ECE303: AdvancedDigital Logic Design
Lab1 - MentorGraphicsTutorial

1 Introduction

This tutorial will introduce design simulation software from Mentor Graphics Corporation (MGC), running on Solaris
workstations in the Wilkinson Lab (Tech M338).

As you go through the tutorial, pay attention to how the steps you are carrying out can be generalized and used in
other ways. Part of your goal, here, is to design and simulate an exclusive or gate. However, the most important part
of your goal is to understand how to design and simulate an arbitrary circuit using the Mentor Graphics software suite.
Although it is possible to complete most tasks several different ways, diverging from the way given in the tutorial
may make it difficult for you to continue. Therefore, | recommend that you go through the lab once, following the
directions fairly closely. After you get things working, go back and try other alternatives, i.e., play with the software

to build an understanding of what it is capable of.

1.1 User interface

You need to know how to move, resize, iconify, and de-iconify X11 windows before you attempt this tutorial. You
may already be familiar with X11 from some of your previous classes: it is common to many Unix platforms. If you
have any minor questions, feel free to ask me, a TA, or other students. If you don’t have a working knowledge of X11,
get to Wilkinson soon and start practicing.

1.2 The Mentor Graphics Falcon Framework

The Mentor Graphics tools use Unix files and directories to represent schematics, simulations, and layouts. All of these
objects are logically linked together. Mentor provides a graphical tool called Design Manager for viewing, moving,
and copying design-related files while maintaining design integrity. UsevaR is not optional. You must always

use it when you want to move or copy designs. The use of native Unix commands is not supported and if you rename,
remove, or copy Mentor Graphics files using standard Unix commands, you may corrupt your design beyond recovery.

MGC applications are large and can take a significant amount of time to perform certain tasks. Sometimes it can
be hard to tell if the application is busy or waiting. You can determine if the application is busy by iconifying and
de-iconifying the graphic window. If the application is not busy, it will repaint the window immediately.

Occasionally, a MGC application will not respond to mouse clicks even though the tool is not doing anything. If this
happens, raise the window to the top of the desktop using the window manager.

Every time you open a new Mentor tool, such a simulator, viewpoint editor, schematic editor, etc., Mentor creates
a new terminal window along with the graphical tool window. When you close the tool, Mentor does not close the
terminal window. You should close this manually to conserve system resources and to keep your desktop clutter-free.



Tutorial format

This tutorial dealswith the processf enteringandsimulatinga design.lIt is structuredasa sequencef goals.Each
goalis achieved by executinga combinationof actions. Goalsprecedehe actionsneededo achieve thatgoal. The
actionswhichfulfill agoalareindentedunderthegoal.

Text formattingis usedto distinguishamonggoals instructionscommentsand“commands’ issuedto the software.

While you areworking with this tutorial, make noteof importantstepsandproceduresasyou will needto do these
thingsrepeatedhyduringthe courseof this class.Highlighting or underliningtext maybe useful.

2 DesignEntry

Setup environmentvariablesfor MGC.

1. Log into oneof the Solarisworkstationsn Wilkinson.

Wedon't coverhowto dothishere; if youdon't knowhow askthe TA. It is alsopossibleto run thetoolsremotely
froma PC usingan X serverunderwindowsor Linux (seetheappendix).

2. Startashellby clicking theterminal-shapedon atthe bottomof the screenwith theleft mousebutton (LMB).

3. Sourcethementorervironmentvariablesrequiredto run thetool by typing
source /vollece303/mgc.env

attheprompt.

If youdon't do this successfullyall betsare off. Be sure to commentut left-over Mentor stuf from your
variousdot-files,elsethis environmentscriptis designedo fail until youcleanup. You canaddthe“ sour ce
/vol / ece303/ ngc. env” commando your .cshi file if youdon't wantto typeit everytimeyoulog in.

4. Create(if necessarya subdirectoryfor your mentorfiles by typing

mkdir “/MGC
mkdir “/MGClece303

in theshell.
Play with the DesignManager

1. Type“dmgr”.
Noticethetranscriptthatis writtento your xtermwindow Thisis a usefulplaceto look to seewhatthetool is
doingasyouperformcommandsAlso, keepan eyeoutfor errorsin thiswindow

2. Findthewindow with a cyan(light blue)border

ThedefaultDesignManager windowis composeaf threesub-windowstwo of which areinsidethethird. Only
onewindowis activeat anygiventimeandtheactivewindowis outlinedin cyan. Inactivewindowsare outlined

in gray.



3. FindtheFile Navigatorwindow

Thewindowin themiddleis calledthe Navigatorwindowandis usedto browsethe file system.Thedirectory
beingdisplayeds shownin the Navigatorwindowsstitle bar. It shouldalwayscontain’.../MGC/right afteryou
startdmgr Confusinglythe areacontainingiconson the far right (knownasthe Palette)is labeledNavigator
at thetop. Thisis the NavigatorPalette Try notto confusehis with the Navigatorwindow which hasa path
namein its title bar.

4. Findthe Toolswindow Thewindowon theleft is the Toolswindowand can be usedto invoke Mentortools by
doubleclickingthe LMB ontheappropriateicon.

5. Pressandholdthe LMB over MGC, nearthetop left cornerof the DesignManagemwindow.
6. While continuingto presgheLMB, slidethemousedown until theentry“Setup”is dravn with aboxaroundit.

7. While continuingto presshe LMB, slidethemouseto theright andthendown until “Session”is dravn with a
boxaroundit.
8. Let go of themousebutton.

You havejust selecteda cascademenu. Throughoutthe tutorial, you will seestatementdike “Edi t —-
Change—Nane”. This meanshold down the LMB on the “Edi t” menu,move the mousedown to the
“Change” item,movethe mouseto theright until a sub-menwypopsup, movethe mouseo the* Nane” item,
andreleasehebutton.

9. Hit theESCkey. In all MGC applications youcancancela commandhatyouhavenotyetcompletelyenteed
by hitting ESC.Alternately mostdialog boxesand promptbars like the oneshownhavea Cancelbutton.

Examine pop up menus.

1. Activatethe Navigatorwindow by clicking in its title bar

2. Pressaandhold theright mousebutton (RMB).
Thisbringsup a popup menu.Thetop line of the pop up menuidentifiesits type Onceyouhavepoppedup a
menumenuopemtionis identicalto that of a pull downmenu.

3. Movethemouseoutsideall menusandreleasehebutton.
If themousds not pointingwithin the menuwhenyoureleasethe button,nothinghappens.

Throughouthetutorial, you will seestatementfike “NAVIGATOR—Edit—copy”. This meanghatyou should
activate the Navigator window, pressthe RMB, go to the Edit item, move the mouseright until a sub-menu
appearsgoto Copy, andreleasehe RMB.

Becomefamiliar with the Navigator

Thenavigatoris thenormalmethodor startingapplications.Moreover, manyapplicationgpopup a navigatorwindow
to helpyouselecffilesto open.

1. Activatethefile Navigatorwindow
2. Presghebuttonwith four arrovsonit.

3. Enter“/vollece303/MGC " into thewhite boxandpressthe OK button.

Thefour arrow button allows youto move directlyto a directoryby typing a path insteadof havingto usethe
up anddownarrows.



10.

. PresgsheLMB onthe“xor”.

Thisis calledselecting Fromhere on out, wewill usethe phraseselecto indicateyoushouldpressthe LMB on
theappropriateobject. Thisappliesto all MGC tools,windows,and dialog boxes.TheLMB is by far the most
usedmousebutton,sonowon, if no buttonis specifiedusethe LMB.

. Presghedown arraw iconin the Navigatorwindow. Now, pressheup arrow icon.

Thismovesyouinto the selectedlirectory

. Selectthe“xor”.

. Doubleclick onthe“xor” folder.

Doubleclicking ona folder is equivalento pressinghedownarrow icon.

. Presgheuparrow

Thisis equivalentothe“cd ..” commandn Unix, andis the oppositeof the downarrow.

. Presghedown arrow.

At the bottomof the Navigatorwindow youseefour buttonswith arrows. Thedownbutton,whenpushedgoes
into the selectedsubdiectory Theup buttongoesto the parentdirectory Thebuttonwith four arrowsonit can
be usedto go to anydirectoryyoutypein. Theright arrow icon canbe usedto examineall filesreferredto by
theselectedbject(don’t worry aboutthis for now).

We'll provide a few more exampleof howto usethe Navigator Afterthat, we’ll simplysay “Select...usingthe
Navigatof’ andleavethedetailsupto you.

Closethe Toolswindow.

Useyour experiencewith otherwindowmanayers to figure out how

Copy the XOR example.
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. “W NDOws—Open Navigator

RemembethismeangpresstheRMBin the“"Windows” menumovethemouseuntil the* Qpen Navi gat or”
entryis highlightedand thenreleasethe button. Notethat we did not go downinto the sub-menuwf “ Open
Navi gat or .

Notethat what you get on the RMB pop-upmenusis dependenbn wheee the pointeris. To get the session
pop-up.the pointermustoverthe gray badgroundandnot over an activewindow

Themainwindow/contgt of dmgris called’'Session’ not DesignManager. Mentoris a little inconsistenhere.

. Presghefour-arraon button. Alsocalledthedirectorybutton.
. Enter“/vollece303/MGC ”

. Selectthe“xor” folder.

. “NAVI GATOR—Edit —Copy”

. Putthemouseoverthewhite areafollowing theword “Destination”.

Fields are selectedby moving the cursor over themand clicking the LMB. Whena field is active it is outlined
in red.

. Enter*"/MGClece303 ".



8. Presghe“Options " button.

A dialog boxis poppedup. If our windowis too small,youwon't be ableto seethewholething. You caneither
male the main X11 windowbigger or you can usethe Page Up and Page Down keys. Thele are no “ page
| eft” and“page ri ght” functionsbut movingthemousewill causetheboxto scroll.

9. Select'Entire  Object " under“Copy Mode” (this shouldbethedefault). Usethe defaultsfor the othermodes
too.

10. Press'OK' in the“Copy ObjectOptions”dialogbox.

11. PressEnterkey for promptbar.

You canusuallyhit Enterinsteadof pressingOK. We call thisaction“Acceptingthedialog box”. Thiscopywill
take sometimeto complete Whenit is dong it will displayaninformationalcommentt the bottomof thedmgr
graphicwindowto that effect.

Designthe XOR gate.
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1. Activatethe“$HOME/MGC/ece303 Navigatorwindow.
If youlostit, youcanalwaysnavigatebad to your directoryusingthe 4-wayarrow button.

2. “NAVI GATOR—Update Window”.

3. Closethe*“/vollece303/MGC " “Navigator” window
Skipthis stepif youhaveno suc windowto close

4. Selectthe“xor” component.
Thisopensthe XORschematic.

5. “NAVI GATOR—Open—design _arch. ”

Youwill getawarningstatingthatthesheehasnotbeenchedkedsuccessfullyAnytimeyouopenanapplication
fromdmgr two windowswill appear: a text windowand a graphicwindow Mostcommandgou enterin the
graphicwindowshowastext in thetext window Error and statusmessgesgo to the text windowandthe most
recentmessge is alsodisplayedat the bottomof the graphicwindow Thetext windowmaybe closedbut it is
recommendethat you keepit to view anyerror messges. It canalsobeiconifiedto getit out of theway The
DesignManager doesnot havea sepaatetext window; it useshewindowyoustartedit from.

6. Presghe maximizebuttonfor the schematiavindow.

Thiswill eventuallybethetop level design,onceall the missingpiecesare filled in. All the datayou copiedis
partially completeandwill not start outlookingexactlylike thefigures.
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. Type Shift-F8

Thisis a View All commandAt thebottomof thescreen,you’ll noticea mapof thefunctionkeys. Theseprovide
shortcutto manycommands.

. Presgshe RMB in oneof thescroll barsof the schematiavindow andselect‘View Area”.

. DragtheLMB in the schematiavindow to createa rectangle.

Your viewpointchangesto the specifiedrectangle
Zoomoutto view theentireschematic.

You caniconify the XOR schematidy clicking the window widgetwith a smallsquarein it. You canbring it
backlaterby clicking ontheresultingicon.

Restorat.

View All.

In geneal, if youmale a mistale, youcanundoit by usingthe“ Undo” optionin the menu.Usually, the last
threechangesare remembexd. However, somecommandslestoy theundostad. If youmale a mistale from
here on out, wewill assume/ouwill undoit andtry again.

Findthe schematigalettein thecenteron theright.

Make sureyou’rein the“Add/Route " menuatthetop.
Thete are four mentitles at thetopin red. Theactiveoneis highlighted.

Presgheright arrov onthescroll baratthe bottomof the schematiavindow.

“Libraries —MGCDigital ~ Libraries —Display Libraries Palette.

Select‘gen_lib .

SelectLibrariesfromthe menubar, notthe schematicpalette

Pointthemousein the“gen_lib " paletteandusethe PageUp andPageDown keys until “portout " showsin
thepalette.

Youcanalsohit* PALETTE—Show Scrol | Bars” anddrag thebar with theLMB if youthinkit wouldbe
faster

Click on portoutandmove the mousebackinto the schematiavindow.

Placetheshadav portsothatthe centerof the’+’ is onthe endof the outputnet.

“PALETTE—Back. ”

“Selecting  entries  moves you into libraries. Back moves you out.

“PALETTE—Display Schematic Palette. ”
You canusethis commandoyoudon't haveto useBad throughmanylayers of library menus.

Pointin the schematiavindow andpresshe“F2” key.

Look at the functionkey map. “F2” executeghe command'Unselect All” in the activewindow Obijectsin
whitedashedinesare selected Manycommanddike “Copy” and“Move” actonthecurrentselection.In the
upperleft handcornerunderthemainmenubar is thelabel “Sel”, a numberandpossiblya“+”. Thenumber
is thenumberof currentlyselectedbjects.The“+” indicatesthatselectinganotherobjectwill addto thesetof
selectedbjects.If thereis no“+”, selectingan objectwill unseleceverythingandthenselectthe new object.

Pointatthe NET text andpressthe F1 key.
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. If thetext did not selectbut somethingelsedid, press‘F2” andtry againuntil thetext aloneis selected.

In generl, mostselectioncommandgfor example just selectingwith the LMB in the schematicwindow)will
not selectpropertytext suc asa netnameor transistorlengthsandwidths. F1 is an exception;it executesa
“SelectAnything” command.

“SCHEMATI c—Change Values ".

Noticethatwhenyouhit theRMB,a menutitled “Pr operty/Ext” appeaed. Theschematiovindowopenganenus
dependingpn whatyouhaveselected.

Pointattheword “NET” in the“New Value”field.
Click, backspacé¢hreetimes,type“C’, andhit Enter
Press’F2”".

Hold the RMB.
Noticean“Add” menuappeaswhennothingis selected.

View All.

“Libraries —MGCDigital ~ Libraries —Display Libraries Palette. "

Selectibrariesfromthe menubar, notthe schematicpalette

Select‘gen_lib .

Pointthe mousein the“gen.lib” paletteandusethe“Page Up’ and“Page Dowr" keys until “nand2” shawvsin

thepalette.

Youcanalsohit* PALETTE—Show Scrol | Bars” anddrag thebar with theLMB if youthinkit wouldbe
faster

Click on*“nand2” andmove the mousebackinto the schematiavindow.

Placeit soits two inputstouchthetwo wirescomingstraightout of the“A” and“B” ports.

PresgsheRMB in theschematiavindow andselectthe“Copy” menuentry.

Placethe secondyatesuchthatthe upperpin is attachedo the upperwire in the sheet.

Placethethird NAND suchthatthelower pin is attachedo the lower wire.

Placethefinal NAND suchthatthe outputis attachedo the outputwire.

Hit “ESC..

You canuse* Undo” fromwithin the“Copy” commandIt undoeghelast placemenbut keepsyouin “Copy”.

“PALETTE—Display Schematic Palette.

Press'Connect  All " in theschemati@androutemenu,if necessary
Thistakesanywireswhich touch portsbut are not electricallyconnecte@nd“solders” them.

“View All ".
If thegrid doesnot shav, make yourwindow biggerand“View All ” again.
Pushthe®“Add Wire " button.

Pointthe mouseat the outputpin of theleftmostNAND gateandclick the LMB.
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Move the mouseto theright andclick the LMB.

Move the mousestraightup until it is directly to the left of thelower pin on thetopmostNAND gateandclick
theLMB.

Move the mouseto the pin anddoubleclick the LMB.
Moveto thetop pin of thelowestNAND gateandclick the LMB.
Moveto theleft until underthe left gates outputandclick the LMB.

Move straightup until the mousepoints at the placewherethe outputof the previous net turns upward and
doubleclick the LMB.

Wire up thefinal two netsin a similar manner
It is notconsideedgoodstyleto usediagonalnets.

Hit “ESC' to endthe*Add Wire” command.
You mayneedto press‘ Connect Al | ” in theschematicandroutemenuagain.

Checkthe schematic

. “Check — Schematic

. “Check —Sheet ".

Thete shouldbe no errors or warnings. All schematicsheetshouldbe cheded before they are saved.If you
savea schematicwithoutchedingit, youwill getan error if youtry to readit usingothertools.

. Closethe“Report” window.

Thete shouldbe no errors. However, there maybe interfacewarnings. A schematiccan havemultiple sheets.
Whenyouchedk a schematic all sheetsare chekedandtheninter-sheettonnectivityis cheded.

. Closethe“Report” window.

. “File —Save Sheet ".

Createand checkthe symbol.

“Miscellaneous —Generate  Symbol .

Choosé'Yes” for “Replaceexisting” optionandpress‘OK.
Thesymbolsheewill beopenedisinginputpins“A” and“B” andoutpin“C”.

“Check—»With Defaults .
There will besomewarning

. Closethe“Report” window.

“File —Save Symbol”.

Copyingan existing symbolin this manneris one of the easiesmethodf creatingnewn symbols lts verynice
for thingsthat are hard to draw correctly, i.e. symbolswith curvesin them.
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“Check—»With Defaults .
Thee shouldbe nowarnings.

Closethereportandsymbolsheets.
Gobackto the XOR schematisheet.

“Check —Sheet ".
Thee shouldbeno error or warnings.

“Check —Schematic ”

Thete shouldbeno error or warnings.
“File —Save Sheet ".
Closetheschematisheet.

Closethe DesignArchitectwindow.

Createa designviewpoint for digital simulation.

Now thatwe have aschemati@andsymbol,we wantto simulateit to make sureit is right beforecreatingothercircuits
thatuseit. In generalyou alwayswantto testsmallblocksof your designin isolation. If you wait until you have a
largedesign,it will bedifficult to detug.
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10.

. Bring the DesignManagemwindow to thetop of the desktop.
. Selectyour XOR component.

. “NAVI GATOR—Open—DVE.
Dveis the DesignViewpointEditor.

. “Setup —(Quick)Sim,  Fault, Path, and Grade”.
Thissetsup the genericinformationneededy QuickSimll, thedigital simulator

. “Edit —Add—Primitive "
. Enter“model " in the“Name” field.
. “File —Save Design Viewpoint —Save As”.

. Enter“digital” in thedialogbox andaccepft.

You shouldget a messge saying“Removedemptyviewpoint: default”. Dve createsa viewpointcalleddefault
if a nameisn't specifiedvhenit is first created. Whenyou savedthe viewpointas “digital”, the emptydefault
wasdeleted.

. “File —Close Design Viewpoint
Thiscloseghedigital viewpointof the XORgatewejust createdfor QuickSimil.

CloseDVE.

This stepis optional, but recommendedeepingall MGC applicationsopenat all timesmay causeproblems
or mayslowdownyour work. You maynotwantto keeptoo manyunneededpplications(like dve)openwhen
notin use It bogsdownyour madine, and more importantlyusesvaluablelicensedor varioustools.



Digitally simulatethe XOR gate
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. If thexor folderin the File Navigatorhasnt beenopeneddoubleclick it with the LMB.
. Selectthe“Digital Viewpoint” objectin the“Navigator” window.

. “NAVI GATOR—Open—QuickSimll "

. “File  —Check Design ".

. Select'SimulationChecks?yes” and“ExpandMessagesYes”.

. Acceptthedialogbox.

Thete shouldnot be anywarningsor errors. It is a goodideato ched your designeverytime youstart Quick-
Simil.

. “Setup —Kernel .

. Press'Visible .

. Selectthe“Change” buttonnext to the phraséTiming Mode”.
Select'Full Delays:  Min”.

Press'Hidden ” andaccepthedialogbox.
Thissetsthetiming modeand shouldbe doneead timeyoustart the simulator

“QuUI cKksI M—Open—Sheet ".

Selectthe port objectsfor “A”, “B”, and“C".
Thisactuallyselectghe netsthatthe portsare attachedto.

“QUI CKSI M—Add—Traces .
If necessaryexpandthe Traceswindow sothatyou canseeall threeof the values.
“QUI cKsI M—Force —Clock ”.

Enterthefollowing informationandaccepthe dialogbox:

Signalname: A
Period: 100n
Timesareabsolute
Forcetype: fixed

“A” isn't really a clock. In this context, 'clock’ meansa periodicwaveform.
Bring up the“Stimulus” menufrom the paletteon theright

Presghe“Add Clock " buttonto createaforcefor “B” with the sameinformationas“A” with the exceptionof
specifyinga periodof “50 n”.

With themousein ary of the QuickSimllwindows, type“init ~ 0r” (zero—t noto—r) andhit Enter

You could haveexecutedhis commandromthe menusjput you canalsotypecommandsn directly All menu
commandéavea formthat canbetypedin. Which formyouuseis entirely up to you.

With themousein ary of the QuickSimllwindows, type“run 10" andhit Enter

“QUI CKSI M—Run—Reset .
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23. Choosé'State”, unselect Save resultswaveformDB”, andaccepthe dialogbox.

Thisresetghesimulationtimeto zeo. If youdon't executethis, future run commandsgontinuefromthe current
state Force commandsre also relativeto the currenttime, so youwill usuallywantto resetthe simulation
before modifyinga force

24. With themousein ary of the QuickSimllwindows, type“init Or” andhit Entet

This initializes the simulatorfor a run. You needto executethe init commandevery time you are going to
usethe run commandandthe currenttimeis 0, i.e., on thefirst run commandr whenyou havejust executed
“Run—Reset —»St at e”.

25. Type“run 100" andhit Enter

Thenumbergivento runis alwaysin nanosecondDon’t type“r un 100n”. Thesimulationshouldbecorrect
for an XORgate

26. CloseQuickSimll, selectinghe“Without saving” buttonfrom the exit dialogbox.

Whileit is oftenusefulto keepapplicationslike DesignArchitectand DesignManager openat all times, it is
not as usefulto keepthe simulatos opensinceyou can't switch the currentdesign. Notethat the text window
thatdmgr createdfor QuickSimlldid notgo away All applicationsstartedby dmgrrun thisway Thisallows
youto keepwindowscontainingerrors up after an applicationhasterminated.

27. Closethe QuickSimlltext window.

You havefinishedmostof thelab.

3 Deliverables
Thefollowing itemsshouldbe placed in asingle file and turned in electronically:

1. A sheetplot of your circuit. —

2. A simulation trace of your XOR circuit generated in the Tutorial. For this and future assignments, a plot of the
trace window (not the lists window) should be turned in.

A Printing to a file

To store the deliverables in PDF files, you can select "File->Export Graphics'. Select the EPS format, enter the pathname
of the fite you would like to generate. To drop the file in your home directory, use "~/sheet1.ps'.



The procesdor generatinga file for the simulationtraceis similar. Onceyou openthe “Print” dialog for the trace,
selectthe“Export Graphic”button.

Onceyou have EPSfiles, you canincludethemwithin otherdocuments.

You canalso convert the EPS files to to PDF files using tips2pdf ” command,
e.g., ‘ps2pdf sheetl.eps sheetl.pdf ", and print them from Acrobat Readera€toread sheetl.pdf  ”).

12



