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Summary:

Tanner EDA is a suite of tools for the design of integrated circuits. These tools allow you to enter
schematics, perform SPICE simulations, do physical design (i.e., chip layout), and perform design rule
checks (DRC) and layout versus schematic (LVS) checks. There are 3 tools that are used for this process:

S-edit - a schematic capture tool
T-SPICE - the SPICE simulation engine integrated with S-edit
L-edit - the physical design tool



Using S-Edit (Schematic Entry Tool) & T-SPICE (Analog Simulation Tool)

Example: 1V Curves of an NMOS Transistor

S-edit is a schematic entry tool that is used to document circuits that can be driven forward into a layout
of an integrated circuit. It also provides the ability to perform SPICE simulations of the circuits using a
simulation engine called T-SPICE. T-SPICE can be setup and invoked from with in S-edit.

Part 1: Setup your Directory Structure & download Libraries

a)
b)

Log onto a computer on 6" floor Cobleigh.

You want to create a directory for all of your Tanner EDA projects. You also will need to
download and unzip a set of library & model files from the course website that will be used
for your simulations.

- Create a directory structure named “EELE414 VLSI Fall2011\Tanner_Projects

Go to the course website and download the zip file called “Tanner Libraries.zip”. Unzip it
into your Tanner Projects directory. This group of files contain the necessary information
to enter components into S-edit (circuit symbols), perform SPICE simulations (models),
and do physical layout (layer definitions, DRC, LVS)

Part 2: Start a New Design & Setup Libraries

a)

b)

Start S-Edit:

- Start — All Programs — Tanner EDA — Tanner Tools v12.6 — S-Edit v12.6

Start a New Design:

Using the pull down menus, create a new design:

- File — New - New Design

A dialog will appear asking for a design name and location. When you give the name, S-
edit will create a folder of that name in the directory that you provide that will contain all
of the design files. You should give a descriptive name that represents each simulation

you will be running.

- Enter the name “HWO03_NMOS_IV_Partl” and browse to your
“EELE414 VLSI Fall2011\Tanner Projects” directory

- Click “OK”
Create a new Cell

A “cell” is a design element. A cell can contain multiple views such as schematics and



d)

symbols. Cells can be instantiated in other cells. When performing a simulation, we will
typically call the cell “TOP”. When we are testing a circuit, for example an inverter, the
inverter will have its own cell that contains a schematic of the devices and a symbol. The
inverter cell is instantiated in the TOP cell that contains ideal elements such as voltage
sources and probes that are only used for simulation. This allows us to separate the cells
that are actually going to be implemented on the die versus cells that are only used for
simulation.

Using the pull down menus, create a new cell view:
- Cell — New View:

- enter the cell name “TOP”. Ensure the design name is “HWO03_NMOS_IV_Partl1” and
click OK. You can leave the interface and view names “view(”.

A blank schematic page will appear. It is a good idea to save this right now.

Enter the symbol libraries:

First, you need to include a library which contains the symbols for all basic circuit
elements such as resistors, NMOS, capacitors, etc... The libraries for all the basic

symbols are in the Tanner_Libraries.zip file you downloaded and unzipped.

- On the left side of the S-edit screen you’ll see a Libraries window, click on the “Add”
button.

- Browse to “Libraries\AII\All.tanner” and click “OK”

You should see a set of libraries appear:




Setup the SPICE Models for the Generic_025 kit.

The libraries that you just added have symbols for NMOS and PMOS transistors.
However, all non-linear components such as MOS transistors require a model to describe
their behavior. If you simply enter an NMOS symbol in your schematic, SPICE will not
know what to do since each NMOS transistor fabricated in a different technology behave
differently.

In this example, we will use a transistor technology called “Generic_025, which
represents a standard, 0.25um CMOS process. You will need to setup the SPICE models
for this process in S-edit. Once you do that, when you enter an NMOS or PMOS
transistor, you can then associate the 0.25um model to that symbol.

Using the pull down menus, setup the SPICE models:
- Setup — SPICE Simulation
- In the dialog that appears, you should highlight “General” on the left.

- On the right, click in the “Library Files” field. This is where you will specify
any SPICE models you will be using in your simulations. Browse & select
“Generic_025_Kit\ Generic_025_SPICE_Models_Levell.lib”

- On the right, click in the “SPICE File Name” field. This is where you specify the
name and location of the SPICE Netlist output. Browse to your design directory
“EELE414 VLSI Fall2011\Tanner_Projects\HWO03_NMOS_IV_Part1” and enter
the filename “TOP.sp”.

- On the right, click in the “Simulations Results File Name” field. This is where
the results of the simulation will be written. This file is what the waveform
viewer will look for when you go to plot your results. Browse to your design
directory “EELE414 VLSI_Fall2011\Tanner_Projects\HW03_NMOS_IV_Part1”
and enter the filename “TOP.out”.

- Before you can exit this window, you will need to select an analysis type. We
will setup the details of the analysis later, but for now, just check the “DC Sweep
Analysis” and click “OK” to close the setup window.

Setup SPICE Simulation of cell TOP' =28

= General
Reference Temperature (deg. C)
Accuracy and Performance Default

TOP.sp

-\Generic 025 Kit\Generic_025_SPICE_Models
TOP.out




Part 3: Enter the Schematic to simulate the 1V behavior of an NMOS Transistor

We will be entering the following circuit.
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a) Enter the NMOS transistor

- On the left, click on “Devices” in the upper window. This will display all of the symbols
available in this group. You should see all of the components that you can implement on a
CMOS integrated circuit.

- On the bottom left window, click once on “NMOS”. You should see the symbol of the
NMOS transistor show up in the symbol viewer window at the bottom.

- To place the NMOS, you will click on the “Instance” button. Two things happen when
you click on this button. First, a dialog will appear that will allow you to setup the
parameters for the NMOS. Second, the symbol will attach to your mouse. We will place
the NMOS in the schematic first and then set its properties later. This is an easier way to
enter the device. Click in the schematic window to drop an instance of the NMOS. Hit
the “Esc” button to end the insert-mode.



The NMOS is now in the schematic.

A note on zooming:

- [Home] = zoom fit
- [-] = zoom out
-[=] =zoom in

- the scroll wheel also zooms in/out.

- To setup the NMOS, click on the NMOS symbol. You will see the properties of the
device on the left. We want to setup the following:

- Model : enter “NMOS”. This model is found in the
Generic_025 library you added

- Name: M1. The SPICE designation for MOS transistors is to have the
name start with an “M”. S-edit automatically appends an M to the
name is the final name will be “MM1” in the TOP.sp file. But it is
good practice to name all MOS transistors with M’s.

-W Set to 2.5u. This is the default.

-L Set to 0.25u. This is the default.

b) Enter a DC source for VGS

- Using the same process you used for the NMOS symbol, enter a
“SPICE_Elements:VoltageSource”. This is a generic voltage source symbol that is
configured as a DC, TRAN, PWL, etc.. in its properties dialog.

- Click on the voltage source and enter the following:

- MasterlInterface: DC (this is the default but this is how you would change it to
something else.

- Name: VGS_Source (it is a good idea to use descriptive names)



-V This is where you will set the DC voltage (i.e., 4v, 5v).
However, for this example we will use a parameter instead
of a hardcoded value. We will enter a parameter name here
and then set up the parameter later. Enter “VGS_param” for
the value of V. When performing a DC sweep, you must use
parameters for the sweep.

¢) Enter a DC source for VDS
- Using the same process as above, enter a DC source for VGS with the following:

- MasterlInterface: DC (this is the default but this is how you would change it to
something else.

- Name: VDS_Source

-V “VDS param”

Position the sources as in the following figure:

A note on zooming:

- Hold down ALT-M to move a component. While holding these buttons
down, click and drag the components.

- To rotate, click on the device and click the [r] button.



d) Enter Grounds

- Using the same process as above, enter 3 grounds from Misc:Gnd

e) Enter Wires

- You can enter wires by clicking on the “wire” icon at the top

- Enter wires by clicking on a symbol node and then dragging. Enter corners by clicking
once where you want to turn.

- You can label nets using the “Net Label” icon at the top




f) Enter a Current Probe to monitor IDS

- Enter the SPICE _Commands:PrintCurrent component. This doesn’t connect to anything.
You just place it anywhere and then tell it what current to monitor in its properties dialog.

- In its properties dialog, setup:

Terminal: D (this is the Drain of the NMOS)

Device: MML (this is the name of the device. Notice that we called it M1,
but S-edit automatically appends another M to the name. You will
only see this once you run the Netlist.

Analysis: DC (VERY IMPORTANT TO SELECT THIS!!)

Part 4: Setup the Parameters that will be used during the DC sweep analysis

When we entered the VGS and VDS sources, we set their values to “VGS_param” and “VDS_param”.
We now need to setup these parameters.

Using the pull down menus:

- Setup — SPICE Simulations

- On the left, click on “Parameters”

- On the right, click on the “Add Parameters” button (it is in the upper right corner next to the red X)

Enter: Name: VGS_param
Value: 1v

- On the right, click on the “Add Parameters” button

Enter: Name: VDS_param
Value: 2.5v



We will overwrite these values during our sweep, but the parameters need to exist first.

Part 5: Setup the SPICE DC Sweep Analysis

Using the pull down menus:

- Setup — SPICE Simulations

- On the left, click on “DC Sweep Analysis”

- On the right, enter the following for Source (this is what will be swept)

Source or Parameter Name: VDS_param

Start Value: 0

Stop Value: 2.5
Step: 0.1
Sweep Type: lin

- On the right, enter the following for Source (this is what will be swept)

Source or Parameter Name: VGS_param

Start Value: 1

Stop Value: 1.5
Step: 0.5
Sweep Type: lin

NOTE: The first parameter you setup in this dialog will be plotted on the independent axis.

Part 6: Simulate the Design

a)

b)

First, check you design using the pull down menus:

- Tools — Design Checks (any warnings or errors will be shown at the bottom)
Simulate your design:

- Clock on the Green Arrow to start the simulator:

The T-Spice window will appear. If everything is OK, the waveform viewer will also
appear. If everything worked, your waveforms should look like this:
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C) View the Netlist:

- In the T-spice window, right click on the file at the bottom and select “Show Netlist”

This will bring up the TOP.sp Netlist that was created and used by the spice engine. This
is a good place to look when you get errors. This is the text based description of what you
entered in S-edit.

] T-Spice - TOP.sp]

= | S
[B File Edit View Simulation Table Setup Window Help REE
DEES R # B ECIE
» | =&
[« export by:

14_Intro_to_VLSI Design\eele4ld_fa Tanner_Projects\HWO3_NMOS_IV_Partl
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1 - Parameters and SPICE Options
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VVDS_Source Vd_net Gnd 1
VVGS_Source VG_net Gnd DC VGS_param
\PRINT DC ID(441)
Settings - Analysis section *xxxxwsxx
Lo 1 lin VGS_pazam 1
Addic
.end
Status Input fle Output fle Options  Start Date/Time, Elaps
MADT_.. TOP.out Septermb 00.0.
MADT_. TOP.out 5

Ln 25, Col 37

d) View the Waveform:

- If the windows viewer did NOT automatically appear, you can click on the file in the T-
spice window and select “Show Waveform”
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Example: Transient Analysis of a CMOS Inverter & Symbol Creation

Part 1: Start a New Design, Setup Libraries & Setup Simulation

a) In this example, we will create a CMOS inverter and simulate its transient response. We
will create an inverter design that contains a symbol and then instantiate it in another
schematic to stimulate the circuit.

Symbols are handled by adding another view to a design. We will start by creating a
design called “Inverter” and then create a schematic view. This schematic will contain an
NMOS and PMOS wired as an inverter. We will add “Ports” for the Input, Output, VDD,
and VSS. We will then add a symbol view to this design. The symbol will contain the
inverter shape and the corresponding pins for Input, Output, VDD, and VSS.

We will then create a separate schematic called TOP that will be used to test the inverter.
We will instantiate the inverter symbol in TOP. We only want to put items into the
inverter design that can be fabricated. TOP will contain the ideal voltage sources to

provide the input waveform, the power supplies, and a mock load. In this way, when we
go into physical design (i.e., layout), we only drive forward the isolated circuits.

- Start S-Edit

- Create a new design called:
“EELE414 VLSI Fall2011\Tanner_Projects\HWO04_INV_Transient_Part1”

- Add the Tanner_Projects\Libraries\AlI\All.tanner library to the library list on the left
- Create a new Cell called “TOP” using the Pull Down Menus
- Cell - New View

Name =TOP
View Type = schematic

- Setup the simulation using the Pull Down Menus:
- Setup — SPICE Simulation
- Highlight the General Tab of the Setup SPICE window and set the following:
SPICE File Name: \HWO04_INV_Transient_Part1\TOP.sp

Library Files: ..\Generic_025_Kit\Generic_025 SPICE_Models_Levell.lib
Simulation Results File Name: File Name: \HWO04_INV_Transient_Part1I\TOP.out

12



- Check the “Transient/Fourier Analysis” box on the left and set the following:

Stop Time =2ns
Maximum Time Step = 10ps

- Click “OK”
Part 2: Create the Inverter
a) Create a new schematic view using the pull-down menus:

- Cell - New View

Name = Inverter
View Type = schematic
b) Enter the inverter schematic:

- Entering the NMOS:

Name =M1

L =0.25u
W =2.5u
Model =NMOS

13



- Entering the PMOS:

Name =M2
L =0.25u
w =5.0u
Model =PMOS

- Entering the Ports:

Ports are entered using the icons on the top of the S-edit window.
Enter the following:

In Port: Name it “IN”

Out Port: Name it “OUT”

In/Out Port: Name it “VDD”

In/Out Port: Name it “VSS”
- Wire up the Inverter

Enter wire connections as shown in the previous figure.

Export a SPICE Netlist
Exporting a SPICE Netlist is a good idea in order to verify that you have entered the
schematic correctly. Also, this Netlist will be used later when performing a “Layout
versus Schematic (LVS)” check. We want to export a Netlist at the Inverter schematic cell
level so that a Netlist of just the inverter exists for LVS. When we conduct the simulation
of this inverter, we will create a TOP level schematic that will have a Netlist containing
ideal voltage sources. This Netlist can’t be used for LVS since it contains components that
won’t be fabricated.
With the schematic open, use the pull down menus to perform:

- File — Export — Export SPICE.
- Browse to your design directory and give the file name “Inverter.spc”.

- Click “OK”

If you open the Inverter.spc with a text editor, you will see the following:

14



d)

Programmer's File Editer _14_Intro_tc_VLSI_Des\'g m\eeled14_falll1\Tanner_Projects\HWO4_INV_Transient_Part1\INVERTER.spc]
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* SPICE export by: SEDIT 12.61
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Create the Inverter Symbol

Symbols can either be created manually by creating a new symbol view or automatically
by S-edit. We will use the automatic symbol generation. This will create a new symbol

view from the schematic, create the ports for the symbol, and make a symbol shape. While

the shape of the symbol is rarely what we ultimately want, it will do a lot of the work for

us.

- With the schematic view open, use the pull down menus to create the symbol view:

Cell — Update Symbol

A new window will come up with a square symbol and 4 ports with the same names you
entered in the Inverter:schematic view (i.e., IN, OUT, VDD, VSS). You should edit the

shapes until you have created a symbol that looks like an inverter:

15



A note on drawing:

The “Path” icon will put you into a mode where you can draw lines that are not wires.
The “Circle” icon will allow you to enter the inversion bubble.

The ports can be moved by holding down “alt-m”

The ports can be rotated by selecting and pressing the “r”” button

Remember to save.

Part 3: Create the TOP schematic to test the Inverter

Instantiate the Inverter in the TOP schematic
Open the TOP schematic view using the pull-down menus:
- Cell — Open View:
Cell Name: TOP
View Type: schematic
In the library windows on the left of the window, highlight your
“HWO04 INV_Transient Partl” library. In the lower left window, you will see your two
Cells “TOP” and “Inverter”.

- Click on “Inverter” and you will see your symbol show up in the symbol viewer.

- Click on the “Instance” button and place your symbol in the TOP schematic.

16



b)

Enter the following circuit in order to power and stimulate your inverter:

vvvvvv

- Enter the Pulse Voltage Source. All voltage sources are the same component in the

SPICE_Elements library. The default is DC, but this can be changed to any other type of

source in the properties dialog.

Name = Vin_Source
MasterInterface = Pulse
Period =1ns
PulseWidth =0.5ns
VHigh =2.5v

VLow =0v
RiseTime = 10ps
FallTime = 10ps

- Enter a Load capacitor from the Devices library.

Name = Cload
C =50fF

- Enter a DC Source for VDD

Name =VDD_Source
Masterinterface =DC
V =2.5v

- Enter the grounds from the Misc library

17



- Enter wire connections and name them Vin and Vout

- Enter a voltage probe for both Vin and Vout

Part 4: Simulate the Design

a)

b)

First, check you design using the pull down menus:

- Tools — Design Checks (any warnings or errors will be shown at the bottom)
Simulate your design:

- Clock on the Green Arrow to start the simulator:

The T-Spice window will appear. If everything is OK, the waveform viewer will also
appear. If everything worked, your waveforms should look like this:

W-Edit Waveform Viewer - [MAOL Teaching\EE414 Intro_to VLSI Design\eele414 fall11\Tanner Projects\HWO04 INV Transient Part1\TOP.out]
—

File Edit View Chat Options Window Help
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—
=
<
o
o
©
=
©
=

Time (ns)
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Using L-Edit (1C Physical Design Tool)

L-edit is an integrated circuit physical design tool from Tanner EDA. This tool allows you to draw the
layout of an IC, look at cross-sections, perform DRC (design rule check), and generate a Netlist of your
layout so that you can perform LVS (layout versus schematic) using a different tool.
Part 1: Launch L-edit, Start a design, and Setup the Technology
a) Log onto a computer in the digital lab (601 Cobleigh) and launch L-edit using:
Start — All Programs — Tanner EDA — Tanner Tools v12.6 — L-Edit v12.6
b) Create a new layout design:
- File — New
- select “Layout”

- under “Copy TDB...”, browse to:

\Tanner_Projects\Generic_025_ Kit\Generic_025.tdb

- Click “OK”
New File [t
File type:
SPICE Nt
SPICE Metlist Cance

Calibre Command File
Dracula Command File

Copy TDB setup from file:
C:\Program Files{Tanner EDAYTanner Tools v12.6 | Browse. ..

<empty=

C:\Program Files{Tanner EDATanner Tools v12.6\L-Editedit. tdb

When you copy in the Generic_025.thd files, it loads all of the layer definitions for the
0.25um process and the design rule information. On the left, you should see a set of layers
for this technology that can be used to create devices.

C) Verify the technology rule options & setup grid

- Setup — Design
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Setup Design u

[ Obiect Snap | Interactive DRC | Mode Highlighting
Technology | Giid |  Selegion | Drwing | Xeffies
Technology name Digplay units:

Generic [.25um Technology Microns -
Technology units
@ Microns () Milimeters  (7) Centimeters
) Mils ) Inches ©) Other; |Lambda

Database resolution
Microns per Intemal Uinit

1
1 Intemal Unit = ——— Microns
1000

0Kk | [ Cancsl

Now you want to setup the grid. Click on the “Grid” tab. Since we are using a 0.25um
grid, let’s put our major grid and snap grid at 0.125um. Then we will put our minor grid
at 0.05. Enter the following:

Object Snap | Interactive DRC | Node Highlighting
Technology | Grid | Selection | Drawing I Yref files
Grid display
Meaijor displayed arid: I0.250] Microns
Suppress major gid if less than: 20 Pixels
Minor displayed grid: 0.050 Microns
Suppress minor gid if less than: 8 Pixels
Mouse grid
Cursar type: @ Spapping (0 Smgoth
Mouse snap agrid: 0,125 Microns
Manufacturing grid
Manufacturing grid: 0.050 Microns
[ Display curves using manufacturing grid

[ ok [ Cance
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Now let’s configure the ruler settings. When you draw polygons to implement your
circuitry, you will continually be measuring your shapes to make sure they are what you
want. You can place items called “rulers” that will show how large your shapes are.
Click on the “Drawing” tab and configure the “Display Text” to “Centered”.

Setup Design Lé]
Obiject Snap | Interactive DRC I Mode Highlighting
Technology | Giid |  Selegion | Drawing | Xeffiles
Default port text size MNudge amourt
0.250) Microns 0.050 Microns
Default ruler settings
Text size: 0250 Microns
Dizplay text: [Cerrtered -
End style: — % -
[ Show tick marks
10.000
1.000
Symmetric
Create rulers on
() Cument Layer
©  [Ruler -
[ ok [ Cancd
d) Save your design

- Now you can click “save” and give your design a descriptive name and location.
(i.e., \Tanner_Projects\HWOQ7_INV_Layout_Part1”

Part 2: Inspect the design rules for the kit

The design rules for this kit were loaded when you specified the Generic 0.25um design kit. L-edit will
check for violations in the design rules using a process called Design Rule Check (DRC). To see the

rules, use the pull down menus:

- Tools — DRC Setup

- You’ll see that the “DRC Standard Rule Set” is selected. Highlight this (if it isn’t already) and click the

“Edit” Button:
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Setup DRC Standard Rule Set

Rule set

Name: eneric 0. 25 um Process
All-angl "
ml-:';gnfe: 0.005 Microns
Rules list:

1.3 Deep N Well Minimum ¥ =
1.4Deep N Well to Deep N
1.5Deep N Well to N Well|= ‘
1.6 N Well Overlap Deep N
1.7 N Well Extension beyor
1.8 P Well Minimum Width E]
1.9 P Well to P Well Spadn
2.1 Active Minimum Width Mave
2.2 Active to Active Spacir
2.3a PMOS Source/Drain 5 E]
2.3b NMOS Source/Drain s
2.4a Well Contact to Wel £
2.4b Substrate Contact to
3.2 Poly to Poly Spacing

3.2a Poly to Poly Spacing (
[¥13.3 Gate Extension outof 7

Geometry Flags. ..

[] Limit number of errors reported per rule to: 1000
Rule: 3,1 Poly Minimum Width
Rule type
Minimum Width of Layer 1
@ Minwidth () Exact width () Motexist ) Overlap
(71 Spacing (1 Surround (7 Extension (7)) Density
Ignore
Coinddences Intersections
If layer 1 completely outside layer 2
[ acute angles
Rule distance
0.250 Microns
Rule layers
Layerl: Poly E]
[Expcrtbo Command File... ] [ OK. l [ Cancel

]

At this point, the only rule that makes much sense is the minimum gate length. If you click on Rule 3.1.
Poly Minimum Width, you’ll see that a DRC error will occur if you draw a shape on the Poly layer that is
less than 0.25um in width. As you can also see, there are rules that govern all of the layers in the design

kit.

- Once you look at the rules, click “OK” to go back to the “Setup DRC” dialog and check the “Pop up
message box” so that you can see the results of the rule checking.
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Part 3: Create your layout for the CMOS inverter

Let’s create a CMOS inverter with Ln=Lp=0.25um, Wn=2.5um, Wp=5um. This will match the inverter
that you created in the second example in this tutorial and will allow us to perform an LVS check.

NMOS

The process that we are using is N-well CMOS. This means that the blank screen you see a p-type silicon
substrate. We explicitly draw active regions on the screen to open up the field-oxide to insert diffusion
regions. This means you can think of the screen as p-type silicon with FOX everywhere on it to begin
with. In order to create the NMOS structure, we use three layers:

N-Select - This layer tell where the field-oxide should be opened up for the active regions.
An N-select rectangle must be slightly larger than the shape defining where the
implants go.

Active - This tell the process where to implant the n-type ions (P or As). Remember that

we want to implant into the Poly to reduce its resistance. The “Width” of the
N-Select dictates the width of the transistor (Wn)

Poly - This specifies the gate of the device. Under the poly will be thin oxide forming
MOS structure. The “Length” of the Poly dictates the length of transistor (Ln).

Display Notes

- You can setup the default units to use (micron vs. lambda) in the upper corner of the screen. If you are
getting confusing measurements, make sure that this box is in the units you want.

- You can setup the grid display and snap using the “Setup — Design” menu and “Grid” tab. Doing this on
the fly sometimes helps you draw faster.

Entry Notes:
- You enter a rectangle by first selecting the layer and then clicking on the square icon.

- You can enter rulers in your design to measure your rectangles as they are entered. You can set the
display options of the ruler on the “Setup — Design” menu on the “Drawing” tab.

a) Create the NMOS Structure
- Enter an N-select rectangle that is 2.75um x 3um
- Enter an Active rectangle that is 2.25um x 2.5um (Whn) centered within the N-select

- Create a Poly rectangle that is 0.25um (Ln) x 3.5um centered within the Active.

Your design should look like this:
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b) Run DRC to make sure your dimensions are not violating any design rules

- Click on the DRC button in the upper left corner of the screen (little green play arrow). If

everything checks out, you should a pop up that says it passed DRC.
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c)

d)

Enter the Body Diffusion point for the NMOS

- In order to enter a body contact, we need to tell the tool that we are going to create a p+
diffusion region. We do this using the active and P-select layers. We again use the Active

layer to represent that ion implantation will be needed. Put a substrate diffusion region next to

your NMOS as follows using P-Select and Active:
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Enter the contact windows for the NMQOS

- we do this using the Active Contact layer. We want to put as many as possible without
violating DRC.
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9)

Enter Metal 1 to connect the Source and Body of the NMOS together. Also add metal from
this connection down to a VSS rail (named later). Put Metall over the Drain contact to
connect to later.
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Assign a net label to the VSS rail.
- Click on the “Switch to Drawing Ports” icon (it looks like a little square next to an “A”).
- Now that you are in the Port naming mode, click on the VSS rail and a dialog will appear.

- Enter “VSS” for the Port name
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Look at the cross-section of the NMOS to ensure everything is correct.
- Using the pull down menus, perform:

- Tools — Cross Section

26



- You will first need to provide the Generic 0.25um process definition file (*.xst). Browse to
“.\Generic_025_Kit\Generic_025.xst”

- You will then need to specify where you want to take the cross-section. Click the “Pick”
button and then click on one of the upper active contacts:

- Click “OK”
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- Perform another DRC to ensure everything is OK
PMOS

A PMOS device is made in a similar manner as the NMOS except that we need to specify the N-well and
use P-select instead of N-select. Enter a PMOST as follows:

a) Enter the PMOS N-well, P-select, Active, Poly, Active Contact, and Metal 1 as follows:
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b) Take a cross-section to verify everything is OK

You should clearly see the N-well used to create the PMOS substrate.

c) Label the top rail “vDD”

Connecting the Inverter

Metal and Poly are connected together by simply drawing rectangles that are adjacent to or overlap
another rectangle of the same type (i.e., M1 to M1, Poly to Poly).

a) Connect the inverter together as shown in the following figure:

- Connect the gates together using Poly and then route the signal up to Metal 1 using a
Poly Contact

- Connect the drains together using Metal 1
- Label the input Metal 1 “IN”

- Label the output Metal 1 “OUT”
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Perform a Final DRC on the Design

DRC Completion Report

DRC job for Celld is complete.
99 rules in 1 set were checked,
0 warnings were detected.

0 errors were found.

Activate view of this cell

Show summary report
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Extract a SPICE Netlist of your Layout

Using the pull down menus, perform:

- Tools — Extract

You will need to provide an extraction file for this process (*.ext)
- Browse to “.\Generic_025_Kit\Generic_025.ext”

You will want to provide a SPICE output file. Browse to your design directory for this example
and provide the name “Inverter_Post_Layout.spc”

- you will want to check the boxes:

- General: Label all devices
- General: Open SPICE output file after opening
- Output: delete the “include SpecialDevices.md” line in the SPICE include statement box

- Click “Run”
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Notice that the extraction tool found two transistors (PMOS and NMOS) with the sizes that we
intended.
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Using LVS (Layout versus Schematic Checking Tool)

We always want to ensure that the layout we have created is what we intended in the schematic. LVS will
compare the Netlist exported from S-edit and the Netlist exported from L-edit.

Start the LVS Tool using the Start Menu:

- Start — All Programs — Tanner EDA — Tanner Tools v12.6 — LVS v12.6
Using the pull down menus in the LVS tool, perform:

- File — New

- Select “LVS Setup”

- Inthe dialog that appears, browse to the Netlist you exported from S-edit for your Inverter
(Inverter.spc)

- Inthe dialog that appears, browse to the Netlist you exported from L-edit for your Inverter
(Inverter_Post_Layout.spc)

Setupl == =R
Input Cutput Device Parameters | Merge Devices | Parasitics I Options I Peformance
2
Netlists =

Layout netlist: T-Spice » | 04_INV_Transiert_Part 1\NVERTER spc  |Browse... || Edit
Schematic netlist:| T-Spice | {_Layout_Part1%Inverer_Post_Layoutspc  |Browse.. || Edi

Optional input files

[T Prematch file: T

[T Blement description file: Browse

- Click the “Run Verification” icon (little creen arrow) to perform LVS.

- If everything matches, you will see a report window that says “Circuits are equal” in red. If it
does NOT match, you will be given a report showing what is wrong.
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Netlists

Layout netlst:  (T-Spice | D4_INV_Transient_Par T\NVERTER spd

Schematic netlst: T-Spice | {_Layout_Part1\Inverter_Post_Layout spy

Optionsl inpu fles

rematch file:

...\Tanner_Projects\HW04_INV_Transient_Part1UNVERTEF  parsed and Flattened
... \HWO7_INV_Layout_Parti\inverter_Post Layoutspc  Parsed and Flattened

lemert description file:

[

Result: Circuits are equal. 0 error(s), 4warning(s)

Overal process

75% done
80% done
85% done
90% done
95% done
100% done

FINAL RESULT

Circuits are equal
Fun time: 0:00 (min sec)

0 errors, 4 warnings

Line 77
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