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Program Outcomes

PO1

Engineering knowledge: Apply the knowledge of mathematics, science, engineering

fundamentals, and an engineering specialization to the solution of complex engineering problems.

PO2

Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated RESULT s using first principles of mathematics,

natural sciences,and engineering sciences.

PO3

Design/development of solutions: Design solutions for complex engineering problems and design
system components or processes that meet the specified needs with appropriate consideration for

the public health and safety, and the cultural, societal, and environmental considerations.

PO4

Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of the

information to provide valid RESULT s.

PO5

Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities with

an understanding of the limitations.

PO6

The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to the

professional engineering practice.

PO7

Environment and sustainability: Understand the impact of the professional engineering solutions
in societal and environmental contexts, and demonstrate the knowledge of, and need for

sustainable development.

PO8

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms

of the engineering practice.

PO9

Individual and team work: Function effectively as an individual, and as a member or leader in

diverse teams, and in multidisciplinary Settings.

PO10

Communication: Communicate effectively on complex engineering activities with the

engineering community and with society at large, such as, being able to comprehend and write




Program Outcomes

effective reports and design documentation, make effective presentations, and give and receive

clear instructions.

PO11

Project management and finance: Demonstrate knowledge and understanding of the engineering
and management principles and apply these to one’s own work, as a member and leader in a team,

to manage projects and in multidisciplinary environments.

PO12

Life-long learning: Recognize the need for, and have the preparation and ability to engage in
independent and life-long learning in the broadest context of technological change.

Program Specific Outcomes

PSO 1

Problem Solving: Exploit the knowledge of high voltage engineering in collaboration with power

systems in innovative, dynamic and challenging environment, for the research based team work.

PSO 2

Professional Skills: Identify the scientific theories, ideas, methodologies and the new cutting edge
technologies in renewable energy engineering, and use this erudition in their professional
development and gain sufficient competence to solve the current and future energy problems

universally.

PSO 3

Modern Tools in Electrical Engineering: Comprehend the technologies like PLC, PMC, process
controllers, transducers and HMI and design, install, test, maintain power systems and industrial

applications.
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ATTAINMENT OF PROGRAM OUTCOMES & PROGRAM SPECIFIC OUTCOMES
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14 Design and Simulation of Basic Current Mirror, PO1, PO2, PO3 PSO1

Cascode Current Mirror Amplifier




VLSI DESIGN LABORATORY

OBJECTIVE:

The objective of the VLSI DESIGN LAB is to expose the students to the circuit design of analog and digital circuit
using Cadence Virtuoso tools. It also aims to understand how to measure different performance parameters of the
circuits, Create some innovative ideas for the students to design various circuits to satisfy the performance

parameters of the design.

OUTCOMES:

1. Study transfer, dynamic characteristics of various analog and digital circuits .
2. Learn the circuit design using cadence tools.

3. Draw layouts using Cadence for various circuits and doing simulations.

4. Generates interest for the students to do work on core.




EXPERIMENT NO: 1

1.1 AIM: Plotting the (i) output characteristics (ii) Transfer characteristics of an n-channel and p-channel
MOSFET with Cadence.
1.2 LEARNING OBJECTIVE: To understand basic characteristic and operation of MOSFET .
1.3 TOOLS REQUIRED: PC,CADENCE TOOLS
1.4 PROCEDURE:
Start by creating a new schematic cell view in you existing or newly created library. Creation of new library and cell
view is already covered in “First Look at Cadence” page.
Schematic Creation:
Create a new schematic cell view where we shall instantiate a NMOS and apply some Vgs and Vds and plot the
drain currents at different operating points.
In a new schematic editor window, press “i”. This will invoke a new subwindow called Add an instance window.

Here we can select what we wish to add to the schematic.

Uncategocized

Bipolas

We can browse for an instance called N_18 MM inside the UMC_18 CMOS library, and select the symbol view
from the browser window.

Now the NMOS is attached to our mouse cursor and we can place the NMOS by just clicking on an empty space on
the schematic editor window.

A window shown below will appear where can can change the W and L of the transistor and even rotate the

transistor in all ways and direction by the Rotate, Sideways and Upside Down keys.
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The device is still seen as attached to the mouse, which can be removed by pressing “ESC” key. After placing the
transistor, the schematic would look something like this.

The top terminal of the NMOS is the drain, bottom one is the source (clear from the arrow), the terminal on the left
is gate and on centre right is body.

Now we have to add dc supply sources. One Vdc source for gate to source voltage and one for drain to source
voltage.

Again invoke add an instance menu by pressing i and browse for an instance called “vdc” inside analogLib.

Note that analogLib can be sorted by categories by ticking the show category option at the top of the browser
window.

Vdc can be found under analogLib > Sources > Independent > VVdc. Draw the schematic as shown below.

The wires can be drawn by pressing “w” then click on starting point, then click on ending point. NOTE that a gnd!
instance has to be added to the schematic.

Else the simulator will not be able to resolve the voltages as no reference would be specified then.
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Now the value of the dc sources as to be set.
Choose a dc source, and press “q”. This is open the query page.
In the row DC Voltage, fill the values “vgs” and “vds” for the two voltage sources correctly.

Note that no units are to be added. Cadence will automatically take it in voltage.
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Also the W and L of the transistor can be changed at any time by selecting the transistor and pressing g. the query
page “q” is generally used to set properties of all the components and devices invoked from the library manager.
Once the schematic is ready, press the “Check and Save” button on top left in the schematic editor window (tick
symbol button).

This will check for errors and save and will report if there are any errors or warnings.

Errors cannot be ignored but warnings may be ignored if you are aware and sure that the warning is harmless.

Now its time to simulate.

DC Analysis

Select Tools > Analog Environments.

A new window opens up. On the menu on top, select variable > copy from cellview.

Immediately, vgs and vds would appear on the low left side of this window.

Double click them and assign some initial value, like vgs=0.5 V and vds=0.6 V.

from Menu, click Analysis > Choose. click on dc and click on save operating points.

Also select component parameter below. this will make some more options appear.

Click on select component twice.

This will take you to schematic, click on a voltage source for vgs, then in new popup window select dc voltage and
then OK.

Come back to the analysis window by using ALT-TAB and give the start = 0 and stop 1.8V (Since maximum supply
is 1.8V for our process).

Then press OK on analysis window.
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Coming back to the Analog Environments, select output > to be plotted > select on schematic.
Now select the drain terminal of the NMOS transistor by clicking on it. then press Esc.
The Final analysis window will look like shown below.
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Come back to Analog Environment and notice that the output is added and
select Simulation > Netlist and Run or just press the Netlist and Run button on the right (t

Now simulation will start and a plot window will appear as shown below.
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The X-axis is Vgs and the Y-Axis is Id.
The 1d Vgs curve shown above is for the specified value of vds (specified to variable vds in analog environ ment

window).
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Parametric Analysis

We can also plot Id \VVgs characteristics for more than one value of VVds on the same graph at the same time. Such
plots can be achieved by parametric analysis.

Let us consider that we wish to plot the below given graph.

We have Vgs on the X Axis and Id on the Y Axis. Each curve on the plot is for different values of VVds. Therefore
we select vgs as the sweep variable in dc analysis and vds as the variable of parametric analysis.

Just like earlier, from analog environment, we select vgs voltage source in component parameter sweep in DC
Analysis. Sweep it from 0 to 1.8V.

Select the drain terminal of the transistor as the current plot.
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Then from Analog Environment window, we select Tools > Parametric. This will open up a new window as shown
below.

v Paramelric Analysis - spectre(0): website mos_char schematic A
Tool Sweep Setup Analysis Help 4

Sweep 1 Variabile N vdd &dd Specification
Range Type ST From 0.3 To (LA

Select
Step Control el Total Steps  ©

we fill up the above window as shown.

Note that the variable name “vds” is same as the variable name given to the dc voltage value of the voltage source
which applies the vds of the transistor.

To eliminate variable name errors, in this window, choose Setup > Variable name > sweep 1.

Then select vds as the parametric sweep variable. Give in the range and the number of steps as shown above.

Then click Analysis > Start. Simulation will run, and the above shown graph for Id Vs. Vgs for various vds will be

plotted.

1.5 RESULT : Understand the basic operation and characteristics of MOS transistors.
1.6 PRE LAB VIVA QUESTIONS:

1. What is the difference between MOSFET and BJT
2. What are the advantages of MOSFET?
3. What are different mode of operations of MOSFET?

1.7 POST LAB VIVA QUESTIONS:

What are the characteristics of Enhancement mode?
Define cutoff region?

Define pinch off region?

Define linear region?

oD e
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EXPERIMENT NO: 2

2.1 AIM: To design and plot the static (VTC) and dynamic characteristics of a digital CMOS inverter.

2.2 LEARNING OBJECTIVE: To understand the characteristics of CMOS inverter.

2.3 TOOLS REQUIRED: PC,CADENCE TOOLS

2.4 PROCEDURE:

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:

e Inthe Library Manager, execute File - New — Library. The new library form appears.

14




New Library

Library

NMame myDesignLib|

Directory ‘éj5han/cadence_analog_labs_61an o= il fEEiEs

g3z =2

&= A neockt [ __grciog [ display.drf

A DRCrun Eapv [ ade_viva.log [ 1eBindKeys.il

EaLvs dspectre.runi [] ade_wavescan.log [ ] lib.defs

[ dig_source [_spice.runi [} assura_tech.lib [ librManager.Ic

[docs [ stream [ casLog [7libManager.lc

libs.oaz2 [_dtechFiles [ cdsilib [ ncviog.log

(I models &8 work [ cds.lib.oaz2z [ grc.log

[ neocell [] Invertersp  [] cdsLibEditor.log [ schBindKeys
= S

File type: |Directories

Design Manager

® lUse NONE

Use No DR

_Apply Cancel

Help

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

e 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: « Compile an ASCIl technology file

— Reference existing technology libraries

(]

attach to an existing technology library

« Do not need process information

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

MNew Library myDesignLib
Technology Library analogLib
avTech

OK Cancel | &pply | Help

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

e If you right click on the “myDesignLib” and select properties, you will find that gpdk180 library is
15




attached as techlib to “myDesignLib”.

Library Manager: Directory ...ar=shan/cadence _analog, labs=s l;—_]_’z |_|__'f_]_
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Creating a Schematic Cellview
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.

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

e Set up the New file form as follows:Do not edit the Library path file and the one above might be different

from the path shown in your form.

Litsr=rss mwiDesignl ib B

el ITrrwex tex

i schcom=1T3i c

T e schem=atic
Spplication

Op e wasith Schematics L =

. Alverasrs use this application Tor this tvype of fils

Libr=rw pa=thy Tiles
re AFdasrsh=snifcadencs =analog 1l=ashs &1 3 cd=s. 13

Cancel Heip

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

Adding Components to schematic

I 1 1= e E
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o In the Inverter schematic window, click the Instance fixed menu icon to display the Add Instance

form. :IE

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

e 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.

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

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

Library name Cell Name Properties/Comments

gpdk180 pmos For M0O: Model name = pmosl1, W= wp,
L=180n

gpdk180 nmos For M1: Model name = nmosl, W= 2u,
L=180n

e If you place a component with the wrong parameter values, use the Edit— Properties—

Objects command to change the parameters.

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

[k C W %X @ B3 5 ¢

e You can rotate components at the time you place them, or use the Edit— Rotate
¢ command after they are placed.
Adding pins to Schematic

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

create — Pin or press p. = The Add pin form appears.

e 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

17




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.

e Select Cancel from the Add — pin form after placing the pins. In the schematic window, execute

Window— Fit or press the f bindkey. =

8 -~ o FEE
[ = S g
Adding Wires to a Schematic

Add wires to connect components and pins in the design.

e Click the Wire (narrow) icon in the schematic window.

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

e 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.

e 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.

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

Saving the Design

= ="

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

e Observe the CIW output area for any errors.

Symbol Creation

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 extremely important 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 (cds Param)

that facilitate the simulation and the design of the circuit.

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

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

e 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 Schematic Symbol.

18




Cellview From Cellview

Library Name myDesignLihb Browse
—
Cell Name Inverter
From View Name schematic ' To View Name symbol
Tool / Data Type  $chematicSymbol '
Display Cellview &
Edit Options v

\Cancel‘ Defaults | Apply | Help

e Click OK in the Cellview From Cellview form.
e The Symbol Generation Form appears.

e Modify the Pin Specifications as follows:

Symbol Generation Options

Library Mame Cell Name View MName

myDesignLib Inverter symbol

Pin Specifications aftributes
Left Pins A L':.'_s.i_)
Right Pins ¥ \List J
Top Pins wdd (_List)
Bottom Pins  wss (List )

Exclude Inherited Connection Pins:

® None o all o Only these:

Load/Save __ Edit Attributes _ Edit Labels __ Edit Properties
(_Cancel )(_&pply J(_Help

e Click OK in the Symbol Generation Options form.

e A new window displays an automatically created Inverter symbol as shown here.

19




Editing a Symbol

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

-@® & >

Move the cursor over the automatically generated symhol, until the green rectangle is highlighted, click

left to select it.

Type schamatic

Applcation

Qpan with Schematics | -

Always use this application for this tvpe

Library path Nle

or e

w/darshan/oadence analog labas 61370da

Halp

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

e Execute Create — Shape — polygon, and draw a shape similar to triangle.

e After creating the triangle press ESC key.

e Execute Create — Shape — Circle to make a circle at the end of triangle.

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

e Execute Create — Selection Box. In the Add Selection Box form, click

e Automatic.A new red selection box is automatically added.

o 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.

Building the Inverter_Test Design:Creating the Inverter_Test Cellview

20




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

e Set up the New File form as follows:

N :I"_T'_'I -% 1

e Click OK when done. A blank schematic window for the Inverter_Test design appears.

uildin the InererTes Circuit

¢ 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 no power.

21




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

Click the Wire (narrow) icon and wire your schematic. !
Tip: You can also press the w key, or execute Create— Wire (narrow).

Click Create — Wire Name or press L to name the input (Vin) and output (Vout) wires as in the

abc
below schematic.

et

Click on the Check and Save icon to save the design.

The schematic should look like this.

Leave your Inverter_Test schematic window open for the next section.

Analog Simulation with Spectre: 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.

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 Spectreg tool, a high speed, highly accurate analog simulator. Use
this simulator with the Inverter_Test design, which is made-up of analog components.

In the simulation window (ADE), execute Setup— Simulator/Directory/Host.

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.

In the simulation window (ADE), Execute Setup - Model Libraries. The Model Library Setup form

appears. Click the browse button to add gpdk.scs if ntadded 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.
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spectre0: Model Library Setup

o I Maodel Flle | Section |
= Global hModel Files
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N
<

_Cancel _apply | Help

To view the model file, highlight the expression in the Model Library File field and Click Edit File. @f
e 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.

& AC
- DC
 Tra

¢ Inthe Simulation window (ADE), click the Choose - Analyses icon. o

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.
e To setup for transient analysis
a. Inthe 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.

Bl Choosing Analyses — Virtuosodt Analog Design Envirenn S

Analysis = {ran (RIS - e nolse
] — BEnNs — domalch - =t
— Pz — Ep — BNvip — pEs
— pac — pPuth — pProaige - =T
— pap - Cpssa — Ypac — Ygpnolsa
- Cypast — Qpsp — — hbhac

hbnolse

Transient Analyals

Stop Time 20050
Accuracy Defaults (arrprasat)
. monasrvativae » modarate . libearal
|
| o Transiant Malsea
Enabled Cptians
Ok Cancal Defaulta. . Apply o Halp

e Tosetup for DC Analyses:
a. Inthe Analyses section, select dc.

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

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

¢
d

e. Select input signal vpulse source in the test schematic window.

f.  Select “DC Voltage” in the Select Component Parameter form and click OK.
g

In the analysis form type start and stop voltages as 0 to 1.8 respectively.
h. Check the enable button and then click Apply.
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o 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.

In the Simulation window, click the Edit VVariables icon. E

The Editing Design Variables form appears.

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.

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:

Value(Expr) 2u
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Click Change and notice the update in the Table of Design Variables.
e Click OK or Cancel in the Editing Design Variables window.
Selecting Outputs for Plotting
e Execute Outputs — To be plotted — Select on Schematic in the simulation window.
e 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?

Vinuosom® Analog Design Environmant (1) - myDesignlib Inverter, Tast schamatic
Sasslon Seldp  Analvses Varablss  Qutputs  Simulation Besults Tools  Help C a dence
I Status Beady,  Tegs O Simulator spectre
Design Variahles Analyses ¢ ! >
= Mame. | Majue. | ~Typa - JEnaBle. | LArguments | ‘
i wp ZU | I dc v, to 16 Autamatic Stant-Stop /vV0 m ° AC
& tran v 0 200N modarate L J - bEC
e Trams
- i By L)
Cutputs "::_.
Mama/Slanal/Espr {Yalus | Plot |Save. | Save Qptons. | —~ o
1 Vaut v ally x
@ Vin ~ i ally LJ
o s - O
. A i Plot Aftar Simulation; [Auta - Flotting mode Replace - =
LAY
R J
l'i] Choose Daeaign I
Ao 4

Running the Simulation:

>

e Execute Simulation — Netlist and Run in the simulation window to start the
e Simulation or the icon, this will create the netlist as well as run the simulation.

¢ When simulation finishes, the Transient, DC plots automatically will be popped up along with log file.
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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.
e |n the Simulation window, execute Session — Save State. The Saving State form appears.
e Set the Save as field to statel_inv and make sure all options are selected under what to save field.
e Click OK in the saving state form. The Simulator state is saved.
Loading the Simulator State
e From the ADE window execute Session — Load State.

e In the Loading State window, set the State name to statel inv as shown

Frarmmeswags taeane
)

VAL Lo Lariaat

LA
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e Click OK in the Loading State window.
Parametric Analysis
Parametric Analysis yields information similar to that provided by the Spectree 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
e Inthe Simulation window, execute Tools—Parametric Analysis. The Parametric Analysis form appears.
e Inthe 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.
e 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.
e 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 1um and 10um at ten evenly spaced

intervals.
‘thme,u"_ic }\nulysi; . spe&lre{@):,,mybeaﬁignLi.b In&erler,,Tesg .rs'chemm‘[@
fTool Sweep Setup  Analysis  Help cadence
Sweap 1 Vatiable Mama wp Add Specification .
Range Type From/To n From 1u To 10u
Salact
Step Control Auta n Total Steps 10|
12| Sweep 1
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e 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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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.

@)

2.5 RESULT : Designed and verified the static (VTC) and dynamic characteristics of a digital CMOS inverter.
2.6 PRE LAB VIVA QUESTIONS:

1. What is the function of inverter?
2. Define CMOS Inverter?
3. Define nMOS inverter?

2.7 POST LAB VIVA QUESTIONS:

1. What is the advantage of this tool?
2. What do you observe from characteristics of Inverter?
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EXPERIMENT NO: 3

3.1 AIM: To design and plot the output characteristics of a 3-inverter ring oscillator.
3.2 LEARNING OBJECTIVE: To understand the characteristics of ring oscillator.
3.3 TOOLS REQUIRED: PC

CADENCE TOOLS
3.4 INTRODUCTION: A device that consists of odd number of NOT gates is referred to as Ring Oscillator. The
output of these gates oscillates between two voltage levels (between 0 and 1). The immunity to external disturbances
is provided by means of the Ring Oscillator. The output of the last Inverter is fed back to the Input. The input is
same as the last output. A Ring Oscillator requires power above threshold Voltage to operate. At this voltage,
oscillation starts spontaneously. The frequency of oscillation and the current usage can be decreased by decreasing
the applied voltage.
Ring Oscillator is one of the members of class time delay oscillators. The Ring oscillator uses odd number of
Inverters so that gain can be increased greater than 1. Instead of having one delay element, each inverter contributes
delay around the ring of Inverters. Hence, the name Ring Oscillator is given.
PROCEDURE: Design the Ring Oscillator schematic as shown in Figure with following parameters. Design

procedure is similar to CMOS inverter (Exp 2).

—_pdd ~—__pdd e J8 dd %
vin e 5 e i S ving oug
- : ; -
__'_,__--")C) ’,_->(j E —/,_,9( P
o NSS /"—f NSNS - VS

A4
= Parameters N alues
No
1 Supply Voltage 1.2 w7
2 Technology Cadence spdk 180
IXIXR
= T otal width =2 1a1xl
= Threshold Valuc SO0 a1
s Transicnit tirmmc O to 200 n
o Clock Rise Tinnice 1.8 ns
A Cloclk Fall Tiine 1.8 nns
= Clock Pulses Width SO nis

For this first design basic CMOS Inverter as shown below.

The schematic of an CMOS Inverter in which the PMOS transistor and NMOS transistor connected together to form
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CMOS Inverter. When low input is given, for example (0), PMOS gets ON and high output (1) is obtained . Similarly,
when high input (1) is given, NMOS gets ON and low output (0) is obtained. Thus this device

M ypcans Baoe Spven @ e
T Umuio! whenw Fate | St WSATED Ve te eyt soeeae 4

2d

gL+ IERGY QAR =1L 12>

e Create the symbol for the inverter.
7 Wikesa Sermitatee L g WERAP emeria oprher ——

o - X T - = = A LR A

@ 8 rwadnuwd -] Ot 2] s o L4500 Ov,.. (TR v “ K

e Input pin (Vin) is formed at the left side of the Inverter. Supply Voltage pin (Vdd) is given at the top, Ground pin is
provided at the bottom. Output pin (Vout) is at the right side of the Inverter.

Test setup of an Inverter:
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Test setup of an Inverter is shown in above Figure .The supply voltage and the input voltage is given as 1.2 volt.
The Capacitor C is held at the output for the purpose of storing the charges. Now form the ring oscillator using

INVERTER as shown below.

M rephcabons Maces Ay D) 103 am
™ T Vituees & Anabig DG Fnevsiment L EaRing WOATAR news iy echesmatic — Zw |
A b b cadence
fof - i » T oS R g 11 - i

@118 tromstrvivicsr o) K] tvrmasa} Tt Wi B8 Ik visston reriers ) 5 e [y T
The Ring Oscillator shown in above Figure has three stages Inverter. In this ring oscillator, the output of the first inverter is
given to the input of the second inverter and the second inverter output is given as the input of the third inverter. The output of
the third Inverter is fed back to the input of the first Inverter, since this is an oscillator. In below Figure, The Transient response
of the Ring Oscillator is shown, in which the oscillations are present due to noise in the form of non uniform waveform. The

waveform formed has the maximum peak voltage of 1.2 V.
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3.5 RESULT : Understood the transfer characteristic of ring oscillator.
3.6 PRE LAB VIVA QUESTIONS:

1. What is the function Ring oscillator?
2. Define Oscillator?
3. Define RC Phase shift oscillator?

3.7 POST LAB VIVA QUESTIONS:
1. How this inverter design working as ring oscillator?

2. What do you observe from characteristics of ring oscillator?
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EXPERIMENT NO: 4

4.1 AIM: To design and plot the dynamic characteristics of 2-input NAND and XOR logic gates using CMOS
technology.
4.2 LEARNING OBJECTIVE: To understand how to design basic logic gates like NAND and XOR,
understanding its characteristics.
4.3 TOOLS REQUIRED: PC

CADENCE TOOLS
4.4 PROCEDURE:

e 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 PropertiessfComments
gpdk180 Pmos Model Name = pmos1,pmos2;
gpdk180 Nmos Model Name =nmosl1,nmos2;

e Type the following in the ADD pin form in the exact order leaving space between the pin names.
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Pin Names Direction

Vinl vin2 Input
vout Output
vdd vss Input

Symbol Creation: To create a symbol for the nand gate
e Use the techniques learned in the Lab2.1 to complete the symbol of NAND gate

Building the NAND Test Design: To build NAND _test circuit using your NAND gate

e 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

analogLib vpulse Define pulse specification as In lab
2.1

analogLib vdd,vss,gnd vdd=1.8 ; vss= 1.8
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Analog Simulation with Spectre: To set up and run simulations on the NAND gate design.
e Use the techniques learned in the Lab2.1 to complete the simulation of NAND gate, ADE window

and waveform should look like below.

Vi r o So \nhalog Design Enviranment (1) - Meolutions cmos. nand_test schematie
gaslon Setup  Analyses Varlablae Qutputs Simulation  Besult Tools Halp cadence
Analy sos 75 x|
Dasign Variables B - ey T - - - .
Type L Enahia| Argutnents | V=
Name | Valua ! 1 tran v 0 60N moderate R
O
Trans

(52]
s

®

Outputs - X' O
Name/Signal/Expr LV alue | Rlot | -Save | Save Qptians | [
| nels L allv
2 nate v iy l (AL
g vout ,( ally

Plot aner simulation.  (Auto B rFioting mode: Replace [~ ]

mousea | 3% | R

5(8) | MNatlist and Run | Status Ready | T=27 < | Simulator spectre | State: st .n,]]
s ¢ : )
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4.5 RESULT : Designed and verified dynamic characteristics of NAND gate.

4.6 PRE LAB VIVA QUESTIONS:
1. What is the function of NAND gate?

2. What is the function of NOR,XOR gate?

4.7  POST LAB VIVA QUESTIONS:
1. What is the advantage of NAND gate?
2. What do you observe from characteristics of NAND gate?

3.What do you observe from characteristics of XOR gate?
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Schematic Capture

(Ll

Design of XOR GATE
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Schematic Entry: To create a new cell view and build A XOR gate
e 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 = pmos1,pmos2,pmos3,pmos4;
gpdk180 Nmos Model Name

=nmosl,nmos2,nmos3,nmos4;

e 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

Symbol Creation: To create a symbol for the XOR gate

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




Building the XOR Gate Test Design: To build cmos_xor_test circuit using your cmos_xor
Using the component list and Properties/fComments in the table, build the cmos_xor_test schematic as

shown below.

Library name Cellview name Properties/Comments
myDesignLib cmos_XOR Symbol
analogLib vpulse Define pulse specification as In lab
2.1
analogLib vdd,vss,gnd vdd=1.8; vss= 1.8

Analog Simulation with Spectre: To set up and run simulations on the XOR gate design.
e Use the techniques learned in the Lab2.1 to complete the simulation of XOR gate, ADE window

and waveform should look like below.
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RESULT : Designed and verified dynamic characteristics of XOR gate.
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EXPERIMENT NO: 5
5.1 AIM: To design and plot the characteristics of a 4x1 digital multiplexer using pass transistor logic
5.2 LEARNING OBJECTIVE: To understand how to design and plot the characteristics of a 4x1 digital
multiplexer using pass transistor logic

5.3 TOOLS REQUIRED: PC
CADENCE TOOLS

5.4 Theory: Consider a simple design example: a 4:1 logic multiplexer with 2 control inputs. The design is to be

done by creating a 2:1 multiplexer with 1 control input, and then assembling three of them as shown below to create

the 4:1 multiplexer.

D<=

D=1

D<Z=

D<3>

S0z
A few notations have been introduced here. First, we would like to consider the four inputs to be bits of a vector

D<3:0>. But more subtle is the fact that we have used a symbol to represent a multiplexer in this schematic. There
are no transistors. This is exactly what we want to do in Cadence. When we design the 2:1 multiplexer, we will
create a transistor schematic and a polygon layout as you are already familiar with, but we will also create a
"symbol" view that looks like the symbols used above. Then, when we create higher levels of schematics, such as
the 4:1 mux, we can instantiate the 2:1 schematics, the same as we would do in the layout. So the design flow is as
follows:2:1 Mux.

4.4 Procedure:
e Create transistor level schematic for 2:1 mux using transistor schematic symbols, run simulations to verify

design

o Create layout for 2:1 mux by instantiating transistors, check DRC, LVS to verify layout
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e Create symbol for 2:1 mux 4:1 Mux

e Create transistor level schematic for 4:1 mux using 2:1 mux schematic symbols, run simulations

e Create layout for 4:1 mux by instantiating 2:1 mux layouts, check DRC, LVS

e Create symbol for 4:1 mux

e The design flow is repeated in the same manner for each cell in the hierarchy, and this procedure can be
repeated indefinitely to create very large/complex designs.

e Below is shown the schematic view for the 2:1 mux in this example.

o Remember to set the I/O type of your pins to either input or output as appropriate, and to do "Check and
Save" on your schematic before creating the symbol.

¢ Note that the VDD and VSS pins are needed for the connections to the bulk terminals of the NMOS and
PMOS devices.

e Even though they don't appear connected in the schematic, they are connected by reference when their
names were used for the "bulk node" field when instantiating the transistors.

¢ You would also have to physically make these connections in the layout.

¢ Note that we have used a very useful feature in the schematics editor.

e Rather than explicitly wiring control signals S and SB around, we simply create wire stubs and label them S
or SB appropriately.

e Cadence knows that all nets with the same name are considered connected. Labels are created with

keystroke "I", and you must click directly on the wire being labeled when placing the labels.

%< VWirtuoso® Schematic Editing: bsl_example mux21 schematic. publication
Cmd: Sel: 0 el
Tools Design Window Edit Add Check Sheet Options HNCSU Help

e

mouse L: schSingleSelectPt () M: schHiMousePopUp () F: =chFZoomFit{l.0 O 93

J ----- ~ »

e Cadence can generate the symbol view for you automatically from the schematic.
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In the Design menu, chose Create Cellview -> From Cellview and select symbol from schematic.

It will open a dialog box asking how to position the pins in the generated symbol.

You can just hit OK for now - it will put input pins on the left and output pins on the right by default, and
you can edit the symbol later if you don't like it.

The auto generated symbol view looks like this:

%¢ ¥irtuoso® Symbol Editing: bsl_example mux21 symbaol
Ciniel: Sel: 0 5

Tools Design Window Edit Add Check Options Help

= | - sartMome]

m | mouse L: mouseSingleSelectPt M: schHiMouseFopUp () R:hifoomRelativescale |

e | 7

We could just keep the symbol above, but we might like to make it look like a trapezoid so that it is more
recognizable when we use it in other layouts, and separate the power supply pins from the inputs.
We can do this by deleting the green box and redrawing four lines in the shape of a trapezoid. All of these
shapes are just for visual purposes - they have no meaning in terms of electrical design.

The only part of the symbol that is really important to the design are the red squares - these are the pins,
and they are where you will connect wires to when drawing schematics.

You can move these around, but be careful not to delete or rename them.
It is always good to perform a "Check and Save" after making edits - it will make sure that you have exactly
the same pin names in the symbol and the schematic.

Here is the modified symbol view:
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¢ Virtuoso® Symbol Editing: bsl_example mux21 symbol
Cmd: Move Sel: 0 5

Tools Design Window Edit Add Check Options Help

m | monse L: mounseaddPt () M: schHiMouseFopUp () F: Rotate 90
Point at object to move

Now we are ready to create the schematic for the 4:1 mux.

Start by creating a new schematic view as usual. Then chose "instantiate", and browse for your 2:1 mux

cell.

Click three times in your schematic to instantiate three copies of the mux.

You should have "symbol" selected as the cellview when doing this instantiation.

e You will then have something like this:

Cnd: Sel: 0 G
Tools Design Window Edit Sdd Check Sheet Options HCSU Help

RIS

D% ||

| mouse L schSingleSelectPE () M: schHiMousePopllp () F: schEZocomFit{l.0 0. 93

=
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e When creating layouts, you will usually perform a parallel task where you instantiate 3 copies of the 2:1

mux layout into the 4:1 mux layout, but this is not shown here.

e Next we connect the muxes according to the original schematic drawing at the top of this page:

¢ Wirtuoso® Schematic Editing: bsl_example mux41 schematic

Cimed Sel: 0 6

Tools Design Window Edit Add Check Sheet Options HNCSU Help

21268 |

N ]

| mouse L: schSingleSelectPL () M: schHiMousePopUp () F: schZoomFit{l. 0 0. 9

k-

.
m

e Justasin the 2:1 mux, we need to name all of the pins.
e Let's consider power first. We create the typical pins called VDD and VSS, and again use the label tool
(keystroke "I'") to make all of the necessary power connections.

O - Sel: 0 '

Tools Design Window Edit Add Check Sheet Options HMCSU Help

‘I mouse L: schSingleSelectP L) M: schHiMousePoplp () F:schHiCreateWireLabel ()

b3

e Now consider the input pins. We could just create four input pins called A, B, C, and D and connect them to

the four inputs, but this starts to become cumbersome as the number of inputs grows.
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We would like to have a single pin designation for "Inputs 0 through 3". This is done in Cadence with bus
notation.
When creating your input pins, select "input" as the 1/0 type, but enter D<3:0> as the pin name, and place

this pin in the schematic as shown.

¢ ¥irtuoso® Schematic Editing: bsl_example mux41 schematic
Cind Sel: 0 E
Tools Design Window Edit Add Check Sheet Options HMCSU Help

DRI K

DN WL

mouse L: schSingleSelectPt() M: schHiMousePoplp () F:schHiCreateWice (0. 0)

L

k3

The schematic wire connected to pin D<3:0> actually represents four wires. This is very important to

remember.

When you do the layout, there must actually be four physical wires drawn that correspond to the four

schematic wires.
Also, we only want to connect one wire to each of our 2:1 mux inputs, as they are single signal inputs.
If we just wire D<3:0> to all inputs as shown below, there is no way to know which input should go to
which mux.

If you perform a "Check and Save", you will get warnings about this.

This ambiguity is resolved by creating labels on what we want to be single wires indicating which signal
from D should be used.
Again, this is done with the label command (keystroke "I"). Labeling the wires <0>, <1>, <2>, and <3> as

shown below designates which signal from vector D connects to which mux.
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e There is a shortcut for this: enter <0:3> as the label name and check the "bus expansion on" box before
placing the labels, and the next four clicks place labels <0>, <1>, <2>, and <3>.
e We can do the same thing for the two control bits and name the pin S<1:0> as shown below, but this time

use wire labels S<0> and S<1> to indicate both the bus name and the bit number at the same time.

»¢ Wirtuoso® Schematic Editing: bsl_example mux41 schematic
Cmd: Sel: 0 &
Tools Design Window Edit Add Check Sheet Options HMHCSU Help

DR g K

D\ W8

E [mouse L: schSingleSelectPt() M: schHiMousePopllp () F:schHiCreateWice (0. 103

L

111,

=

e Also included is the output pin Q, and this is the complete schematic.
¢ Wirtuoso® Schematic Editing: bsl_example mux41 schematic
Crndd = Sel: 0 6

Tools Design Window Edit Add Check Sheet Options HCSLW Help

DRI K

BIANCL2E

E .5 mouse L: schSingleSelectPti) M: schHiMousePopllp () F: schHiGheckandSawe ()

]

£

¢ Now that the 4:1 schematic is done, we can do all the normal things: export the netlist for simulation, create

the layout and run LVS to compare against this schematic, etc.
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o When you export the netlist, it will actually create a netlist with all 12 transistors connected appropriately.

e Also, we will need a symbol view for this 4:1 mux for when we want to use it in turn in even higher levels
of the schematic hierarchy.

e This is done the same way as for the 2:1 mux, by selecting Design->Create Cellview->From Cellview, and

optionally editing the resulting symbol shapes. The result is something like this:

»¢ Wirtuoso® Symbol Editing: bsl_example mux41 symbaol
Cmd: Stretch Sel: 0 7

Tools Design Window Edit Add Check Options Help

. ir‘t H l r"rﬁ e]

mouse L: mouseaddPt() M: schHiMousePoplp i) E:
Point at object to stretch

Schematic Capture
5.5 RESULT: Did the simulation and observed the MUX operation
5.6 PRE LAB VIVA QUESTIONS:
1. What is the function of PASS Transistor?
2. What is the application of PASS Transistor?
3. What is the function of Transmission gate?

5.7POST LAB VIVA QUESTIONS:

1. Try To design MUX by using some other gates?
2. What do you observe from characteristics of MUX gate?

3. Design DE-MUX?
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EXPERIMENT NO: 6

6.1 AIM: To design and plot the characteristics of a positive and negative latch based on multiplexers.
6.2 LEARNING OBJECTIVE: To understand design and plot the characteristics of a positive and
negative latch based on multiplexers.
6.3 TOOLS REQUIRED: PC

CADENCE TOOLS
6.4 THEORY:
In the proposed DETFF(Dual-Edge Triggered Flip-Flop), positive latch and negative latch are connected in
parallel as shown in Fig. These latches are designed using one transmission gate and two inverters connected back to
back and the output of both the latches are connected to 2:1Mux as input. Mux is designed using one PMOS and one
NMOS connected in series and gates are connected together and derived by the inverted CLK. Output of Mux is
connected to the inverter for strengthening the output. Back to back connected inverters hold the data when
transmission gate is OFF and at the same time Mux sends the latched data to the inverter to get the correct D at the
output.
6.5 PROCEDURE:

e Follow the procedure that has been followed till now to make schematic and do analysis on simulation

Library name Cell Name Properties/Comments

gpdk180 nmos Model Name = nmos1 (NMO, NM1) ; W=3u; L=1u; Body Type
. Detached

gpdk180 nmos Model Name =nmosl1 (NM2, NM3) ; W=45u; L=1u; Body
Type : Integrated

gpdk180 pmos Model Name =pmosl (PMO0, PM2); W=15u; L=1u; Body
Type : Integrated

results.
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Table 1
CMOS Simulation Parameters

Technology 180 nm

Min. Gate Width: 600 nm

Max. Gate Width: 1200 nm

MOSFET Model: BSIM 3v3

Nominal Conditions: V= 1.8V, T=27°C

Duty Cycle: 50 %

Nominal Clock Frequency: | 125MHz
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6.6 RESULT: Designed and plotted the characteristics of a positive and negative latch based on

multiplexers.

6.7 PRE LAB VIVA QUESTIONS:

1. What is the function of MUX gate?

2. What is the application of MUX in real life?

3. What is the function of DE-MUX gate?

6.8 POST LAB VIVA QUESTIONS:

1. Try Todesign MUX by using some other gates?

2. What do you observe from characteristics of MUX gate?

3. Design DE-MUX?
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EXPERIMENT NO: 7

7.1 AIM: To design and plot the characteristics of a master-slave positive and negative edge triggered
registers based on multiplexers.
7.2 LEARNING OBJECTIVE: To understand characteristics of a differential amplifier
7.3 TOOLS REQUIRED: PC

CADENCE TOOLS
7.4 THEORY:
Master-Slave D Flip-Flop A master-slave D flip-flop is created by connecting two gated D latches in series and
inverting the enable input to one of them. It is called master-slave because the second (slave) latch in the series only
changes in response to a change in the first (master) latch [2]. The term pulse-triggered means that data is entered on
the rising edge of the clock pulse, but the output does not reflect the change until the falling edge of the clock pulse.
Master-slave flip-flops can be constructed to behave as a J-K, R-S, T or D flip-flop. The purpose of master-slave
flip-flops is to protect a flip-flop*s output from inadvertent changes caused by glitches on the input. Master-slave
flip-flops are used in applications where glitches may be prevalent on inputs. The master-slave configuration has the
advantage of being pulse-triggered, making it easier to use in larger circuits, since the inputs to a flip-flop often
depend on the state of its output.
7.5 PROCEDURE:

Draw the Schematic and follow the steps what we did till now and do the simulation .
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Simulation result;

Trensiemt Resoonse

W 0

.0 100
lirm [ns)

7.6 RESULT: Studied the characterstics of master slave edge triggered register .

7.7 PRE LAB VIVA QUESTIONS:

1. What is the logical operation of D-Flipflop?
2. What is the logical operation of Master-Slave Flipflop?
3. What is the application of Flip-Flop?

7.8 POST LAB VIVA QUESTIONS:
1. Try To design Master-Slave flip flop using some other gates?

2. What do you observe from characteristics of Master-Slave flip flop ?
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EXPERIMENT NO: 8

8.1 AIM: To study V-1 characteristics of a differential amplifier
8.2 LEARNING OBJECTIVE: To understand V-l characteristics of a differential amplifier
8.3 TOOLS REQUIRED: PC
CADENCE TOOLS
8.4 PROCEDURE:

Schematic Entry

Objective: To create a new cell view and build Differential Amplifier

pmecE C C © ° pmod

SprosTL . . . 0 0 oL "prmasl™,
:3 |‘ ‘|E: w="150

ity S |‘

nros Coe .., oS

’ "nmoal™
:3|_ .. . . .. . . . . . '_|Ej'h'=-'1-.5u .
|:=-|,;J :::. A | :::.I=.1u

i e

+

Schematic Capture
Creating a Schematic cellview

Open a new schematic window in the myDesignL.ib library and build the Differntial Amplifier design.
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1. In the CIW or Library manager, execute File — New — Cellview. Set up the Create New file form as follows:

=) _Naw il LR
w
ary My

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

Adding Components to schematic

1. In the Differential Amplifier schematic window, execute Create— Instance to display the Add Instance form.
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 Differential Amplifier schematic.

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

Library name Cell Name Properties/Comments

gpdk180 nmos Model Name = nmos1 (NMO, NM1) ; W=3u; L=1u; Body Type
. Detached

gpdk180 nmos Model Name =nmosl (NM2, NM3) ; W=45u; L=1u; Body
Type : Integrated

gpdk180 pmos Model Name =pmosl (PMO0, PM2); W=15u; L=1u; Body
Type : Integrated

window

Adding pins to Schematic

Use Create — Pin or the menu icon to place the pins on the schematic window.

1. Click the Pin fixed menu icon in the schematic window.You can also execute Create — Pin or press p. 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

ldc,V1,v2

Input
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Vout Output

vdd, vss, InputOutput

Make sure that the direction field is set to input/ouput/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 window, execute View— Fit or press
the f bindkey.
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. 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.
2. Observe the CIW output area for any errors.
Symbol Creation
Objective: To create a symbol for the Differential Amplifier
1. In the Differential Amplifier 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.
3. Click OK in the Cellview from Cellview form. The Symbol Generation Form appears.
4. Modify the Pin Specifications as in the below symbol.
5. Click OK in the Symbol Generation Options form.
6. A new window displays an automatically created Differential Amplifier symbol.

7. Modifying automatically generated symbol so that it looks like below Differential Amplifier symbol.
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8. Execute Create— Selection Box. In the Add Selection Box form, click Automatic. A new red selection box is

automatically added.

9. 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.
Building the Diff_amplifier_test Design
Objective: To build Differential Amplifier Test circuit using your Differential Amplifier
Creating the Differential Amplifier Test Cellview
o Inthe CIW or Library Manager, execute File— New— Cellview.

o Set up the Create New File form as follows:
T Y T

3. Click OK when done. A blank schematic window for the Diff_amplifier_test design appears.
Building the Diff_amplifier_test Circuit
1. Using the component list and Properties/fComments in this table,build the Diff_amplifier_test schematic.

Library name Cellview name Properties/Comments
myDesignLib Diff_amplifier Symbol
Define specification as
analogLib vsin AC Magnitude= 1; Amplitude= 5m;
Frequency= 1K
analogLib vdd, vss, gnd Vdd=2.5; Vss=-2.5
analogL.ib Idc Dc current = 30u
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Note: Remember to set the values for VDD and VSS. Otherwise your circuit will have no power.
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 on the Check and save icon to save the design.

5. The schematic should look like this.

6. Leave your Diff_amplifier_test schematic window open for the next section.

Analog Simulation with Spectre

Objective: To set up and run simulations on the Differential Amplifier Test design.

In this section, we will run the simulation for Differential Amplifier and plot the transient, DC and AC
characteristics.

Starting the Simulation Environment

1. In the Diff_amplifier_test schematic window, execute Launch — ADE L. The Analog Design Environment
simulation window appears.

Choosing a Simulator

1. In the simulation window or ADE, execute Setup— Simulator/Directory/Host.

2. In the Choosing Simulator form, set the Simulator field to spectre (Not spectreS) and click OK.
Setting the Model Libraries

1. Click Setup - Model Libraries.

Note: Step 2 should be executed only if the model file not loaded by default.

2. In the Model Library Setup form, click Browse and find the gpdk180.scs file in the ./models/spectre directory.

Select stat in Section field, click Add and click OK.
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spectre0: Model Library Setup

_ | rodel File | Section |
B Global Model Files
LW | rshanfcadence_analon_labs_BTd/models/spectredgpdk scs | stat
ESIRL - Click here to add model file: - e
—_
|
#
—_—

Choosing Analyses
1. In the Simulation window, 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 5m

c. Click at the moderate or Enabled button at the bottom, and then click Apply.
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 Vsin for dc analysis.

f. In the analysis form, select start and stop voltages as -5 to 5 respectively.

g. Check the enable button and then click Apply.
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4. To set up for AC Analyses form is shown in the previous page.

a. In the Analyses section, select ac.
b. In the AC Analyses section, turn on Frequency.
c. In the Sweep Range section select start and stop frequencies as 150 to 100M
d. Select Points per Decade as 20.
e. Check the enable button and then click Apply.
5. Click OK in the Choosing Analyses Form.
Selecting Outputs for Plotting
Select the nodes to plot when simulation is finished.
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 Vo, input net Vin of the Diff_amplifier. Press ESC with the cursor in the schematic after selecting node.

Does the simulation window look like this?
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Running the Simulation
1. Execute Simulation — Netlist and Run in the simulation window to start the simulation, this will create the netlist
as well as run the simulation.

2. When simulation finishes, the Transient, DC and AC plots automatically will be popped up along with netlist.

Transient Response AC Response [_?J DC Response m

Ba/ve =|svi | — I — I
24
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[a281ms] S.047mv mR [ 4.9305MHz | 87.203V I 200mv| 349!

- graphl. tracel: Vi

-

8. 6 RESULT: Designed and plotted the characteristics Differential amplifier
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8.7 PRE LAB VIVA QUESTIONS:

1. Define differential amplifier?
2. What are the characterstics of differential amplifier?
3. What is the application of differential amplifier?

8.9 POST LAB VIVA QUESTIONS:
1. Design opamp by using differential amplifier?

2. What do you observe from characteristics of differential amplifier?
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EXPERIMENT NO:9

9.1 AIM: To design layout of NMOS and CMOS inverter.
9.2 Creating Layout View of Inverter
e From the Inverter schematic window menu execute Launch — Layout XL. A Startup Option
form appears.
e Select Create New option. This gives a New Cell View Form
e Check the Cellname (Inverter), Viewname (layout).
e Click OK from the New Cellview form.

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

= -

e Execute Connectivity — Generate — All from Source or click the icon in the layout editor window,

Adding Components to Layout

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

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

e To rotate a component, Select the component and execute Edit —Properties. Now select the degree of

rotation from the property edit form.
|2 eld BHEXOR|®RNSA|I®E

e To Move a component, Select the component and execute Edit -Move command.

Making interconnection

e Execute Connectivity —Nets — Show/Hide selected Incomplete Nets or click the icon in the
Layout Menu.

e 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.

e 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.
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e 1. Execute Create — Via or select % command to place different Contacts, as given in

below table
Connection Contact Type
For Metal1- Poly Connection Metall-Poly
For Metall- Psubstrate Connection Metal1l-Psub

For Metall- Nwell Connection Metal1-Nwell

|
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Saving the design

1. Save your design next do
Physical Verification:

Assura DRC
Running a DRC

Open the Inverter layout form the CIW or library manger if you have closed that.
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Press shift — f in the layout window to display all the levels.

e 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 Design Source |DFIl B Compare two layouts asd \(Generate Lyl Compare Bules..
Library myDesignLib Cell Inverter View layout Browse...
Save Extracted View __ View Mame drc_extracted
Area To Be Checked |Full '
Run Name | Run Directory . /DRCrun
Run Location local '
Yiew Rules Files ¥  Technology gpdk180 n Rule Set |default '
— Rules File cadence_analog labs_ 613/pv/assura/drc.rul | View... | Reload)
Switch Names L Set Switches
— RSF Include | View...
Variahle Value Default Description
None .
View avParameters - hodify avParameters... J Mo avParameters are set.
View Additional Functions P Mo additional functions are set.

@  caocel J(_Apply J(_ Defaults Load State Save State J(_ View RSF J( Help )

39
e Click OK to start DRC. -

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

e 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.

e |f 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.

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

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

Re — run the DRC.

e [fthere 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
e In this section we will perform the LVS check that will compare the schematic netlist and the
layout netlist.
Running LVS
e  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.

Change the following in the form and click OK.

(2 Run Assura LVS [% 1]

schematic Dasigh Source  ([RFI K@ Use Existing Metlist — L Mstlistihg Options

Library myDesignlihb call Inverter View  schemstic . Browse V]
Layout Dasign Sourcea {oFN - Lsa Existing Extracted batlist -

Library mylDwsignlib call Inver bwr Viaw Lmy ot Browse

\

Fun MName | Run Directory JLVS

Run Location :_|.Ln_.~.ll '

View Rules Filles ~ Technology ku_urull:l('ll) ‘ Rule Sat (ln(.:null .

—  Exltact Rules moe_analog Labs Gli/pyv/assura/extract. cul Viaw... JIBaload )
Compara Hules imnsondence_wnelog_lebes 613/pv/mesuran/compmre cul \ Vimw
Switch NMames \ Set Switchas

- Hindirig Flleis) s View..

—  RSF Includs \ VBV,

Variable Value Lrerault Description
iNane .
View avParameters e Modify avParametars, J 7 avParameters are set
View avCompareRules \ Maodify avCompareRBules I avCampara rula is sat

View additional Functions i Mo additional functions ara sel

(Gancel)(_Apply. J(_ Defaults )(_Load State )(_ Save State )\ View BSE J( Help ) |

e The LVS begins and a Progress form appears.

If the schematic and layout matches completely, you will get the form displaying

Schematic and Layout Match.

e If the schematic and layout do not matches, a form informs that the LVVS completed successfully and
asks if you want to see the results of this run.

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

e 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
66




should match with schematic completely to ensure that all parasites will be backannoted to the correct

schematic nets.
Running RCX

e From the layout window execute Assura — Run RCX.

e Change the following in the Assura parasitic extraction form. Select output type under Setup tab of the

form.
QRC (Assura) Parasitic Extraction Run Form
| Sewp || Extraction || Fiterng: || Netisting || RunBetalls || Subshate | =

Technology (gpdk1o0 . Ruleget (dafault ' m
pelysset {NCINE UsehMultRuleSets.

Setup Dir “/hr.mm/dnrshmn/n‘;ndrmcn_‘mnal,nﬂ_ labs hl ‘37;§v'1}as-n\.lrm./('lt:x

RSF Include Ul J (o) Wit

Rulo RSF Inelude Wilewy) (Edlty

Tech Cmd File [Defallt B9 f ) i) (B

utput Extractad View ' Lib 'Dnnlg'nLiH Cel Inverter View av_extracted|
hable CallView Check - )
prasitic Res Component presiator Frop |d r 2

hrasitic Cap Componant peapacitor Frop Id ¢

rasitic Ind Componant 'i;;rvlvtrlvl_llr;l:;lr Frop ld 1

brasitlc M Camponent pmind Prop Id *

ductance L1 Prop ld “indl Inductance L2 Prop ld 'ind2

| Procedure '

Ihstrate Extract = Extract MOS Diffusion Res R4

ktract MOS Diffusion AP ¥ Add LYS MOS Diffusion Res ol

ihstrate Proflle (NONE . Extract MOS Diftusion High HONE [

Lirary Prinflx [ I

brary, Directory

| il B

. @I cancel )| Defaults J(_Apply )| Load State J(_ Save Stata )(_ ViewRsE JHelp )
e Inthe Extraction tab of the form, choose Extraction type, Cap Coupling Mode and specify the

Reference node Xor extraction.

QRC (Assura) Parasitic Extraction Run Form
| setup || Exraction || Filtering || Netlisting || RunDetalls || Substate | -
Extraction Type |RC ' Name Space Layout Names '
Max fracture length infinite  |microns ' Temperature 25.0 c
Cap Coupling Mode  |(Coupled n Ref Naode gnd!
Mult Factor 1.0
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e In the Filtering tab of the form, Enter Power Nets as vdd!, vss! and Enter Ground Nets as

gnd!

wdd!
vss |

From File =

Enter Power Mets:

SelFrom3ch

grud !

Enter Ground Mets:

From File

SelFrom3ch

4

o 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.

e When RCX completes, a dialog box appears, informs you that Assura RCX run Completed
successfully.

e You can open the av_extracted view from the library manager and view the parasitic.

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.

e In the CIW or Library Manager, execute File — New — Cellview
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e Inthe Create New file form, set the following:

g ~ewrie k&)

Flle

| Ciisraty myDesignLi [l
Call 'Invecter“'roat

| View contig

\ Type cornfig -
Application

| Cpan with \Hierarchy Editor .

| Always use this application for this type of file

Library path file
w/dacrshan/cadence analog labs 613/ cds. lib

OK

weanosl J( Help
-

e Click OK in create New File form. The Hierarchy Editor form opens and a New Configuration

form opens in front of it.

Pile Ol Mieeds  Piugins

i

WVErteosnaw e Hlmearciny oo

Bl badd i romss” Y L= e o

Litarmry
Top Cal
Cwll
N LAy [t
el
=TT )
Viawvy |

SRR

[Inverter_Twst

LA | b

PN, CCeonfisauratiosn

| Takim Aol EVinadingg s
Call En

Litrmey Lt
Views Lt
=iop Lol
Canstesint List
Dusorip ton

W bdarne

Ay -
[NSAALS L Eeat

wEmnewl o\ Twmoplste o blmip o

Click Use template at the bottom of the New Configuration form and select SpecEre n
the cyclic field and click OK. The Global Bindings lists are loaded from the template.
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(s . =T
I~ Usze Template EX]

Tempiate

Mame: |<Other>

Oy
From Flle: angac”

=
AaulLvs
hspiceb

spectraVearilog
systamiVerilog
varilog

& vhdlinteg

e Change the Top Cell View to schematig and remove the default entry from the
Library\_ist field.

e Click OK inYhe New Configuration form.

The hierarchy ediXor displays the hierarchy for this desi

using table format.

Virnuosode Hierarchy Editor: imyDesignlib Inverter
il Bt Misw Plugins sip

Test confia)

cadence

W - — .
[ S = )[R EST SRR [ Y
—
Nop Call ] [ [ Glabal Bindings P
Library: myDesignlib kibravy:List
Cull Invartar Tast View st 5.5ch schomatic -\-/c]:llko-g:'.\ ahdl
Viewy: schomatic S1op List apaectre
~ Canstraint List
Qpen
Tabile Vs Troe Viaew
Call Bindings
_ma.uammu_dm,_nnb._.lw‘mmﬁmm_lmmmdﬂwmmnmu_l
analoglib vdo apRctre apectra cmoa_sch cmos.s
analoglib Vpulse spectre spEctre cmos_sch cmos s
gpdk1 B0 nmos spectre spectre cmos_sch cmos s,
gpdk1 oo pmos spoctre spectre cmos_sch cmos.s..
myDasignlib Invertar schamatic spectre cmos_sch cmos.s..
myDasignlib Invartar_Taat schamatic apRclte cmos_sch cmos s

Il MNamespace:; CREA  Fltars OFF "
Ay -
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Click the Tree View tab. The design hierarchy changes to tree format. The form should

look like this:

e Save the current configuration.

Tahle Yiews Tree Yiew
Target: Occurrence

: Instance | Wiew To Use | Inherited ‘iew List |
B- &% (myDesignLib Inverter_Test schematic)
-- [ 10 {myDesignLib Inverter schematic) spectre cmos_sch cmos...
Q Y0 (analogLib vpulse spectre) spectre cmos_sch cmos..
L (20 W1 (analoglib vdc spectre) spectre cmos_sch cmos...

=

Close the Hierarchy Editor window. Execute File — Close Window.

To run the Circuit without Parasites

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" & yes o no
Top Cell View "myDesignLib Inverter_Test schematic” & yes o ho
_Cancel /| Help

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.

Execute Launch — ADE L from the schematic window.

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

e Click Netlist and Run icon to start the simulation. @

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

e Inthe CIW, note the netlisting statistics in the Circuit inventory section. This list includes
all nets, designed devices, source and loads. There are no 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.

Fllo Tools View @ptions  gonstants  Help cadence
-| Besults DIn  /exporthomesdarshandsimulationAnverter. Testispectre/oonfig/per
- V1 - VI v — VN - Op e var — N — NP vawr . hp cm
3 [ [T A [P T T I o oopt o mp [ vne p vp — gd ctm
- o Wiy o Wive | clip | Bl 8T Appeng -| E3

[

v | g [y Fop | M50 @A H™ How | e ME |

[Special Functions B el W VB ot
- - - -1 6.8

AVerage aniak A PN G ianin rmariaiee S

L Wl dthy dril guiAxcINYave  avuershoot root wmin L Wi L@

clip duty oy le aroupeNy 1eak Bample vl H
L campare GV R hatmornic Al | Ittay -,.-uu'n...m.u_v VG 0 " Ct the Input

comprusxion MV Hsemon e re s A Mg FEatw Vi -

comprossion Vil aveliagram histo olNolse tralPosvwer wuser . uswer g

convalva nip lntag o wum WEar a4 user 4
Wd | |crows fourz vl Intwg ctddmy

dEm frog Intersect tangont

(TP nag_jittar Ipn tha
omrl frocuency IPNYIRI e TInN Uity Gainireg
[ ] 1M galnBwlPrad  loadpull e Jalle
ARV [~ ]
® |1a culator to

calculate delay at 50% i.e™a{_ 0.9 volts.

e Execute OK and observe the expression created I the calculator buffer.

e Click on Evaluate the buffer icon :!u'""t to perform the calculation, note down the
value returned after execution.

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.

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

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

e Click right mouse on the Inverter schematic.

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

Virtuosodd Hierarchy Lditor; (myDesignlib Inverter_Test conlig)

Elle Edit Mew Pluging |Help cadence
Il (™ . . . 17
O i = L & & | % ‘
|_Top Con 80| | Global Bindings v 8% |
Library: myDasignlib . Library List myLesignlib
Call Invanar Tast aet II‘I!L’I_TE;VI-B.W_ ESTRa bl
Vimw achamatic Expand Instance AV Etracted
Expand By Instance Group layout
Qpan Explain schematic
pen. Cipan aymbol
Dpen (Read-0Only) e Source Flla
Tabla View Tree View Add Stop Polnt ld Roferance Varllog.
Target: Instance Remuyve Stop Point
e [T VY~ T —| Add Bind To Opon Inharitecd View List |
= ,{-:*,\ (myDasignlib Invartar Tast schamatic Remaye Bind To Bpen
([l ™= 10 (myBEesignbil Inverter schamatic wetrn cmoe_scly cmos.ach,,
W VO (analoglib vpulsa spactra) apactra cmog_ach cmos ach
LV (analoglibh vde spectre) spectre cmos_sch cmos sch..
i Namsspace, COBA  Fillars: OF F
a7y = |
e Click onthe Recompute the hierarchyicon, EE the configuration is now updated

from schematic to av_extracted view.

-

e  When simulation completes, note the Circuit inventory conditions, this time the list shows

e  From the Analog Design Environment window click Netlist and Run to

start the simulation again.

all nets, designed devices, sources and parasitic devices as well.

e 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

e  Select File — Export — Stream from the CIW menu and Virtuoso Xstream out form appears

change the following in the form.
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Virtuoso(R) XStream Out

Stream File™ Jexporthomeldarshanfcadence_analog_labs_613/Inverter gds o
Technology Library | gpdk180
Library™ my DesignLib ==
Toplevel Cell{s) Inverter
Wiew layout 82
Options Load Hierarchy Translate Cancel
Load Template . Save Template ' Fefresh Libs J & Help g Feset Options

\ 1 f y
\

\ Analog lab manual

Click on the Options button.
In the StreamOut-Options form select *# Use Automatic Mapping under Layers tab and click OK.

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

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

Streaming In the Design
e Select File — Import — Stream from the CIW menu and change the following in the form.
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Virtuoso(R) XStream In
Stream File” fexporthomeldarshanfcadence_analog_labs_613/Inverter.gds i
Destination Library® QDS_LIB n
Attach Technology Library | gpdk180 n
Top Cell Ihverter n
Load ASCII Tech File fexporthomeldarshanfcadence_analog_labs_613/techFilesigpdk180_0a22 tf u

Options Load File _ Tranzlate Cancel
Loadd Ter'plate . Save Template Refresh Libs Help Reset Options.
\ s
| I 4

! Analog lab manual

You need to specify the gpdk180_oa22.tf file. This is the entire technology file that has been
dumped from the design library.

e Click on the Options button.

e In the StreamOut-Options form select *# Use futomatic Mapping  yunder Layers tab and click
OK.

e Inthe Virtuoso XStream Out form, click Translate button to start the stream translator.

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

Close all the windows except CIW window, which is needed for the next lab.
9.5 RESULT: Designed layout of inverter and verifications has been done on the layout.

9.6 PRE LAB VIVA QUESTIONS:

1. What do you observe from inverter previous experiment?
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2. What are the calculation did using simulation of inverter?

9.7 POST LAB VIVA QUESTIONS:
1. What is DRC?

2 What is LVS?
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EXPERIMENT-10

10.1 AIM: To Design the layout of 2-input NAND, NOR gates.
10.2 LEARNING OBJECTIVE: To Design the layout of 2-input NAND, NOR gates.
10.3 TOOLS REQUIRED: PC
CADENCE TOOLS
10.4 PROCEDURE:
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.

10.4 RESULT: Designed layout of nand gate and verifications has been done on the layout.
10.5 PRE LAB VIVA QUESTIONS:
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1. What is the application of NAND gate?
2. What is difference between nand and nor function?
3. Why NAND and NOR are universal gates?

10.6 POST LAB VIVA QUESTIONS:
1. Define LVS?

2. What do you observe from characteristics of NAND gate?
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EXPERIMENT-11

11.1 AIM: To draw the schematic, perform simulation for common source amplifier.

11.2 TOOLS REQUIRED:
1.PC

2. CADENCE IC6.1.4

11.3 PROCEDURE:
Schematic Entry

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

Schematic Capture
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Use the techniques learned in the inverter 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 = pmosl; W=50u; L= 1u;

Body Type : Integrated
gpdk180 Nmos Model Name = nmosl; W=10u; L= 1u; Body

Type : Integrated

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

Symbol Creation
Objective: To create a symbol for the Common Source Amplifier

Use the techniques learned in the inverter to complete the symbol of cs-amplifier

Building the Common Source Amplifier Test Design
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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.

Library name Cellview name PropertiessfComments

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 vhias=-2.5
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Analog Simulation with Spectre
Objective: To set up and run simulations on the cs_amplifier_test design.
e Use the techniques learned in the inverter to complete the simulation of cs_amplifier, ADE

window and waveform should look like below.

Session Setup Analyses Wariables Outputs  Simulation  Results Tools Help cadence

Status: Ready T=27 C  Simulator; spectre

Design Variahles Analyses LEE.
Mame - | Yalug |- | Type = |Enahle | Afguments " -

1 di s t-5 5 Automatic Star-Stop V3 o AC

2 ac 4 130 100k 20 Logarithmic Points Per Decad... CI _ Bbe
3 tran v 0 5m moderate  Trans
- [

_ | Outputs
- = = H -+

Mame/SignalExpr - — |falue |Plot |Save | Sawve Options | ]"ﬁ
1vao W |l ally o

2 i ¥ _ alw = X

b
N - Q
- L[1] Ll
= L " Piot after Simulation: @uto K@ Plotting mode: Replace _ O
= Results in ..mefdarshan/simulation/cs_amplifier_test'spectredschematic
38 | Plot Outputs A
Transient Respanse |1—| AC Response |§| DC Response |§|
=i = I
1.9205 2

1.92

19195
0
=
o 1.919 =
£ =
-1
1.9188
-2
1.918
_ 19175 3
@ 1.0 20 30 40 50 10210% 10t 10° 108107 10? 50 -25 0 25 50
[351oms [ 4 5i5my: ims [Ea3eeMAz [ 151802y EENCFTT] B R
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11.4 RESULT: Analyzed of frequency response of common source amplifier.
11.5 PRE LAB VIVA QUESTIONS:

1. Define common source amplifier?
2. What are the characterstics of common source amplifier?
3. What is the application of common source amplifier?

11.6 POST LAB VIVA QUESTIONS:
1. Design opamp by using differential amplifier?

2. What do you observe from characteristics of common source amplifier?
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EXPERIMENT-12

12.1 AIM: To draw the schematic, perform simulation for Common Drain amplifier.
12.2 TOOLS REQUIRED:

1.PC 2.CADENCEIC6.1.4

12.3 PROCEDURE:

Schematic Entry

Schematic Entry

Objective: To create a new cell view and build Common Drain Amplifier
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Use the techniques learned in the Labl and Lab2 to complete the schematic of Common
Drain Amplifier.

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

Library name Cell Name PropertiessComments

gpdk180 nmos Model Name = nmosl; W=50u; L=1u

gpdk180 nmos Model Name = nmosl; 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

Symbol Creation

Objective: To create a symbol for the Common Drain Amplifier

Use the techniques learned in the Labl and Lab2 to complete the symbol of cd-amplifier

Building the Common Drain Amplifier Test Design

Objective: To build cd_amplifier_test circuit using your cd_amplifier
Using the component list and Properties/Comments in the table,
build the cd-amplifier_test schematic as shown below.

85




Library name Cellview name

PropertiessfComments

myDesignLib cd_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

© cd_amplifier

Analog Simulation with Spectre

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

e Use the techniques learned in the Labl and Lab2 to complete the simulation of

cd_amplifier, ADE window and waveform should look like below.
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p —_—mm -
' 7 (5).= Solutlons cd_amplifier_test.schematic
Session  Setup  Analyses Varlables Qutputs  Simulation  Results  Tools Help cadence
I Status Raady Tw=27 ( Simulator spactra
Design Variables Analyses ;1.
Name | Valua w Type — |Enahle | Argumeants [ ¥
| d v {5 5 Automatic Start-Stop /Va f o AC
2 ac L 150 100M 20 Logarithmic Points Par Decad : oc
3 tran v 0 5m moderate LJ Trans
|l—|n|nn'. o [l[::_,
Mame/Signal/Expr [Value | Rlot, |Save | Save Optlons | | A/
1 Vo v i ally ){
2 Vi v ally
U @
[ : :
o il Il bl Plot Aler Simulation: Auta n Plotting mode: Replace n "
a p
Results In _mesdarshan/simulation/cd_ampliner_test/spactra/schematic o\
45| Dalete
(8 I‘.
Transient Response |1_| AC Response El D Response |§|
677.75 — I
3

77 745

7774

BF7.F35

Mag (my)

GF7.73

BFF. 725

B77.72 -2

_ 677715 .
0 1.0 20 30 40 50 102103 10*10% 108107 10° 50 -25 0 5 5@
Tzaem: | 5.0scmv: M [S4z67RAz | 677.74850my T B WY

12.4 Result: Observed the simulation result of the experiment .
12.5 PRE LAB VIVA QUESTIONS:

1. Define Common drain amplifier?
2. What are the characterstics of Common drain amplifier?

3. What is the difference between common source and common drain amplifier?
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12.6 POST LAB VIVA QUESTIONS:
1. What are the advantages of common drain amplifier?

2. What do you observe from characteristics of common drain amplifier?
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EXPERIMENT-13

13.1 AIM: To draw the schematic, perform simulation for Cascode amplifier.
13.2 TOOLS REQUIRED:1. PC 2. CADENCE IC6.1.4
13.3 PROCEDURE: Follow the procedure what you have followed till now for the design ,do the

simulation find gain margin and phase margin .
Schematic Entry
This amplifier is designed with Cadence simulation based on the technique library of SMIC 0.18um.

M28 L. Vbiasd
M15 |_____

M16 Vbias3

\

Ybias4

M27 '—
M6
Vbias2
Vbiasl
M26 l:]l.- M1l |j M7 ,j
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Stimulation result
The gain of this amplifier can reach 96.29dB, and the phase margin is 83.5 degree, as shown in Fig. 4.

AC Rasponse

-75.04
© - - o - M2(7.479MHz, -96.5deq)

~1004 B

YO (

n g 1
s :

75.04 "MO(4.931Hz, 95.2948) a

_ MI(7.254MHz, 0.048)
.

“100 101 102 103 104 105 105 107 108
[ feq (Hz)

13.4 RESULT: Study the characterstics of cascade amplifier .
13.5 PRE LAB VIVA QUESTIONS:

1. Define gain margin?

2. Define phase margin?

3. What is the difference between cascade and cascode?

13.6 POST LAB VIVA QUESTIONS:
1. What are the advantages of cascade amplifier?

2. What do you observe from characteristics of common drain amplifier?
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EXPERIMENT-14

14.1 AIM: To draw the schematic, perform simulation, of current mirror.
14.2 LEARNING OBJECTIVE: To Design the layout of 2-input NAND, NOR gates.
14.3 TOOLS REQUIRED: PC
CADENCE TOOLS
14.4 PROCEDURE:
Schematic Entry

Objective: To create a new cell view and build current mirror

nmaos S nmas

1 186N -
m:1.

Schematic Capture
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e Use the techniques learned in the inverter to complete the schematic of current mirror.

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

Library name Cell Name PropertiessComments
gpdk180 Nmos Model Name = nmosl; W=2u; L=180n; Body
Type : Integrated

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

Pin Names Direction
idc Input
vdd vss Input

Symbol Creation
Objective: To create a symbol for the current mirror

e Use the techniques learned in the inverter to complete the symbol of currmirror

Building the current mirror Test Design
Objective: To build _test circuit using your currmirror
e Using the component list and Properties/fComments in the table,build the currmirror_test

schematic as shown below.
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Library name Cellview name PropertiessComments

myDesignLib currmirror Symbol
analogLib idc DC Current = 50u
analogLib vdc,gnd vdd=2.5; vss=0;

Analog Simulation with Spectre

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

Use the techniques learned in the inverter to complete the simulation of currmirror, ADE window and
waveform should look like below.
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14.4 RESULT: Analyzed of simulation response of current mirror.

145 PRE LAB VIVA QUESTIONS:

1. Define current mirror?
2. What are the characterstics of current mirror?

3. What is the difference between current source and current mirror?
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14.6 POST LAB VIVA QUESTIONS:
1. What are the advantages of current mirror?

2. What do you observe from characteristics of common mirror?
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