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1 Introduction

The purpose of this lab tutorial is to guide you through the desigregsan creating a custom
IC layout for your CMOS inverter design. The layout represeraskenused in wafer fabs to
fabricate a die on a silicon wafer, which then eventually ar&agad to become integrated
circuit chips.

Upon completion of this tutorial, you should be able to:

Create a mask layout of the CMOS inverter that you have designed earlier

Check that your layout satisfies the design rules of a 0.25 micron process technology
Check that your layout passes the automatic verification aghmisinverter schematic
created earlier

Extract a netlist including parasitic resistances and capacitaoogeshe layout

Simulate the netlist using HSPICE or Nanosim, and compare gegulschematic
simulations done earlier

The format of this tutorial is not providing step by step instruction to completeyting la
design and verification but it contains enough explanations to help you to finish the basic
design work.

For the evaluation, you need to generate DRC/LVS error free layoutvert er and
| nvert er Test design and do the layout simulation successfully. When you do the
layout simulation, use the input signal pattern that you used in the schematicisimulat

2 Online Documentation

Please refer to the online documentation should you require additional information.

To access the online documentation, tgpeéd i c5141doc in aterminal window.

In the online documentation, more detailed information can be found undéirtilheso
Layout Editorproduct. UndeManuals there isVirtuoso Layout Editor User Guiddat
you may find helpful.

3 Virtuoso Layout Editing

To start up theV/irtuoso Layout Editgrentergri d | ayout Pl us in a UNIX window
prompt (note the uppercasi”. You can also usecf b instead ol ayout Pl us. The
Main difference is that layoutPlus doesn’t provide the simulation functionality.

When theCIW appears, seleéiile -> New -> Cellview Similarly, you can use the Library
Manager to create new cellviews. In the new window that appsstispbrary Nameto
tutorial and type ini nverter as theCell Name In the View Namefield, type in



| ayout and press theab key. TheToolfield should change tdirtuosa Click OK to
continue.
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3.1 Setting up the Environment

Before you start doing your layout, you need to setup the grid sittee aellview so that each
grid will correspond to a dimension that will make the layout proeasgr and allow for a more
compact design.

* To set up the display environment, sel@gitions -> Display. The Display Optionwindow
will appear. In the window, chandédinor Spacingto 0. 03 andMajor Spacingto 0. 30.
Change bottX Snap SpacingndY Snap Spacing 0. 075.

* Check the optio®i n Nanes.

* Leave other settings at their default setting. However, taketimatéhose options will allow
you to change the display of the cellview if need arisesasBlerefer to the online
documentation if you need further information.

* The settings can be saved and loaded back usirgate ToandLoad From buttons at the
bottom of the window. You can choose to save or load settings to ¢ieheeltview, library
of the cellview, technology of the cellview, or a specified filgiou are saving to a file, the
settings from both theayout Editor Optionsand Display Optionswindows will be saved.
Click OK when done.
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e Back in the layout window, sele@ptions -> Layout Editor. The Layout Editor Option
window will appear. Options here allow you to change the editingr@mds of the editor
and change how the cursor behaves.

* In the Layout Editor Optionwindow, uncheck thé&ravity Onbox. This will prevent the
cursor from being “attracted” to other objects already drawthe cellview. Experiment on
your own. If you feel that you are comfortable with this functioriiroat it useful in certain
situations, you can turn it on. Cli€kK when done.

3.2 Layer Selection Window (LSW)

TheLayer Selection Windo{(.SW lets you to choose the layer on which you create objects
(called the entry layer). It also controls which layers are seleaabisible.

* To change the LSW to make layers selectable or visible, nm@veursor over the layer
and click using the middle button. It will toggle layer visibilapd also automatically
sets invisible layers to be unselectable. The text layer didappears to show the layer
is invisible. The layer name turns gray to show the layer is not selectable.

¥ Layout Editor Options =10 =|
oK Cancel | Defaults| Apply Help
Editor Controls Gravity Controls
B Repeat Commands Gravity On

Display Reference Point

all
M futo Set Reference Foint | | 1YPes M none

B Recursion Check M centerline Wl edge
Maintain Connections H midpoint W vertex
H Ahut Server N end H nexus
H pin
Half Width Check  Off Aperture |02 |pepth  |E
Conic Sides el Bounce X | & Bounce ¥ | &
File o/ cdseny Browse...
Save To Load From

* Every time after you have selected the layer, s&léaotlow -> Redraw to see the effect
of anyLSWchanges that you have made. This will allow you to make several changes in
the LSW before taking time to redraw the cellview, especially in complegrdes



To make the layers visible, click on tiAe/ (All Visible) button. The colored squares
showing the layer color reappear, and the shading on the layer name disappears.

Use the left mouse button to select layers for entry i.8\& The abbreviationlg after
each layer name meadsawing (pn meansin).

3.3 Creating Shapes and Objects

Most of the layers that you will draw will be rectangles or polygons that arkenesr in shape.
The sizes of the objects depend on the design and the design rules.

3.3.1

3.3.2

Creating Rectangles

To create rectangles, select a layer (for exanmpétall/ drwy from theLSW then select
Create -> Rectangleor click the Rectangleicon on the left. In the new window that
appears, type the net name you want the rectangle to be asswaagiateétou can choose
to leave it blank and name the net later. Shortkey for creating rectangles is *

Note that assigning names to the nets aid in the future layodicaton processes.
However, ensure that the net names on the layout matches the dhessithematic,
otherwise the LVS program (refer to section 4.3) will fail to match the nets.

Point and click on the first corner of the rectangle, then point to the opposite corner of the
rectangle (follow the prompt in the layout window a@idV).

Creating Polygons

Another way of creating objects is to create polygons. Salkgter from thd.SW then
selectCreate -> Polygonor click thePolygonicon on the left. In the new window that
appears, type the net name you want the polygon to be associdite¥ou can choose
to leave it blank and name the net later. Seap Moddo orthogonal The snap mode
controls the way segments snap to the drawing grid as you tnegtelygon by placing
its vertices.

Point and click on the first point of the polygon. TG&N will prompt for the second
point of the polygon. Move the cursor to click on a second point. The laydat edli
create a solid line parallel to either the Y-axis or the X-axis.

Continue to click on a third point that is orthogonal to the solid line.laymut editor

will create two solid lines at right angles to each othéwéen the points you entered.
You will also see two dashed lines at right angles to each attaehed to the two points

you entered. The dashed lines show how the layout editor would finish the polygon if you
click twice on this point you entered.

If you made a mistake in one of the points while creating the polygangcan hit the
Backspace keyto undo them in order.



3.3.3 Creating Pins

In order to perform layout verification after the layout is caetgad, pins must be created
to match the schematic.

To create pins, sele@reate -> Pin In the window that appears, change khede to
shape pinA new window name@reate Shape Piwill replace the previous window.

Enter the pin net name in tAerminal Namesield. Make sure that the names exactly
match the schematic (case sensitive). If you are not sure thlgonaémes of the pin nets,
open the schematic and check the net properties.

Turn on theDisplay Pin Nameption if you would like the pin names to be displayed on
the layout cellview. Click th®isplay Pin Name Optionbutton to change the display
properties of the pin names (size, font, direction etc.).

Select thd/O Typeaccordingly. For power and ground pins, seiegtitOutput

Select the layer in theSW(use the layer that has thetabbreviatiof and draw the pin
in the cellview by clicking on one corner of the pin, followed by the second corner.

If you have chosen to display the pin name in the cellviewr sis have placed the
second corner of the pin, the pin name will appear next to cursore keavcursor to
where you want the pin name placed and click.

3.4 Selecting Objects for Edit

3.4.1 Selection modes

To edit an object, first you need to select it. There are tlectsen modes: full and partial. Press
theF4 key to toggle between selection modes and the mode is displatfexistatus banner of
the layout window (top).

In full selection mode (default), you select the entire objdwtnnit is clicked. When in
full mode, the status banner will display:

(F) Select: O

In partial selection mode, you can select the entire objeaisbrefdge or corner of an
object. When in partial mode, the status banner will display:

(P) Select: O

3.4.2 Selecting objects

To select an object, set the selection mode and click the object.

To deselect all objects, click in an empty part of the design.



* To select one or several objects at a time, presSithét key while selecting.

» To deselect one or several objects after they have beereselaass th€t r|1  key and
select.

3.5 Editing Objects

There are several functions that are commonly used to edit objeetg.include: move, copy,
delete, stretch and merge. Should you require more advanced ettingds, please refer to the
Editing Objectssection in thé/irtuoso Layout Editor User Guide

3.5.1 Moving Objects

 To move an object, change to full selection mode and select the shjdbtfice that
when you move the cursor within the selected object, the pointer chianiges arrows.
This indicates that the object(s) can be moved by clicking and dragging.

» Alternatively, you can choose to selédtit -> Move from the drop down menu or use the
Moveicon on the left. ThéMovewindow appears. After you have selected the object(s),
the CIW will prompt you for a reference point (start point) for the movieckCon the
reference point for the move, and drag the pointer to the destinationfuenbdbject will
be moved with respect to the reference point.

* Note that in theMovewindow, there is &hange To Layeoption. This will allow you to
move and change the object from one layer to another without haviregr@aar the
object. Check the box to enable tBbange To Layefunction and move the object as
usual.

* You can rotate or flip the object (sideways or upside down) b¥ificthe Rotate,
SidewaysandUpside Downbuttons in theVlovewindow before placing the object. You
can also do the same by using the right click on the mouseyafiehave selected the
reference point for the move. Shortkey for move functiomis °

3.5.2 Copying Objects

* To copy an object, seleéidit -> Copy or use theCopyicon after you have selected the
object(s). After theeopywindow appears, select the object(s) to be copied CTtAéwill
prompt you for a reference point (start point) for the copy. Clickhenreference point
for the copy, and drag the pointer to the destination point. The otjebe copied with
respect to the reference point. Shortkey for copy functiagi.is °

* To copy and paste multiple copies of the object, type in the numbepias in either the
Rowsor Columnsfields and place the objects in the cellview as usual.

* To copy and paste an array of copied objects, enter both rows and colima@$w will
prompt you to place the first object of the array. After you haseegal the first object,



continue to place the second column of the array. The distance betveefrstt object
and the second will determine the spacing and orientation betweenest of the
columns. After you have placed the columns, click to place the rowsechrray and
complete the array. Similarly, the distance between the dinsk second rows will
determine the spacing and orientation between the rest of the rows.

* Note that in theCopywindow, there is £&hange To Layeoption. This will allow you to
copy and change the object from one layer to another without havingdtaw the
object. Check the box to enable tBbhange To Layefunction and copy the object as
usual.

* You can rotate or flip the object (sideways or upside down) b¥iticthe Rotate,
SidewaysandUpside Downbuttons in theCopywindow before placing the object. You
can also do the same by using the right click on the mouseyafiehave selected the
reference point for the move.

3.5.3 Deleting Objects

» To delete an object, change to full selection mode and select the object(®)E8kle
Deleteor press th®el et e key.

3.5.4 Stretching Objects

» To stretch an object, switch to partial selection mode and select the glgedgscorners
and edges. Notice that when you move the cursor within the estlebject, the pointer
changes to an arrow pointing to a line. This indicates that thet(#)jean be stretched at
the corners or edges by clicking and dragging.

» Alternatively, you can choose to selé&adit -> Stretch from the drop down menu or use
the Stretchicon on the left. Thé&tretchwindow appears. Leave th@ck Anglesoption
on unless you need to form nonorthogonal shapes. After you haveeddleetedge(s) to
be stretched, th€IW will prompt you for a reference point (start point) for the slkretc
Click on the reference point for the stretch, and drag the pamtée destination point.
The object will be stretched with respect to the reference .pSimirtkey for stretch
functionis s'.

3.5.5 Merging Objects

* You can use the merge function to merge two objects of the same layer. To merge
objects, select the objects to be merged, then dedkict> Merge.

3.6 Saving the Design

» To save the design, seldatsign -> Saver click theSaveicon on the left.



4 Inverter Layout : Design Rules & Mask layers

The pictures in this section present an inverter layout veryasita the one you are about to
create. The only significant difference should be the transigtiths. The inverter you create
should have transistor widths matching the values you determined imltutorPlease go
through all the pictures and gather the information as a whole.

This layout is in the style of standard cells used for automasegplent and routing of random
logic. This does not, however, mean that this style of layout is badi$tom layout. It has some
very useful features. In particular,

» Itis designed so that multiple instances of the cell can be dedheegether by abutment
(i.e., placed immediately to the left and right of each othdre gower, ground, input,
and output connections line up and will be connected. Of course, you matoviiatie

the input and output not line up so that you can have the power and ground connections

connect up without necessarily connecting the input and output together.

* The layout lends itself to a left to right signal flow in thetal layer (used for the input
and output) as well as vertical signal flow for short distances in polysilicon.

» If other types of logic cells have the same layout spacitgdas power and ground,
then cells of various types can be chained together easily.

* The final layout should look like as in the below figure.

" ¥irtuoso@ Layout Editing: tutorial inverter layout I [l
® 1.275 ¥: 7.350 (F) Select: 0 DRD: OFF X dy: Dist: Cmd: 2

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate NCSU Help
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4.1 Design Rules

» Design rules are a set of rules (usually supplied by the naotga) that specify a
minimum size or spacing requirememistween layers of the same type or of different
types. This provides a safety margin for various process variatomsure that your
design will still have reasonable performance after your circuit iscizied.

* Note that the technology file you specified in the first tutorial defineddlsegn rules that
will be used to check your design. It also defines how the drawyeyd are translated
into masks for the IC. The design rule file usediigsaDRC. r ul . The file can be found
in the/ package/ eda/ cel | s/ ncsu-cdk-1.5.1/1 ocal /techfil e directory.

uoso® Layout Editing: tutorial inverter layout -0 ﬂ
X 0.975 ¥: 3975 (F) Select: 0 DRD: OFF (i dy: Dist: Cmd: P
Tools Design Window Create Edit Verify Connectivity Options Routing Migrate HNCSU Help

Bulk ~__Pin (vddY)
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(substrate) Sl pin (gnd1)
contact for Ll ' .
NMOS
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4.2 Mask Layers

4.2.1

The mask layers are the various layers shown in the above diagthare used to define
the location and size of the devices and nets. Each layer dagabed as an individual
layer meaning that two different layers have no electricahection between them even
though they happen to overlap. The layers are typically in differelors and shading
(displayed in the Layer Selection Window) and are defined bditlsgl ay. drf file.
The file can be found in thepackage/ eda/ cel | s/ ncsu-cdk-1.5. 1/ ocal /
cdsset up/ directory.

Diffusion Areas for Source, Drain, and Substrate Contacts

Rectangles on thactive layer are used to define the region where doping is to be applied
(except under the polysilicon gate) to form the source and draschfteansistor. For an
NMOS transistor, the doping will be n+. For a PMOS transistordibyisng will be p+. It

will be shown later how the type of doping is actually specified.

Yirtuoso® Layout Editing: tutorial inverter layout -0 ﬂ
¥: 0.975 ¥: 3.975 (F) Select: 0 DRD: OFF dx: dy": Dist: Cmd: 2z
Tools Design Window Create Edit Verify Connectivity Options Routing Migrate HCSU Help
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* Rectangles on thpoly layer are used to define the strips of polysilicon used to form the
gate of each transistor and to provide short distance connections metagsstors in
the inverter.

* The intersection of aactive andpoly region defines the channel of a transistor. Since the
minimum size ofactive is 0.4%1and poly is 0.3Qu, this means that the minimum
transistor width must be 0.4%&nd the minimum length must be 0.30

* Note that in some cases, it may not be possible to draactwve area as a simple
rectangle. The area may have to be one width at the sourceaamdo accommodate the
required clearance around source and drain contacts. It then mayortseaatched to
obtain the necessary transistor width for the intersectionpeith

:5553;5'5:\I'irtuosm§l Layout Editing: tutorial inverter layout ;IEIEI
X -9.075 ¥: 8.475 (F) Select: 0 DRD: OFF dx: dy': Dist: Cnd: 2
Tools Design Window Create Edit Verify Connectivity Options Routing Migrate NCSU Help

- metall +':;)on + pin (In)

mouse L hi§ F:

* The active layer is also used to define regions that must be doped to allowka
(substrate or well) contact. In p-substrate, the doping must be p+ ltymn N-well
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(where PMOS transistors are placed), the doping must be n+ type.tiNotthere are
square active layers in the above inverter layout example to form the bulk contacts.

* Rectangles on tha-selectand p-selectlayers are used to control the type of dopant

applied to each diffusion area. Note that these areas must @dsinthe diffusion area
(active) by at least 0.26.

4.2.2 N-well Regions

*  PMOS transistors must be located in substrate with N type dopimegsubstrate for the
PMOS transistors is formed by diffusing N type dopant into regadrtee normally p-
type substrate. Rectangles in thwell layer define these regions in which PMOS
transistors can be placed.

:555:.'_555:VirtuosolﬁEﬁl Layout Editing: tutorial inverter layout - 10l =l
X:-3.600 ¥: 6.150 (F) Select: 0 DRD: OFF dx: dy: Dist: Cmd: 2

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate NCSU Help

mouse L: H: R:

>
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4.2.3

4.2.4

Contacts

0.30Qu x 0.3Qusquares drawn on theontact (cc) layer will cause metal plugs to be
placed into contact with the diffusion areas to form source, drain, dsdrate or well
contacts.

0.30u x 0.3Qu squares drawn on theontact layer will cause metal plugs to be placed
into contact with thg@oly areas to form poly contacts.

Metal placed on layanetall will connect with these contacts.
Metal Power Ground and Signal Routing Layers

Rectangles on theetall layer define regions of aluminum to be placed in the first metal
layer. In this casenetallis used for all inputs and outputs to the inverter.

A 0.30ux 0.3Qusquare orcontact provides a metal plug to connect routing on layer
metallto polysilicon routing below on theoly layer.

In the 0.241 TSMC process, there are several other metal layers aai(aigtal2,
metal3 and so on). We are not going to use it in this layout since it ineetded.
However, in larger more complex layouts, both layers will be reeQ#en it is a wise
practice to route all signals horizontally on one layer and vertically on anayleer

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate MCSU Help

_n-active

Pin(vdd!)

contact
n-select vy et
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* To connect thenetall layer to themetal2 layer, a square owvia is used. To connect the
metal2 layer to themetal3 layer, a square ovia2 is used.

* You can connect other metal layers together using the appsopsia layers. For
example, to connect theetal2 layer to themetal3layer, a square ovia23is used.

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate NCSU Help

:Pin:(ghd!:)

p-select contact

5 Layout Verification

After you have completed the layout, you need to perform severdication procedures to
ensure that the layout does not violate any design rules and ctaefiyacorrespond with the
schematic design that you have made earlier.

5.1 Design Rule Check (DRC)

* DRC checks your layout against physical design rules defined idithhaDRC. r ul
file. It will display error information if it finds any paih the layout that violates the
design rules. Note that this is only a physical design check anchdbeerify the actual
performance or functionality of the layout design. The file canfdend in the
| package/ eda/ cel | s/ ncsu-cdk-1.5. 1/1ocal /techfil e directory.

16



 To run DRC, selecterify -> DRC from the drop down menu. Check that fReles file
and theRules libraryfields are correct in thBRCwindow. Click OK to start.

_|0] x|
oK Cancel | Defaults| Apply Help
Checking Method 4 flat hierarchical hier wfo optimization
Checking Limit & Tull incremental by area
Coordinate Sel by Cursor
Switch Hames Set Switches

Run-Specific Command File

Inclusion Limit 100g, Limit Rule Errors 0
Join Hets With Same Hame Limit Run Errors o
Echo Commands |

Rules File divaDRE. rul]

Rules Library B | TechLib tsmc03

Machine # local . remote Machine |

Use Error Database

lgnore Missing Cell Masters

» If there are any errors, it will be reported in BRV. A blinking polygon, called an error
marker, appears in the cellview at the location of the error.

* To view the errors and get a brief description of the errorcts¥kerify->Markers -»
Explain and click on any error marker. The marker will be highlighted allow to
indicate that it is selected. A window namathrker textwill appear that contains
information about the cellview that contains the error and the rule that was violated.

* To quit theExplaincommand, press tlesc key.

* To remove the markers, selattrify -> Markers -> Delete All. TheDelete All Markers
window appears. ClicOK to remove the markers.

» If any errors are reported, make changes to the layout and reRGnuitil all errors
have been fixed.

17



* For large complex designs, it is possible to run an incremeRR@l. Dhis means that the
system will keep track of any changes you made since shéDRC and it will check
only the changes made. This will make DRC run faster ase# dot have to re-check
every part of the design.

* To turn on incremental DRC, set t@decking Limito incrementain theDRCwindow.

* ltis also possible to run a DRC on a specific area. To do #tisheChecking Limitto
areain the DRCwindow, and click on th&el by Cursorbutton. Select the area on the
cellview that you want a DRC to be performed on by clicking onfitee point of the
rectangle followed by the second point. The coordinates of the points will be entered.

5.2 Connectivity Extraction

Before performing a Layout Versus Schematic (LVS) check, yed teextract the connectivity

form the layout cellview by running the Extract program. Thedextprogram uses rules defined
in the technology file to recognize devices and establish eaicttonnections or nets. It will

create an extracted cellview that shows the nets.

* To run the Extract program, sel&atrify -> Extract .

+ In the Extractorwindow, selecflat as theExtract Method A flat extract method is used
because parasitic capacitance values can vary betweerenliffastances of the same
cell, thus each cell must be extracted.

* Turn onJoin Nets With Same Namehis will merge nets with the same names while
suppressing warning messages about different nets that have the same name.

» To select the types of parasitics that are to be extradtekl the Set Switchesoutton in
the Extractor window. In the Set Switchesvindow that appears, select the type of
parasitics that are to be extracted (typically paras#émacitances). ClickK when done
selecting.

» Click OK or Apply in theExtractorwindow to create the extracted views.
* The extraction rules appear in ti&dW as the extract program executes. When the
extraction is complete, a message saying that the extraetlibw is saved will be

shown.

* To view the extracted cellview, seldate -> Openfrom theCIW. It should be under the
same library and cell name. Select ¢éix¢ractedview name and clicloK.

* The extracted cellview appears on top of the layout cellview.cBldhat the extracted
cellview is similar to the layout, but the gates now have syndttotsie end. Displayed
next to the symbols are the gate width and length.
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oK | Cancel |Defaults| Apply | Help|

Extract Method 4 flat . macro cell . full hier . - incremental hier

View Hames Extracted | extracted Excell |=xcell
Switch Hames l Set Switches

Run-Specific Command File | |

Inclusion Limit 1000 Limit Rule Erors | | O

Join Hets VWith Same Hame | Limit Run Errors | |0
Echo Commands n

Rules File |diV3EKT- rul;

Rules Library ] |'_TechLi]:u_t3m|:EI3:

Machine #local . remote  Machine

Use Error Database ] |

lgnore Missing Cell Masters |

Set Switches{Ctrl+mouse for multiple o =] b

Cancel Help

Extract parasitic_caps

Keep labels in extracted wiew

Layer convert [nplactive to active
Layer_convert_active_to [nplactiwve
Layer_create_nselect_around_nactive
Layer create pselect_around pactiwve
Layer_create_select around field poly

Use_old moscap_ extraction

» To display the electrical connections, open Ehgplay Optionsvindow and selediets
Click Apply when done.
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» The corresponding extracted cellviews with/without the swiichr act _parasitic
_caps are both show in the figures below.

tuoso® Layout Editing: tutorial inverter extracted i m| 1]
1 -0.975 ¥: 10,575 {F) Select: 0 DRD: OFF dx: dy: Dist: cmd: 4

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate HCSU Help

/ mouse L: H: R:

3

5.3 Layout versus Schematic (LVS) Check
As its name implies, the LVS program performs a compari$adheoschematic to the physical

layout. It will use both the extracted view and the schemadw af the layout. If you did not
create an extracted view, LVS will not work.

5.3.1 Running LVS
e Torun LVS, selecYerify -> LVS.

* If aLVS Form Contents Differemtindow appears, clicOK to continue.
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tuoso® Layout Editing: tutorial inverter analog_estracted 10 >
¥: 7.875 ¥: 10.575 {F) Select: 0 DRD: OFF X dY: Dist: Cmid: 5

Tools

/ mouse Lo : e

Design Window Create Edit Verify Conneclivity Options Routing Migrate NCSU Help

>

In the LVSwindow, fill in the schematicand extractedfields either with theBrowse or
Sel by Cursorbutton. If you choose to use tBel by Cursorbutton, click on the button,
then simply click in any area of the schematic or extracted cellwviedow.

Note that if both the schematic and extracted cellview aenexp before the VS
window, the fields should already be filled automatically. Checkrtsure that they are
correct.

Make sure that the specifid@ules Fileis di vaLVS. rul and theRules Libraryis
NCSU_TechLi b_t snc03.

Turn off theCorrespondence Fileption. The purpose of the correspondence file is to
allow the user to identify schematic/layout nodes that should be mappezth other.
Mainly you would do this if LVS has trouble matching the schemeatid layout on its
own.
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Commands Help b

Run Directory |LVd Browse
Create Metlist W schematic B extracted

Library tutorial; tutorial;

Call inverter inverted

View schematic extracted

Browse | Sel by Cursor | Browse | Sel by Cursor
Rules File dival¥s. rul Browse

Rules Library [ (NCSU TechLib tsmc03

LVS Options Bl Rewiring Device Fixing
Create Cross Reference M Terminals
Correspondence File ome mindacovk/lvs_corr file  Create
Switch Hames
Priority | O Run background
Run Output Error Display Monitor Info
Backannotate Parasitic Probhe Build Analog Build Mixed

Click Run to start LVS. When th8ave Cellviewvindow appears, clicOK to save. The
LVS job runs in the background and might take a couple of minutes to e®mnpl
depending on the complexity of the design. When the job is finished|ag diox named
Analysis Job Succeedadll appear. Note that this only means that the LVS program was
executed successfully and does not mean that the layout matches theischemat

To view the LVS results, cliclOutput in the LVSwindow. A text window listing the
output from the LVS run appears. Scroll down until the section that cemfize layout
and schematic is displayed. In that section, it will report wingtieetwo designs match
and provide a list of the numbers of instances and nets. If LVSesgthat the layout
matches the schematic, it will report:

The net-lists nmatch
Otherwise, it would report:
The net-lists failed to match

If the layout fails to match the schematic, the errors on the layout must betewrre
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5.3.2 Displaying the Errors
* Make sure that the extracted cellview is opened before you continue.
» To display the errors, click tHerror Display button at the bottom of tHevSwindow.
* IntheLVS Error Displaywindow that appears, click tharst button in theDisplayfield.
The error message will be displayed below Ehgplayfield. In addition, the geometries
in the extracted layout that do not match anything in the schemitte highlighted in

a color specified in thError Color field.

“{ Artist LVS Error Display —

OK | Cancel| Explain | Clear Display | Probe Form Help

Display First Hext Prev Last Al

- Cycle Colors Auto-Zoom
Error Color

Unmatched Il nets W instances W parameters Wl tenminals

al
Pruned H nets W instances
Hone 100

Merged N nets Het Display Limit

* You can check th&uto Zoonoption to zoom to the error. To clear the markers, click on
theClear Display button in theLVS Error Displaywindow.

* If the layout matches the schematic, a netlist can be &drfrom the layout to examine
the performance of the design. Otherwise, errors on the layout lmeusbrrected,
followed by a DRC run on the corrected layout, a re-extractidgheofayout and a LVS
run. Repeat until the final layout matches the schematic.

5.3.3 Probing the Schematic and Layout

If the layout fails to match the schematic, probing can be used to aid in findingahé\Nete
that this is just a tool to aid in the troubleshooting process and does not autonlateadyor
fix the errors.

» To probe a design, click thi&robe Form button in theLVS Error Displaywindow.

* Make sure that the schematic cellview is opened before you continue (fopwbsgy).
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* In the Probing window that appears, chang§eobing Methodto cross probe matching
and click on theAdd Dev button.

“+{ Probing =10l x|
Ok Cancel | Defaults | Apply Help
Prohing Method single wio parasitics single probe all single probe unmatched

single probe matched 4 cross probe matched

Auddd Dev Addd Het Add Hets for Dev Auddd Devs for Het Show Probe Info

Remove Dev Remove Het Remove Hets for Dev Remove Devs for Het Remowve All

Explain # on CIW/ on text window

* Point to a device in either the extracted or schematic cellvibe corresponding device
or net that LVS has compared with will be highlighted in the other cellview.

* A single probe can be performed in a similar fashion by selettigigrobing Methodo
single probe This is useful in locating the errors when given a device bname by
LVS.

* To remove the markers, click on tRemove Allbutton in theProbingwindow.
6 Layout Simulation

After you have verified that the layout matches the schensatiulations can be performed on
the extracted layout similar to the previous tutorial to detezniis performance. The main
difference between a schematic simulation and a layout diowia that in a layout simulation,

parasitic capacitances are extracted from the layout bas#te grhysical dimensions and are
used in the simulation. Therefore it will provide a more realistic simulation.

» To perform a simulation on the extracted layout, open uptiaéog Design Environment
window by selecting ools -> Analog Environment

* The extracted layout can be simulated using HSPICE by seftinthe simulator type,
type of simulation, simulation environment, input stimulus and output disglayar to
simulating the schematic. Refer to the previous tutorial for more informatio

» A netlist can be extracted from the extracted layout for Nanggnulations or HSPICE

simulations, similar to simulating the schematic. Refeh&pgrevious tutorial for more
information.
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7 Hierarchal Layout Editing

Circuit designs typically consist of multiple instances ofghme cell. An example would be the
InverterTesdesign that you have created in the previous tutorial. Instead/ioigh@a redraw the
same layout cellview multiple times in a higher level cellvigou can place completed layout
instances in the design, similar to schematic editing. Siniseeinsured that each of the cells
function correctly by means of LVS, DRC verification and HSPi@ENanosim simulation,
placing layout instances not only saves time in drawing tHs, éemeans that the only errors
that occur should result from connection errors.

* IntheVirtuoso Layout Editingvindow, selecCreate -> Instance

* In the Create Instancewvindow that appears, enter the library and cell names in the
corresponding fields.

* Move the cursor into the cellview window. Outline of the shapes ahstance follows
the cursor. Place the instance where needed.

* You can rotate or flip the instance (sideways or upside down)itking the Rotate,
Sidewaysand Upside Downbuttons in theCreate Instancevindow before placing the
instance.

* Pressth&sc key to quit placing more instances.

[ virtuosom Layout Editing: tutorial InverterTest layout -8 x|
X: 16.200 v: 4.500 (F) Select: 0 DRD: OFF dx: 3150 dv: 3.450 Dist: 46717 Cmd: 20

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate NCSU Help
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* You can see the layout of all the blocks by presSinift + F.

B ut Editing: tutorial InverterTest layout -8 x|
X - ¥: 10200 (F) Select: 0 DRD: OFF dx:-13.125 dv: 9.150 Dist: 15.9996  Cmd: 20

g

ks

Window Create Ecit Verify Conmectivity Options Routing Migrate NCSU Help

A=

oS

Sy =]

* You can go back to the block diagram view by pres€itig+ F.

« Note that the layout editor does not allow you to edit the cell. Hawéw®u edit one of
the cells at the lower level, the other cells of the santarios in the higher level will be
changed.

* Now click onEdit -> Hierarchy -> Flatten. Click OK. It will allow you to modify each
inverter layout individually.

* You can think of putting the inverters in a row-based way thataldlw you to use a
single VDD and GND line. It will also lead to lower area.

* Keep only one VDD and one GND pin.
 Connect the inverters according to theverterTest schematic. Remove the two
capacitances from thimverterTestschematic as we will not go for the layout of the

capacitances.

» The finished layout should look like as in the next figure.

26



b4, ¥irtuoso® Layout Editing: tutorial InverterTest layout _oj x|

X 26,830

Tools Design Window Creale Edit Verify Conneclivity Oplions Rouling Migrate HCSU Help

¥: -0.450 (P) Select: 0 DRD: OFF dX: 13.873 dY: -10.050 Dist: 17.1324 Cmd; 20

If you don’t want to flatten (which allows you to modify the insidiea cell) your
inverter cell, you need to remove the pins from iitmeerter cell and use that view as your
building block at the higher levels of the layout hierarchy. Thiseful forhierarchical
layout editing You can connect the g¥ and ground lines after you have placed your
modifiedinverter cells. Now, you can add the pins as required in your top-level diagram.
The corresponding diagrams are shown below.

Similar to what you have done for the single inverter, perform dbe&ule Check

(DRC), extract the connectivity, do the Layout vs. SchematicS{Lsheck, and at last
simulate your extracted layout to verify the expected functionality.
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rtuoso® Layout Editing: tutorial InverterTest layout _hierarchy
25425 ¥: 29.100 (F) Select: 0 DRD: OFF dx: -16.950

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate HCSU

dy: 14.250

=101x|

Dist:22.1442  Cmd: a5
Help

mouse L. M, R:
>
rtuoso® Layout Editing: tutorial InverterTest layout_hierarchy P[] S
: 29.775 ¥: 21.975 (F) Select: 0 DRD: OFF dx: -12.600 dy: 7.125 Dist: 14.4750 Cmad: A5
Help

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate MCSU

mouse L. M

>
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