation

Objective: To create a symbol for the LATCH

Use the techniques learned in the Lab2.1 to complete the symbol of LATCH

[@thstanceNc

@partame]
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Building the latch Test Design

Objective: To build latch_test circuit using your latch

Using the component list and Properties/ Comments in the table,

build the latch_test schematic as shown below.

Library name | Cellview name Properties/Comments
myDesignLib cmos_LATCH Symbol
Define pulse specification as
analogLib vpulse Inlab 2.1
analogLib vdd,vss,gnd vdd=1.8 ; vss= 1.8
s Virtuoso® Analog Design Environment (3} - Hsolutions full_adder schematic = [=1E=T
Session  Setup  Analyses Variables  Outputs  Simulation Besults Tools Help cédence
i ; Analyses Zicia] —
Ciesign “ariables __Tywpe — | Enahle| . _oArguments | E’
Mame = Walues 1 tran ~ 0 160n moderate =
Cimans
x.
Outputs 7@!)({ 6
_ . MamesSignal/Expr | Value| Plot| Save| Save Options | )
1= ~ = all =
2 b - = ally W\
g [ad o - allw
2 SU o =) ally
5 carry - = allv
Flot after simulation: |Auto n Flotting mode: Feplace n
umouse | Pt - R:“
1320y | Save State .. | status: Ready | T=27 < | Simulator: spectrel
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Analog Simulation with Spectre

Objective: To set up and run simulations on the LATCH design.

Use the techniques learned in the Lab2.1 to complete the simulation of LATCH, ADE
window and waveform should look like below.

o

Active : Hsolutions full_adder schematic : Feb 28 21:33:03 2012 26 = (| E
File Edit Frame Graph Axis Trace Warker Zoom Toaols Measurements Help cadence

SrH#EEl FEEES B o {F == B [ ]Lape | |

Feb 25, 2012 Transient Responze E_]

2.0

] 25.0 50.0 75.0 100.0 125.0 150.0 175.0
time (ns)

160ns| 0.0y
C - graphl
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Creating a layout view of LATCH

Use the techniques learned in the Labl and Lab2 to complete the layout of LATCH.
Complete the DRC, LVS check using the assura tool.

Extract RC parasites for back annotation and Re-simulation.

END OF LAB 2.5
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Lab 2.6: A SRAM

Schematic capture

o
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Schematic Entry

Objective: To create a new cell view and build A SRAM

Use the techniques learned in the Lab2.1 to complete the schematic of SRAM.

This is a table of components for building the SRAM schematic.

Library name Cell Name Properties/Comments
gpdk180 Pmos Model Name =

pmosl,pmos2,pmos3,pmos4;
gpdk180 Nmos Model Name

=nmos1,nmos2,nmos3,nmos4;

Type the following in the ADD pin form in the exact order leaving space between the

pin names.

Pin Names Direction

Vinl vin2 Input

vout Output

vdd vss Input
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Symbol Creation

Objective: To create a symbol for the SRAM

Use the techniques learned in the Lab2.1 to complete the symbol of SRAM
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Creating a layout view of SRAM

Use the techniques learned in the Labl and Lab2 to complete the layout of SRAM gate.
Complete the DRC, LVS check using the assura tool.

Extract RC parasites for back annotation and Re-simulation.

END OF LAB 2.6
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Lab 3: A GREY TO BINARY CODE
CONVERTER

Schematic capture
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Schematic Entry

Objective: To create a new cell view and build A GREY TO BINARY CODE

CONVERTER

Use the techniques learned in the Lab2.1 to complete the schematic of GREY TO
BINARY CODE CONVERTER.

This is a table of components for building the GREY TO BINARY CODE CONVERTER

schematic.

Library name Cell Name Properties/Comments
gpdk180 Pmos Model Name =

pmosl,pmos2,pmos3,pmos4;
gpdk180 Nmos Model Name

=nmos1,nmos2,nmos3,nmos4;

Type the following in the ADD pin form in the exact order leaving space between the

pin names.

Pin Names Direction

Vin1l vin2 Input

vout Output

vdd vss Input
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Symbol Creation

Objective: To create a symbol for the GREY TO BINARY CODE CONVERTER

Use the techniques learned in the Lab2.1 to complete the symbol of GREY TO BINARY
CODE CONVERTER gate
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Creating a layout view of GREY TO BINARY
CODE CONVERTER

Use the techniques learned in the Labl and Lab2 to complete the layout of GREY TO
BINARY CODE CONVERTER.

Complete the DRC, LVS check using the assura tool.

Extract RC parasites for back annotation and Re-simulation.

END OF LAB 3
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4. Introduction to SPICE Simulation and
coding of NMOS/PMOS Circuits.

SPICE is a powerful general purpose analog circuit simulator that is used to verify
circuit designs and to predict the circuit behavior. This is of particular importance for
integrated circuits. It was for this reason that SPICE was originally developed at the
Electronics Research Laboratory of the University of California, Berkeley (1975), as its
name implies:

Simulation Program for Integrated Circuits Emphasis.
A SPICE input file, called source file, consists of three parts.
1. Data statements: description of the components and the interconnections.

Ex: Voltage source statement: Vname N1 N2 Value Type

Vi (2 0) vsource dc=10
type=dc

N1 is the positive terminal node
N2 is the negative terminal node
Type can be DC, AC or TRAN, depending on the type of analysis

Value gives the value of the source

2. Control statements: Tells SPICE what type of analysis to perform on the
circuit.

Ex: DC Statement: This statement allows you to increment (sweep) an
independent source over a

Certain range with a specified step. The format is as follows:
DC SRCname START STOP STEP

dc dc dev=V1 param=dc start=0 stop=1.8 oppoint=rawfile maxiters=150
maxsteps=10000 annotate=status

In which SRC name is the name of the source you want to vary; START and STOP are
the starting

And ending value, respectively; and STEP is the size of the increment.
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3. Output statements: specifies what outputs are to be printed or plotted.

Ex: Save vout vin

Coding of MOS:

The MOS transistor name (Nname) has to start with a M; ND, NG, NS and
NB are the node numbers of the Drain, Gate, Source and Bulk terminals, respectively.
ModName is the name of the transistor model. L and W are the length and width of the
gate.

Spice code of NMOS: NMO (vout vin O 0) nmosl w= (2u) 1=180n as=1.2p ad=1.2p
ps=5.2u pd=5.2u

m= (1)*(1)

Spice code of PMOS: PMO (vout vin vdd vdd) pmos1 w=(2u) 1=180n as=1.2p ad=1.2p
ps=5.2u pd=5.2u m=(1)*(1)

In which ad and as are the areas of source and drain diffusion.

pd and ps are the value of the perimeter of the source and drain.

End of lab 4
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Lab:5.1 SPICE Simulation of Basic Analog
Circuits: Inverter.

A) Inverter

1. Log in to your workstation using the username and password.

The home directory has a cshrc file with paths to the Cadence installation.

2. In a terminal window, type csh at the command prompt to invoke the C shell.
>csh

>source cshrc

3. Change to the course directory by entering this command:

>cd ~/Database/cadence_analog labs_613

4. In the same terminal window, observe the code of inverter and close.

> gedit inverter.scs

= 8 B <& Applications Actions & & ¢ ) Tue Feb 28, 2o:11

- /scratich/ JNTUSOLUTIONS/inverter.scs - gedit

Eile Edit View Search Tools Documents Help

: = . = e | = B B

Z New Open Save Print 1 Undo Redo 1 Cut Copy Paste Find Replace
inverter.scs %

imulator lang=—spectre

=zlobal O

include "/scratch/database/scratch/varal/cadence/cadence_ms_labs_613/models/spectre/gpdk.scs"
section=stat

NMO (vout wvin O 0) nmosl w=(2u) 1=180n as=1.2p ad=1.2p ps=5.2u pd=5.2u m=(1)*(1)

PMO (vout win wvdd wvdd) pmosl w=(2u) 1=180n as=1.2p ad=1.2Zp ps=5.2u pd=5.2u m=C1)* (1)

V1 (wvin 0) wsource type=pulse val0O=0 wvall=1.8 period=40n delay=I1n rise=In fall=1n width=20n
V3 (vdd 0) wvsource dc=1.8 type=dc

tran tran stop=100n write="spectre.ic” writefinal="spectre.fc” annotate=status maxiters=5
dc dc dev=V1l param—dc start—0 stop=—1.8 oppoint—rawfile maxiters—150 maxsteps—10000 annotate—status

save vout wvin

Lnl Coll
[ # Screenshot.png | & root@localhost:/scratch |< /scratch/ JNTUSOLUTIONS/inver [ = |
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5. Compile the inverter.scs code

>spectre inverter.scs

& Applications Actions

)

Eile Edit Miew Terminal Tabs Help
dec: de = 864 mV (48 %), step = 36 mV (2 %)
dc: dc 900 mV {50 %), step = 36 mV (2 %)
dc: dc 936 mV (52 %), step = 36 mV (2 %)
de: dec 972 mv (54 %), step = 36 mV 2 %)
dc: dc 1.008 V (56 %), step = 36 mV 2 %)
dc: dc 1.044 WV (58 %), step = 36 mV (2 %)
dec: dec 1.08 V (60 %), step = 36 mV (2 %)
de: de 1.116 V (62 %), step = 36 mV (2 %)
de: de 1.152 V (64 %), step = 36 mV 2 %)
dc: dc 1.188 V (66 %), step = 36 mV (2 %)
de: dc 1.224 V (68 %), step = 36 mV (2 %)
dc: dc 1.26 V (70 %), step = 36 mV (2 %)
dc: dc 1.296 V (72 %), step = 36 mV 2 %)
de: de 1.332 V (74 %), step = 36 mV 2 %)
dec: de 1.368 V (76 %), step = 36 mV (2 %)
dc: dc 1.404 V (78 %), step = 36 mV (2 %)
de: de 1.44 V (B0 %), step = 36 mV (2 %)
dec: dc 1.476 V (82 %), step = 36 mV 2 %)
dc: dec 1.512 Vv (84 %), step = 36 mV (2 %)
dc: dc 1.548 V (86 %), step = 36 mV (2 %)
dec: dec 1.584 V (BB %), step = 36 mV €2 %)
de: de 1.62 V (90 %), step = 36 mV 2 %)
de: de = 1.656 V (92 %), step = 36 mV (2 %)
dc: de = 1.692 V (94 %), step = 36 mV (2 %)
dc: de = 1.728 V (96 %), step = 36 mV (2 %)
de: de = 1.764 V (98 %), step = 36 mV 2 %)
dc: de = 1.8 V {100 %), step = 36 mV (2 %)

Total time reguired for dc analysis ‘dc': CPU = 17.998 ms, elapsed = 396

Time accumulated: CPU = 398.938 ms, elapsed = 1.42737 s.

Peak resident memory used = 24.2 Mbytes.

Aggregate audit (8:13:12 PM, Tue Feb 28, 2012):

Time used: CPU = 424 ms, elapsed = 1.48 s, util. = 28.5%.

Time spent in licensing: elapsed = 128 ms, percentage of total = B.63%.

Peak memory used = 24.2 Mbvtes.

spectre completes with O errors, 0 warnings, and O notices.

0:13:12 (cdslmd) IN: "Virtuoso_ S
[root@localhost JNTUSOLUTIONS]S$

B root@ |localhost:/scratch |

ectre"” root@localhost.localdomain

6. Open Virtuoso visulization & Analysis browser.

>viva inverter.scs

S Tue Feb 28, 20:13

-262 ms.

1l

I

i

R

b

= 3% B <& Applications Actions & S @ Tue Feb 28, 20:21
[~ Virtuoso (R) Vi & Analy xL EENES
B FEile Tools options Help cadence
|Replace B = = = ()
B
Signals Search

Tq
T4
Pq
Ag
|
T
Pq
sy
2d
[
- —_— TR

~ Log: /root/CDS. log 2 =)= =]
gg File Tools Options Help cadence
24 SInfo+ Firoument —mode is nob used. From IGG14 orwords Vive cuns
2d with XL mode
[x Loading wiwa. oxt
= Loading aww. oxt =

Loading oasis. ot -
- —

II _——
2d nmouse L =) B
2d 1] = |
Ofz|
=% | [B¥ root@localhost/scratch |E] Log: sreovcDs.10g.2 IEZ R) & Analys
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7. Examine the visulization & Analysis browser. a) Select the Append and open the File
/Database/cadence_analog labs_613/inverter.raw

<& Applications Actions

=)

Eile Tools

Dptions

Help

Virtuoso (R) Visualization & Analysis XL browser

& Tue Feb 28, 20:16

= [l

cadence

|Aappend n o5

= | Dpen Results...

| & Q==
Directory MName
fscratch/dJNTUSOLUTION S Anvarter raw

=5 i
B ¥ scratch
B JNTUSOLUTIONS
B = in er,r .

Location: inverter raw

oK o Epply Refresh

Cancel

4

B shen B

|H root@ localhost:/scratch

I.( ! [Log: /froot/CDS.log.2]

[ virtuoso (R) Visualization & Analy|

8) For transient analysis: Click on trans-trans , vout and vin

<& Applications

Actions

)

Eile Tools

DOptions

Virtuoso (R) Visualization & Analysis XL browser

Help

Craph Axis Trace Marker Zoom

ols Measure

— File

O ile al
S #HEINESREE 7 B Ak = B J
[ Feb 28, 2012 Transient Analysis “tran': time = (0 s —> 100 ns) E

Z | Open Results

TUSOLUTIOMNS inverter.raw

2.0
1.75

Signals

win 155,

 E
= 10
=
75
2
25

0.0
2.0

1.75
15
1.25

=
= .75

A
i
o
-.25

(9] 25.0

[ a1 a65ns[ &S86. 905mv

@ | >

S0.0
time (hs)

75.0 100

graphl.label-1

Q - | ~ [ELEl |~ |

= -3 |ﬂ root@ localhost:/scratch |[C] [Log: /root/CDS.log.2] |”f" Virtuoso (R) Vlsuallzauorl'*ﬂ- Active : Graph Window 5|
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9) For DC analysis: Click on dc-dc, vout.

=

& @1 TueFeb 28, 20:18

cadence

=B k.3

| File Edit Fram¢ Grapl Axis Trace Marke Zoorr Tool: Measuremel Helradence |

& [ 8 FEBEE o AP o E A Lake [
Feh 28, 2012 DC Analysis “de’ wldo = (0¥ > 1.8Y) ]
Bvout
2L

1.7%

1.5

1.2%

_ 10
=
o=

75

.25

0.0 .25 5 75 1.0 125 15 175 2.0

[F48.20zmv | B60.107mv de ()
- >

B B

3\:,,‘ o B & Applications Actions &3
Virtuoso (R) Visualization & Analysis XL browser
File Tools Optians  Help
|Append Bl s 5 | Q ¥
N Yo | {@
finverterraw
B B ssoratch/dMTUSOLUTIONS ARveter.raw
E- [ tran-tran Signals
win
Q -
2 | Open Results...

= : |H root@ localhost:/scratch 4 [Log: froot/CDS.log.2] |"f" Virtuoso (R} Visualizariorl_‘*ﬂv' Active : Graph Window 4

End of lab 5.1
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Lab:5.2 SPICE Simulation of Basic Analog
Circuits: Differential amplifier

1) Change to the course directory by entering this command:

> cd ~/Database/cadence_analog labs_613

2) In the same terminal window, observe the spice code of differential amplifier and
close.

> gedit Diff_amplifier.scs

& R B & Applications  Actions @ @) TueFeb28, 21144

@localhost:/scratch

File Edit View Terminal Tabs Help

simulator lang=spectre [~
global 0
include "/scratch/database/scratch/varal/cadence/cadence_ms_labs_613/models/spectre/gpdk.scs" section=stat

NMO (wvout O net8 net06) nmosl w=(3u) 1=1u as=1.8p ad=1.8p ps=7.2u pd=7.2u m=(1)*(1)
NM2 (net8 idc vss wss) nmosl w=(4.5u) 1=1u as=2.7p ad=2.7p ps=10.2u pd=10.2u m=(1)*(1)
NM1 (net7 vin net8 net06) nmosl w=(3u) l=lu as=1.8p ad=1.8p ps=7.2u pd=7.2u m=(1)*(1)
NM3 (didc idc wss vss) nmosl w=(4.5u) 1=lu as=2.7p ad=2.7p ps=10.2u pd=10.2u m=(1)*(1)
PM1 (vout net? vdd vdd) pmosl w=(15u) 1=1u as=9p ad=9p ps=31.2u pd=31.2u m=(1)*(1)
PMD (net7 net7 vdd vdd) pmosl w=(15u) 1=1u as=0p ad=9p ps=31.2u pd=31.2u m=(1)*(1)

V2 (net06 0) vsource dc=-2.5 type=dc

V1 (vss 0) vsource de=-2.5 type=dc

VO (vdd 0) vsource dc=2.5 type=dc

I1 (vdd ide) isource de=30u type=dc

V3 (vin 0) wvsource mag=1 type=sine sinedc=0 ampl=5m freg=1K

simulatorOptions options reltol=le-3 vabstol=1le-6 iabstol=1e-12 temp=27 \
tnom=27 scalem=1.0 scale=1.0 gmin=le-12 rforce=1 maxnotes=5 maxwarns=5 \
digits=5 cols=80 pivrel=le-3 sensfile="../psf/sens.output"
checklimitdest=psf

tran tran stop=4m write="spectre.ic" writefinal="spectre.fc" annotate=status maxiters=5
finalTime0P info what=oppoint where=rawfile

ac ac start=1 stop=500G annotate=status
dcOp dc write="spectre.dc" maxiters=150 maxsteps=10000 annotate=status
dcOpInfo info what=oppoint where=rawfile

dec dc dev=V3 param=dc start=-5 stop=5 oppoint=rawfile maxiters=150 maxsteps=10000 annotate=status
modelParameter info what=models where=rawfile

element info what=inst where=rawfile

outputParameter info what=output where=rawfile

designParamVals info what=parameters where=rawfile

primitives info what=primitives where=rawfile

save vout vin

savelptions options save=allpub

"Diff_amplifier.scs" 37L, 1750C 37,0-1 A1l 5

-

|E root@|ocalhost:/scratch B ro0t@localhost:~/simulation/dif |§E§
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3. Compile the inverter.scs code

>spectre Diff amplifier.scs

@ % <& Applications Actions e § {1 Tue Feb 28, 20:13

localhost:/scratch

Eile Edit View Terminal Tabs Help

dc: dc = 864 mV (48 %), step mV (2 %) L

dc: de = 900 mV {50 %), step mV (2 %)

dc: de = 936 mV (52 %), step = mV (2 %)

dc: dc 972 mV (54 %), step mV (2 %)

dc: dc 1.008 WV (56 %), step mV €2 %)

dc: dec 1.044 V (58 %), step mvV (2 %)

de: de 1.08 V (60 %), step mV {2 %)

de: de = 1.1168 V (62 %), step = mV (2 %)

dec: de = 1.152 V (64 %), step mV (2 %)

dc: dc = 1.18B8 V (66 %), step = mV (2 %)

dc: dc = 1.224 V (68 %), step mV (2 %)

dc: de = 1.26 V (70 %), step mV (2 %)

dc: de = 1.296 V (72 %), step = mV (2 %)

dec: de = 1.332 V (74 %), step = 36 mV (2 %)

dc: dec = 1.368 V (V6 %), step = mV (2 %)

dec: dc 1.404 vV (78 %), step mvV (2 %)

de: dec 1.44 V (80 %), step mV (2 %)

dc: dc 1.476 V (82 %), step mV (2 %)

de: de = 1.512 vV (84 %), step = mV (2 %)

dc: dc = 1.548 V (B6 %), step = mV (2 %)

dc: dc 1.584 V (BB %), step mV £2 %)

dec: de = 1.62 V (90 %), step = mvV (2 %)

de: de = 1.656 V (92 %), step mV (2 %)

de: de = 1.892 V (94 %), step mV (2 %)

dc: dc = 1.728 V (96 %), step = mv (2 %)

dc: de = 1.764 V (98 %), step = 36 mV (2 %)

dc: de = 1.8 V (100 %), step = 36 mV (2 %)
Total time required for dc analysis "de': CPU = 17.998 ms, elapsed = 396.262 ms.
Time accumulated: CPU = 398.938 ms, elapsed = 1.42737 s.
Peak resident memory used = 24.2 Mbytes.
Aggregate audit (8:13:12 PM, Tue Feb 28, 2012):
Time used: CPU = 424 ms, elapsed = 1.48 s, util. = 28.5%.
Time spent in licensing: elapsed = 128 ms, percentage of total = 8.63%.
Peak memory used = 24.2 Mbytes. i
spectre completes with 0 errors, 0 warnings, and 0 notices.
20:13:12 (cdslmd) IN: "Virtuoso_Spectre'" root@localhost.localdemain
[root@localhost JNTUSOLUTIONS]E

’|i root@ |ocalhost:/scratch |

4. Open Virtuoso visulization & Analysis browser.

>viva Diff amplifier.scs

= o8 B <& Applications Actions & @) Tue Feb 28, 21:46
~ Virtuoso (R) Wi i i & A ysis XL -1 ] %
File Tools Qptions Help cadence
|Replace n = - = [
B
Signals Search
.. = Log: frooyCDS. log.2 2 - BEaES
File Tools Optiohs Help cadence
*Info* Argument -mode 1s not used From IG614 onwards WiVa runs
with XL mode
Loading wiwa. ot
Loading =mw. oot =
Loading oasis. oxt =
I =
nmouse L [l L
gl = e
| B8 root@localhost:/scraich |C€] Log: froow/c DS log.2 |5 virtueso Ry ization & Analy: ==
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S. Examine the visulization & Analysis browser. a) Select the Append and open the
/Database/cadence_analog labs_613/Diff amplifier.raw file

§§ % Q <& Applications Actions % 9 D Tue Feb 28, 21:46
N Virtuoso (R} Visualization & Analysis XL browser -] %
File Tonls Dptions Help cadence

\Replace n

© oo

Directory Mame:

Frateh/JNTUSOLUTIONS/DIf_amplifier.raw [l

[EN=]
B = scratch
= ARTUSOLUTIONS
= Diff_amp

B inverterraw

oK Apply Refresh _Cancel

a - B B .
& | Cpen Results

| B root@localhost: fscratch |[€] Log: freot/cDS.log.2 [ vinuoso (R) Visualization & Analys| =

8) For transient analysis: Click on trans-trans, vout and vin

= X B @& Applications Actions & & @) Tue Feb 28, 21:47
ot Virtuoso (R) Visualization & Analysis XL browser = |l & |fl e : Graph Window 3
File Tools Optians Help cadencd File Edit Fram Grap £xit Trac Marke Zoon Tool Measureme Heigdence |
S h#ENEEBE & ¥ E 5l P o FE o jraver [ H
[Append - =S | & 9 Fel 28, 2012 Transient Analysis “tran® time = (0 s —> 4 ms) i
AL X | {= 7.5an
SO _amplifier raw n = i
= secratchd APTUSOLUTIO NS DT _amplifier raw
e % Signals Search
LA finalTimeOP-info & 0. 2.5
BE ac-ac ﬁ V-I:p -
B2 deOp-de ﬁ vz:p z
L deOplnfo-info == P £ 07
B de-de FQ% ale =
e : idc
La modelParameter-info net7 _z.54
L element-info
e 4 nets
Lo outputFarameter-info ™ netl&
L designParamyals-info el -5.0+
L e e =
3 primitives-info primitives s
=S
WSS 2 g-wout
22
2.0+
=1 8]
=
1.6+
1.4+ [
n ERPL T T T
Q - 2 (8] 1.0 . 2.0 z.0 4.0
— — ||[1.977ms| 1.808v time (ms)
Pl | Cpen Results @ > Can't delete last graph: to close window use File->Close [1
i = T 5 Z a— T mm—
-5 ;|ﬂ root@ localhost:/scratch Im Log: /root/CDS.log.2 IW Virtuoso (R) \ﬁsuahzatmrIN_N Active : Graph Window 3| DEQ E‘ | l
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9) For DC analysis: Click on dc-dc, vout.

<& Applications Actions

2

=% e

10) For AC analysis: Click on ac-ac and vout

Virtuoso (R) Visualization & Analysis XL browser =8| *
File Tools Qptions  Help cadence EllLEa o
SE#EOEHE T B X =Ea =
j3ehlace - = L) Feh 28, 2012 DC Analysis “do' ¥3ide = (5% -> 5[]
B X% | = ——
LOIf_amplifier raw n = 32
[E=) fsoratch/ dNTUSOLUTIOMNS/DIf _amplifier raws
[ tran-tran Signals Search
|__] finalTimeOP-info E o
Ea ac-ac FRGE =
[ deOp-do ‘.=B4 VZIE
3 dcOpinfo-info oac ]
L modelParametar-info s
o net?
3 element-info hets
[0 outputFarameter-info netnB 11
[ designParamals-info P
st Rends S i
=2 primitives-info.primitives o
WES = o
=
94
==
== T T T
T B ) 5.0 -5 0 2.5 5.0
[—1z66mv | 7. 1zmv dc vy
2| Cpen Results.. | - [
. == 7 T
- B root@localhost:/scratch |[€] Log: /root/C DS log.2 ¥ Virtuoso (R) Visualizatior] % Active : Graph Window 4 ﬁﬁ|
z 0g: og. p =

Analog lab manual

- = <& Applications Actions Tue Feb 28, 21:48
2 P
= Virtuoso (R) Visualization & Analysis XL browser ENE=NED =
File Tools Qpticns Help cadenee Ed Frarr Grap Axi Trac Mark Zool Too Measuren Helademnce
jZeplace | - B L9 e O Feb 28, 2012 AC Analysis “ac’ freq - (1 Hz > 500 GH=) |
|Default B3 raanitude n% Ye | {= — wout
SDIff_amplifier.raw 125.0
Cr B sscratch/JNTUSOLUTIONS/DIF_amplifier.raw
@ tran-tran Signals Search
L finalTimeOP-info e
— w0
5 doOp-dc % V1:p 1000
[ deopinfo-ino L] Sg_p
a de-de |dcp
= modelParameter-info i
2 element-info Heth
L outputParameter-info netD& 75.0
Lo designParamals-info ™7 wdd
L primitives-info.primitives o
[ =
ves = 500
=
=
25.04
o
@ -25.0 T T T T T T T T T T T
Szl =] 22 0% 10% 107 10% 10%101% 0l o
| [ == s59kHz | 1ol oao7w red Hz)
2 | Open Results -
.
=% | [B root@localhost:/scratch [[€] Log: /root/CDS.dog.2 | M Virtuoso (R) Visualizatior|# Active ; Graph Window 5| .

95
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11) To Calculate the gain of Differential pair: select calculator from ac output wave
form then select the ac wave form and DB20.

@& Applications Actions

S

EXEB

$ @) Tue Feb 28, 21:50

Virtuoso (R) Visualization & Analysis XL calculator =0 || ¥ : live : Graph Window 5
Eile Tools Wiew Options Constants Help cadence File Edit Frame Graph 4xis Trace Marker Zoom Tools Measurement Helpg
SRHEHIESE S B X Ab oo B [aner [
In Context Results DB;  fscratch/ JNTUSOLUTIONS/DIf_amplifier.raw Feb 28 2012
e D Family & Wave |‘_’ Clip | [:{"l/\ |Replace =| @ — dBZ0f v out” FresultsDir " fDiff_am plifier. rand Presult "ac-ac'))
dBEZ00y("vout" FresultsDir "/Dif_amplifier raw” fresult "ac-ac")) SO0
o I~ I~ -
rl & By rop | Hm g | Bm = | Me ME | B+ EE| G
Al B j || e/ W8l L 25.01
14 delay gpc_gain peakToFPeak 5 4 5 5 G
10%%x deriy groupDelay  period_jitter 2
Rn dft ot phase E: 1 2 3 =
azd ditbb L= phasebeg 3
ahs dnl harmonic phaseDeglnwrapped 3 0 . .
acos dutyCycle harmonicFreq phasehdargin 5 -
acosh evmEAn hista phaserloise 2 0+
asin avmipsk iinteg phaseRad 3 4apgl HAGNE
asinh s imag phaseRadUnwrapped 3 user 3 uzer 4 .
atan eyeliagram  int P t 2
atanh fallTime integ psd t ek
average flip intersect pedbb t =
hit faurEwal ipn pzhode 1
handwidth freq ipn'RI pefilter 25 04
clip freq_jitter kf real
compare frequency In riseTime
compression ga loadpull rms
comprassion¥Rl gac_freg lagl0 rmskloise
conjugate gac_gain Ish tm
convolve gainBwFrod  Ishift roat
cos gainkdargin - mag rshift 5004
cosh getasciivave nc_freg 511
Cross gman nc_gain g1z
gmin nf s21
gmsg nfimin SEE
gp overshoot sample
gpc_freq peak zeftlingTime
E il __ -75.0 T T T T T T T T T T
109 101 102 103 10% 105 10% 107 108 109 1010:
Successful evaluation B freg (Hz)
6| | .

- |ﬁ root@ localhost:/scratch |m Log: froot/CDS.log.2

|W Virtuoso (R) Wsua}izaﬂoqh‘i

Active - Graph Window 5[ Virtuosa (R) Visuﬂizaﬁar|ﬁ§@é=

End of lab 5.2
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Lab:6 COMMON SOURCE AMPLIFIER

Schematic Capture
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Schematic Entry

Objective: To create a new cell view and build Common Source Amplifier

Use the techniques learned in the Lab1l and Lab2 to complete the schematic of
Common Source Amplifier.

This is a table of components for building the Common Source Amplifier schematic.

Library name Cell Name Properties/Comments
gpdk180 Pmos Model Name = pmos1; W=50u; L= 1u
gpdk180 Nmos Model Name =nmos1; W= 10u; L= 1u

Type the following in the ADD pin form in the exact order leaving space between the
pin names.

Pin Names Direction

vin vbias Input
vout Output
vdd vss Input
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Symbol Creation

Objective: To create a symbol for the Common Source Amplifier

Use the techniques learned in the Lab1l and Lab2 to complete the symbol of cs-
amplifier

Building the Common Source Amplifier Test
Design

Objective: To build cs_amplifier test circuit using your cs_amplifier

Using the component list and Properties/Comments in the table,

build the cs-amplifier_test schematic as shown below.
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Library name

Cellview name

Properties/Comments

myDesignLib cs_amplifier Symbol
Define pulse specification as

analogLib Vsin AC Magnitude= 1; DC Voltage= 0;
Offset Voltage= 0; Amplitude= 5m;
Frequency= 1K

analogLib vdd,vss,gnd vdd=2.5 ; vss= -2.5 vbias=-2.5

Analog lab manual B0




cadence’

Analog Simulation with Spectre

Objective: To set up and run simulations on the cs_amplifier test design.

Use the techniques learned in the Labl and Lab2 to complete the simulation of
cs_amplifier, ADE window and waveform should look like below.

nalog Design Environment (4) - Solutions cs_amplifie =i=i(*]
Sgssion  Setup Analyses  Yariables Outputs  Simulation  Results Tools  Help cjden ce
| Status: Ready T=27 C  Simulator spectre
Design Yariahles Analyses QE
Mame. = | Walug | |- Tdpe= | Enable | Atgumants | ¥
I Jde ~ t-5 5 Automatic Start-Stop /v3 | SIAE
&2 ac o~ 150 100k 20 Logarithmic Points Per Decad... O ' DC
3 tran ~ 0 5m moderate — Trans
= CEtputs -
i > — = -
Mamessignal/Expr |#alue | Plot |Save | Save Dptions. | ‘rﬂ
1 Yo w ally |
3 ¥ |z ally = X
s -~ @
i |1 b
Fi 1[I | ¥ T :
— k| Flot &fter Simulation: |#utd n Plotting mode; Replace ) O
= Results in ._mefdarshan/simulation/cs_amplifier_test'spectre/schematic
36 | Plot Cutputs kAs
Transient Response |1—| AC Respaonse E' D Response E'
|— i) |— ]
1.9205

1.9185

=
= 1.919
=
1.9185
1.918
) 1.9175
0 1.0 20 30 40 50 10210310410510510?103 _50 __
[481ams| —4.515my: M [E9s6EMAzZ | T [ —aszev|  L5iw’
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Creating a layout view of Common Source
Amplifier

Use the techniques learned in the Labl and Lab2 to complete the layout of
cs_amplifier.

Complete the DRC, LVS check using the assura tool.

Extract RC parasites for back annotation and Re-simulation.

A|=. e

vt

END OF LAB 6
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Lab7:Design of PLL:

A phase-locked loop (PLL) generates a clock that is in sync with an input
signal. If the input signal changes, the phase detector (PD) detects the
difference in frequency and phase between the input and the output and sends
a filtered voltage to a voltage-controlled oscillator (VCO) to either raise or lower
the output clock frequency as necessary to bring it back into sync with the
input signal. PLLs are used widely in data recovery and frequency generation.

The PLL in this lab was designed as a schematic with both schematic and
Verilog® views of the phase detector and the schematic and Verilog-AMS views
of the VCO. A configuration is used to tell the simulator to use Verilog views for
the phase detector and the schematic view of the VCO. Control of the
simulation is done using the Virtuoso® Analog Design Environment

(ADE), which may be familiar to analog designers.

Schematic:

— Yirtuoso® Schematic Editing: testlib PLL1 schematc Config: testlib PLL1 config
Cmad; Sel: 0
Tools Design Window Edit Add Check Sheet Options

A <& K

0l
T

DI EE R

..................

singleselectP ol ) M: schHiMousePoplp( ) K: schZoomFit(l.D 0.9)

e L' o
\
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Compiling the Connect Rules and Modules

1. Change to the ADElab directory. If the directory in which the AMS Designer
directory is located is not your login directory, then replace the ~ with the
correct path.

cd ~/AMSDesigner/ADElab

The contents of this directory are the design contained in the PLL lib directory,
a model file in the models directory, a cds.lib file, a directory containing
Connect Modules and rules, and an .artist_states file which can be used to load
the ADE form to save time.

2. Compile the Connect Rules and Modules by running the compileConnect
script. The Connect Rules and Modules will be used to do the level translation
between analog ports and digital ports.

. /compileConnect
Starting the Software

1. Start virtuoso.

virtuoso &

Note: The ampersand (&) places the command into a background task so the
window can be reused.

The Command Interpreter Window (CIW) appears. You may close the What’s
New window if it appears (File—Close).
2. Open the Library Manager from the CIW (Tools—Library Manager).

Setting Up and Running the Simulation

1. From the PLL_lib library, select the config view of the PLL1 cell and double-
click on it. The config view is a specific configuration of the design that binds
selected views to the cells, and reflects the settings in the Hierarchy Editor.

Select the radio buttons to open both the Configuration (Hierarch Editor) and
the Top Cell View (schematic) of the PLL1 cell and click OK.
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2. In the Hierarchy Editor, note that the PD (phase detector) is set to use the
verilog view and the VCO1 (voltage-controlled oscillator) is set to use the
schematic view.

In this lab, the Hierarchy Editor will only be used to view the

configuration, not to control the simulation.

3. In the Virtuoso Schematic Editor, which displays the PLL1 configured
schematic (Config:PLL_lib PLL1 config), execute Launch—ADE L to open the
Virtuoso Analog Design Environment (ADE).

You may close the What’s New in Analog/Mixed Signal window
(File—Close Window).

4. In the ADE window, execute Setup—Simulator/Directory/Host
and, for Simulator, verify that ams is selected. Click OK.

~ Choosing Simulator/Directory,/Host — Virtuos

o® Analog |

Slmulator

SAsimdation

Project Dirsclony

Host Moda & local « romole s« chotrbuled

Hep |

. canced J| Defaults

Aoaly

Note: The simulator was set to ams by a line in the .cdsinit file:

» « » <

envSetVal( “asimenv.startup” “simulator” ‘string “ams”)
Note also that this form allows you to change the output directory name and to
set up distributed hosts, if you have them available. For this lab, leave it set to

a local host.

5. In the ADE window, execute Session—Load State. In the Loading State
form, select statel and click OK.

This will pre-load the ADE setup forms with the proper values for this
simulation, including a transient simulation of 20us.
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— Virtuoso® Analog Design Environment (1) — PLL_lib PLLT config e 17
SoEEOn  SOILp  Andlyect  Mariabes Outpuls Simulation Heswte Took  MHop cadence
BoStElug Ready  T=27 C .Simlaion amc{3peciie) Mode: baich Slae stalel
Deslie W arial o Anayses I
[ Rame [ Vawe ] __ [CTwpe _Ensblel _ Aguments i 4
L lran '3 0 20 mod=rale = AL
—
— Trams
.
: i|'|| : = @
= _ulpu!'-. I:_,_
—Tame/SInaVErRl, _[VauE [P0l [Save | Gace Cplons |
In_ref w ¥ ves [ ){
up_n I s s ='
TS * of |y= @
i M o o e
Ld K i | T @
- K I momng vode  fepace B :
» i |5 i
B{ Plat Cupita

a. Verify the MOSFET models are set to ./models/basicMos.scs under Setup—
Model Libraries.

b. Select Setup—Connect Rules and select User-defined Connect Rules.

Note: If a pop-up display reports an error that you cannot select the built-in
rules because the cds.lib file does not include a reference to connectLib, you
can ignore the message because

you will be using locally defined connect rules. Close the error window.

c. In the Select Connect Rules form in the User-defined rules section, browse to
find ConnRules_5V_full in the myconnectLib library. Close the browser window
after highlighting

ConnRules_5V_full, which will copy it to the Select Connect Rules form.

d. Click on the Add button to add the ConnRules_5V_full Connect Rules to the
simulation. The form should look like this:
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I: ams; Select Connect Rules

List of Connect RBules Used In Simuwation
e o
Usear-dafinad ConnRulas_ SV _1ull = myconnectlib - connect )
- =5 B | % B [OFElple ‘A HERame k [y =] \ Lin | (FEFi L0} )
— Built=in =& User-definadincviog ncelab, ncsim) o User-definad{ncveriog)

e. Click OK.

6. Execute Simulation—Netlist and Run, or click on the Netlist and
Run icon, to start the simulation.

You may close the netlist and log files when the simulation is finished.
Examining the Results

1. When the simulation completes, ViVA will appear displaying the
overlaid traces.

PLL lib PLL1 config : Jan & 14:23:13 2008 7
File Edit Frame Graph Axis Trace Marker Zoom Tools Help
S REESE FHEE F A= R BME X oEd [»7]Laket |

Transient Response hl

[— I i Edoven Elup o Bl ref

10us| Z51V time (us)
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The waveforms need to be formatted to see what is happening in the loop as it

locks to the input frequency.

2. Change the analog traces to Strip mode by clicking on the Strip mode icon.
If all four analog strips are not displayed, select one of them, execute Trace—
Edit, and change Strip Chart Visible Rows to a higher number. This form also
allows you to change trace colors and style. After changing colors for better

printing, the ViVA display looks something like this:

= D BEE

File Edit Frame

PLL_lib PLLT config : Jan & 19:23:13 20038 7
Graph s Trace harker ZO0rm Tools Helpx

5150 B 20 () O b b B

O &= [ =

Transieni Respon=es

| Label |

= :3|:|— M”ﬂﬁm“l‘.“mu 1

=
=

) :? NN IRRARFFIINNTION]

- oy

[ raofl

ad
=
= 23

0.0

[u]
1003 us 2.5

- =

=

T
.0

T
10

timeru=)

T
15

Note how the wvco_in voltage changes in response to pump-down pulses (the
positive-going pulses) and pump-up pulses (the negative-going pulses), and
finally settles out after 10 us when the pump-down and pump-up pulse areas
are approximately equal. That indicates that syncing to the input signal (in_ref)

has been achieved.

End of lab 7
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