
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, I 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. Use ofDMGR 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.
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Tutorial format

This tutorial dealswith theprocessof enteringandsimulatinga design.It is structuredasa sequenceof goals.Each
goal is achievedby executinga combinationof actions.Goalsprecedetheactionsneededto achieve thatgoal. The
actionswhich fulfill a goalareindentedunderthegoal.

Text formattingis usedto distinguishamonggoals, instructions,comments, and“commands” issuedto thesoftware.

While you areworking with this tutorial, make noteof importantstepsandprocedures,asyou will needto do these
thingsrepeatedlyduringthecourseof thisclass.Highlightingor underliningtext maybeuseful.

2 DesignEntry

Setup envir onmentvariables for MGC.

1. Log into oneof theSolarisworkstationsin Wilkinson.

Wedon’t coverhowto dothishere; if youdon’t knowhow, asktheTA. It is alsopossibleto run thetoolsremotely
froma PCusinganX serverunderwindows,or Linux (seetheappendix).

2. Startashellby clicking theterminal-shapediconat thebottomof thescreenwith theleft mousebutton(LMB).

3. Sourcethementorenvironmentvariablesrequiredto run thetool by typing

source /vol/ece303/mgc.env

at theprompt.

If you don’t do this successfully, all betsare off. Be sure to commentout left-over Mentor stuff from your
variousdot-files,elsethis environmentscript is designedto fail until youcleanup. You canaddthe“ source
/vol/ece303/mgc.env” commandto your .cshrc file if youdon’t wantto typeit everytimeyoulog in.

4. Create(if necessary)a subdirectoryfor yourmentorfilesby typing

mkdir ˜/MGC
mkdir ˜/MGC/ece303

in theshell.

Play with the DesignManager

1. Type“dmgr”.

Noticethetranscriptthat is written to your xtermwindow. This is a usefulplaceto look to seewhatthetool is
doingasyouperformcommands.Also,keepaneyeout for errors in thiswindow.

2. Find thewindow with a cyan(light blue)border.

ThedefaultDesignManager windowis composedof threesub-windows,twoof which are insidethethird. Only
onewindowis activeat anygiventimeandtheactivewindowis outlinedin cyan.Inactivewindowsareoutlined
in gray.
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3. Find theFile Navigatorwindow

Thewindowin themiddleis calledtheNavigatorwindowandis usedto browsethefile system.Thedirectory
beingdisplayedis shownin theNavigatorwindow’s title bar. It shouldalwayscontain’.../MGC/ right afteryou
start dmgr. Confusingly, theareacontainingiconson thefar right (knownasthePalette)is labeledNavigator
at the top. This is theNavigatorPalette. Try not to confusethis with theNavigatorwindow, which hasa path
namein its title bar.

4. Find theToolswindow Thewindowon theleft is theToolswindowandcanbeusedto invoke Mentortoolsby
doubleclicking theLMB on theappropriateicon.

5. Pressandhold theLMB overMGC, nearthetop left cornerof theDesignManagerwindow.

6. While continuingto presstheLMB, slidethemousedown until theentry“Setup” is drawn with aboxaroundit.

7. While continuingto presstheLMB, slidethemouseto theright andthendown until “Session”is drawn with a
boxaroundit.

8. Let goof themousebutton.

You have just selecteda cascademenu. Throughoutthe tutorial, you will seestatementslike “ Edit � -
Change � Name”. This meanshold down the LMB on the “ Edit” menu,move the mousedown to the
“ Change” item,movethemouseto theright until a sub-menupopsup, movethemouseto the“ Name” item,
andreleasethebutton.

9. Hit theESCkey. In all MGCapplications,youcancancela commandthatyouhavenotyetcompletelyentered
byhitting ESC.Alternately, mostdialog boxesandpromptbars like theoneshownhavea Cancelbutton.

Examinepop up menus.

1. ActivatetheNavigatorwindow by clicking in its title bar.

2. Pressandhold theright mousebutton(RMB).

Thisbringsup a popup menu.Thetop line of thepopup menuidentifiesits type. Onceyouhavepoppedup a
menu,menuoperation is identicalto thatof a pull downmenu.

3. Movethemouseoutsideall menusandreleasethebutton.

If themouseis notpointingwithin themenuwhenyoureleasethebutton,nothinghappens.

Throughoutthetutorial,you will seestatementslike “NAVIGATOR
� Edit� copy”. This meansthatyou should

activatethe Navigator window, pressthe RMB, go to the Edit item, move the mouseright until a sub-menu
appears,go to Copy, andreleasetheRMB.

Becomefamiliar with the Navigator

Thenavigatoris thenormalmethodfor startingapplications.Moreover, manyapplicationspopupanavigatorwindow
to helpyouselectfilesto open.

1. Activatethefile Navigatorwindow

2. Pressthebuttonwith four arrowson it.

3. Enter“ /vol/ece303/MGC ” into thewhiteboxandpresstheOK button.

Thefour arrow buttonallowsyouto movedirectly to a directoryby typinga path insteadof havingto usethe
upanddownarrows.
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4. PresstheLMB on the“xor”.

Thisis calledselecting. Fromhereonout,wewill usethephraseselectto indicateyoushouldpresstheLMB on
theappropriateobject.Thisappliesto all MGC tools,windows,anddialog boxes.TheLMB is by far themost
usedmousebutton,sonowon, if nobuttonis specified,usetheLMB.

5. Pressthedown arrow icon in theNavigatorwindow. Now, presstheuparrow icon.

Thismovesyouinto theselecteddirectory.

6. Selectthe“xor”.

7. Doubleclick on the“xor” folder.

Doubleclickingona folder is equivalentto pressingthedownarrow icon.

8. Presstheuparrow

Thisis equivalentto the“ cd ..” commandin Unix, andis theoppositeof thedownarrow.

9. Pressthedown arrow.

At thebottomof theNavigatorwindow, youseefour buttonswith arrows.Thedownbutton,whenpushed,goes
into theselectedsubdirectory. Theupbuttongoesto theparentdirectory. Thebuttonwith four arrowson it can
beusedto go to anydirectoryyoutypein. Theright arrow icon canbeusedto examineall filesreferredto by
theselectedobject(don’t worry aboutthis for now).

We’ll providea few moreexamplesof howto usetheNavigator. After that,we’ll simplysay, “Select...usingthe
Navigator,” andleavethedetailsup to you.

10. ClosetheToolswindow.

Useyourexperiencewith otherwindowmanagers to figureouthow.

Copy the XOR example.

1. “WI NDOWS
� Open Navigator ”

Remember, thismeanspresstheRMBin the“Windows” menu,movethemouseuntil the“ Open Navigator”
entry is highlightedand thenreleasethe button. Notethat we did not go downinto the sub-menuof “ Open
Navigator”.

Notethat what you get on the RMB pop-upmenusis dependenton where the pointer is. To get the session
pop-up,thepointermustover thegraybackgroundandnotoveranactivewindow.

Themainwindow/context of dmgris called’Session’,notDesignManager. Mentoris a little inconsistenthere.

2. Pressthefour-arrow button.Alsocalledthedirectorybutton.

3. Enter“ /vol/ece303/MGC ”

4. Selectthe“xor” folder.

5. “NAVI GAT OR
� Edit � Copy”

6. Putthemouseover thewhiteareafollowing theword “Destination”.

Fieldsare selectedby moving thecursor over themandclicking theLMB. Whena field is active, it is outlined
in red.

7. Enter“ ˜/MGC/ece303 ”.
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8. Pressthe“Options ” button.

A dialog boxis poppedup. If our windowis toosmall,youwon’t beableto seethewholething. Youcaneither
make the main X11 windowbigger or you can usethe Page Up and Page Down keys. There are no “ page
left” and“ page right” functions,but moving themousewill causetheboxto scroll.

9. Select“Entire Object ” under“Copy Mode” (thisshouldbethedefault). Usethedefaultsfor theothermodes
too.

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

11. PressEnterkey for promptbar.

Youcanusuallyhit Enterinsteadof pressingOK.Wecall thisaction“Acceptingthedialog box”. Thiscopywill
takesometimeto complete. Whenit is done, it will displayan informationalcommentat thebottomof thedmgr
graphicwindowto thateffect.

Designthe XOR gate.

1. Activatethe“$HOME/MGC/ece303” Navigatorwindow.

If youlost it, youcanalwaysnavigateback to yourdirectoryusingthe4-wayarrowbutton.

2. “NAVI GAT OR
� Update Window”.

3. Closethe“ /vol/ece303/MGC ” “Navigator” window

Skipthisstepif youhavenosuch windowto close.

4. Selectthe“xor” component.

ThisopenstheXORschematic.

5. “NAVI GAT OR
� Open� design arch. ”

Youwill geta warningstatingthatthesheethasnotbeencheckedsuccessfully. Anytimeyouopenanapplication
fromdmgr, two windowswill appear: a text windowanda graphicwindow. Mostcommandsyouenterin the
graphicwindowshowastext in thetext window. Error andstatusmessagesgo to thetext windowandthemost
recentmessage is alsodisplayedat thebottomof thegraphicwindow. Thetext windowmaybeclosed,but it is
recommendedthat youkeepit to view anyerror messages. It canalsobeiconifiedto get it out of theway. The
DesignManager doesnothavea separatetext window;it usesthewindowyoustartedit from.

6. Pressthemaximizebuttonfor theschematicwindow.

Thiswill eventuallybethetop level design,onceall themissingpiecesare filled in. All thedatayoucopiedis
partially completeandwill not startout lookingexactlylike thefigures.
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7. TypeShift-F8

Thisis a View All command.At thebottomof thescreen,you’ll noticea mapof thefunctionkeys.Theseprovide
shortcutsto manycommands.

8. PresstheRMB in oneof thescrollbarsof theschematicwindow andselect“View Area ”.

9. DragtheLMB in theschematicwindow to createa rectangle.

Your viewpointchangesto thespecifiedrectangle.

10. Zoomout to view theentireschematic.

11. You caniconify theXOR schematicby clicking thewindow widgetwith a smallsquarein it. You canbring it
backlaterby clicking on theresultingicon.

12. Restoreit.

13. View All.

In general, if youmake a mistake, youcanundoit by usingthe“ Undo” option in themenu.Usually, the last
threechangesare remembered. However, somecommandsdestroy theundostack. If youmake a mistake from
hereonout,wewill assumeyouwill undoit andtry again.

14. Find theschematicpalettein thecenteron theright.

15. Makesureyou’re in the“Add/Route ” menuat thetop.

Thereare four menutitlesat thetop in red.Theactiveoneis highlighted.

16. Presstheright arrow onthescrollbarat thebottomof theschematicwindow.

17. “Libraries � MGCDigital Libraries � Display Libraries Palette. ”

18. Select“gen lib ”.

SelectLibrariesfromthemenubar, not theschematicpalette.

19. Pointthemousein the“gen lib ” paletteandusethePageUp andPageDown keys until “portout ” shows in
thepalette.

Youcanalsohit “ PAL ET T E
� Show Scroll Bars” anddrag thebar with theLMB if youthink it wouldbe

faster.

20. Click onportoutandmovethemousebackinto theschematicwindow.

21. Placetheshadow portsothatthecenterof the’+’ is on theendof theoutputnet.

22. “PAL ET T E
� Back. ”

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

23. “PAL ET T E
� Display Schematic Palette. ”

Youcanusethiscommandsoyoudon’t haveto useBack throughmanylayersof library menus.

24. Pointin theschematicwindow andpressthe“F2” key.

Look at the functionkey map. “F2” executesthe command“Unselect All” in the activewindow. Objectsin
whitedashedlinesare selected.Manycommandslike “Copy” and“Mo ve” act on thecurrentselection.In the
upperleft handcornerunderthemainmenubar is thelabel “Sel”, a number, andpossiblya “+”. Thenumber
is thenumberof currentlyselectedobjects.The“+” indicatesthatselectinganotherobjectwill addto thesetof
selectedobjects.If there is no “+”, selectinganobjectwill unselecteverythingandthenselectthenew object.

25. Pointat theNET text andpresstheF1key.
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26. If thetext did notselectbut somethingelsedid, press“F2” andtry againuntil thetext aloneis selected.

In general, mostselectioncommands(for example, just selectingwith theLMB in theschematicwindow)will
not selectpropertytext such asa netnameor transistorlengthsandwidths. F1 is an exception;it executesa
“SelectAnything” command.

27. “SCHEMAT I C
� Change Values ”.

Noticethatwhenyouhit theRMB,a menutitled “Pr operty/Text” appeared.Theschematicwindowopensmenus
dependingonwhatyouhaveselected.

28. Pointat theword “NET” in the“New Value”field.

29. Click, backspacethreetimes,type“C”, andhit Enter.

30. Press“F2”.

31. Hold theRMB.

Noticean “Add” menuappearswhennothingis selected.

32. View All.

33. “Libraries � MGCDigital Libraries � Display Libraries Palette. ”

Selectlibrariesfromthemenubar, not theschematicpalette.

34. Select“gen lib ”.

35. Pointthemousein the“gen lib” paletteandusethe“Page Up” and“Page Down” keys until “nand2” shows in
thepalette.

Youcanalsohit “ PAL ET T E
� Show Scroll Bars” anddrag thebar with theLMB if youthink it wouldbe

faster.

36. Click on “nand2 ” andmovethemousebackinto theschematicwindow.

37. Placeit soits two inputstouchthetwo wirescomingstraightoutof the“A” and“B” ports.

38. PresstheRMB in theschematicwindow andselectthe“Copy” menuentry.

39. Placethesecondgatesuchthattheupperpin is attachedto theupperwire in thesheet.

40. Placethethird NAND suchthatthelowerpin is attachedto thelowerwire.

41. Placethefinal NAND suchthattheoutputis attachedto theoutputwire.

42. Hit “ESC”.

Youcanuse“ Undo” fromwithin the“Copy” command.It undoesthelastplacementbut keepsyouin “Copy”.

43. “PAL ET T E
� Display Schematic Palette. ”

44. Press“Connect All ” in theschematicandroutemenu,if necessary.

Thistakesanywireswhich touch portsbut arenotelectricallyconnectedand“solders” them.

45. “View All ”.

46. If thegrid doesnotshow, makeyourwindow biggerand“View All ” again.

47. Pushthe“Add Wire ” button.

48. Pointthemouseat theoutputpin of theleftmostNAND gateandclick theLMB.
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49. Movethemouseto theright andclick theLMB.

50. Move themousestraightup until it is directly to theleft of thelower pin on thetopmostNAND gateandclick
theLMB.

51. Movethemouseto thepin anddoubleclick theLMB.

52. Moveto thetoppin of thelowestNAND gateandclick theLMB.

53. Moveto theleft until undertheleft gate’soutputandclick theLMB.

54. Move straightup until the mousepointsat the placewherethe outputof the previous net turnsupward and
doubleclick theLMB.

55. Wire up thefinal two netsin asimilarmanner.

It is notconsideredgoodstyleto usediagonalnets.

56. Hit “ESC” to endthe“Add Wire” command.

Youmayneedto press“ Connect All” in theschematicandroutemenuagain.

Check the schematic

1. “Check � Sheet ”.

There shouldbeno errors or warnings. All schematicsheetsshouldbecheckedbefore they are saved.If you
savea schematicwithoutcheckingit, youwill getanerror if youtry to readit usingothertools.

2. Closethe“Report” window.

3. “Check � Schematic ”.

There shouldbeno errors. However, there maybe interfacewarnings.A schematiccanhavemultiplesheets.
Whenyoucheck a schematic,all sheetsare checkedandtheninter-sheetconnectivityis checked.

4. Closethe“Report” window.

5. “File � Save Sheet ”.

Createand checkthe symbol.

1. “Miscellaneous � Generate Symbol ”.

2. Choose“Yes” for “Replaceexisting” optionandpress“OK”.

Thesymbolsheetwill beopenedusinginputpins“A” and“B” andoutpin“C”.

3. “Check � With Defaults ”.

Therewill besomewarning.

4. Closethe“Report” window.

5. “File � Save Symbol ”.

Copyingan existingsymbolin this manneris oneof theeasiestmethodsof creatingnew symbols.Its verynice
for thingsthatarehard to drawcorrectly, i.e. symbolswith curvesin them.
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6. “Check � With Defaults ”.

Thereshouldbenowarnings.

7. Closethereportandsymbolsheets.

8. Gobackto theXOR schematicsheet.

9. “Check � Sheet ”.

Thereshouldbenoerror or warnings.

10. “Check � Schematic ”.

Thereshouldbenoerror or warnings.

11. “File � Save Sheet ”.

12. Closetheschematicsheet.

13. ClosetheDesignArchitectwindow.

Createa designviewpoint for digital simulation.

Now thatwehaveaschematicandsymbol,wewantto simulateit to makesureit is right beforecreatingothercircuits
thatuseit. In general,you alwayswant to testsmallblocksof your designin isolation. If you wait until you have a
largedesign,it will bedifficult to debug.

1. Bring theDesignManagerwindow to thetopof thedesktop.

2. SelectyourXOR component.

3. “NAVI GAT OR
� Open� DVE”.

Dveis theDesignViewpointEditor.

4. “Setup � (Quick)Sim, Fault, Path, and Grade ”.

Thissetsup thegenericinformationneededbyQuickSimII,thedigital simulator.

5. “Edit � Add � Primitive ”.

6. Enter“model ” in the“Name” field.

7. “File � Save Design Viewpoint � Save As”.

8. Enter“digital” in thedialogboxandacceptit.

You shouldget a message saying“Removedemptyviewpoint: default”. Dvecreatesa viewpointcalleddefault
if a nameisn’t specifiedwhenit is first created.Whenyousavedtheviewpointas“digital”, theemptydefault
wasdeleted.

9. “File � Close Design Viewpoint ”.

Thisclosesthedigital viewpointof theXORgatewejustcreatedfor QuickSimII.

10. CloseDVE.

Thisstepis optional,but recommended.Keepingall MGC applicationsopenat all timesmaycauseproblems
or mayslowdownyour work. You maynot wantto keeptoo manyunneededapplications(like dve)openwhen
not in use. It bogsdownyourmachine, andmore importantlyusesvaluablelicensesfor varioustools.
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Digitally simulate the XOR gate

1. If thexor folder in theFile Navigatorhasn’t beenopened,doubleclick it with theLMB.

2. Selectthe“Digital Viewpoint” objectin the“Navigator” window.

3. “NAVI GAT OR
� Open� QuickSimII ”.

4. “File � Check Design ”.

5. Select“SimulationChecks?Yes”and“ExpandMessages?Yes”.

6. Acceptthedialogbox.

There shouldnot beanywarningsor errors. It is a goodideato check your designeverytimeyoustart Quick-
SimII.

7. “Setup � Kernel ”.

8. Press“Visible ”.

9. Selectthe“Change” buttonnext to thephrase“Timing Mode”.

10. Select“Full Delays: Min ”.

11. Press“Hidden ” andacceptthedialogbox.

Thissetsthetimingmodeandshouldbedoneeach timeyoustart thesimulator.

12. “QUI CKSI M
� Open� Sheet ”.

13. Selecttheportobjectsfor “A”, “B”, and“C”.

Thisactuallyselectsthenetsthat theportsareattachedto.

14. “QUI CKSI M
� Add � Traces ”.

15. If necessary, expandtheTraceswindow sothatyoucanseeall threeof thevalues.

16. “QUI CKSI M
� Force � Clock ”.

17. Enterthefollowing informationandacceptthedialogbox:

Signalname: A
Period: 100n
Timesareabsolute
Forcetype: fixed

“A ” isn’t really a clock. In thiscontext, ’clock’ meansa periodicwaveform.

18. Bring up the“Stimulus” menufrom thepaletteon theright

19. Pressthe“Add Clock ” buttonto createa forcefor “B” with thesameinformationas“A” with theexceptionof
specifyinga periodof “50 n”.

20. With themousein any of theQuickSimIIwindows,type“ init 0r ” (zero–r, noto–r)andhit Enter.

You couldhaveexecutedthis commandfromthemenus,but youcanalsotypecommandsin directly. All menu
commandshavea form thatcanbetypedin. Which formyouuseis entirelyup to you.

21. With themousein any of theQuickSimIIwindows,type“ run 10” andhit Enter.

22. “QUI CKSI M
� Run � Reset ”.
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23. Choose“State”,unselect“Save resultsWaveformDB”, andacceptthedialogbox.

Thisresetsthesimulationtimeto zero. If youdon’t executethis,futurerun commandscontinuefromthecurrent
state. Force commandsare also relativeto the current time, so you will usuallywant to resetthe simulation
beforemodifyinga force.

24. With themousein any of theQuickSimIIwindows,type“init 0r” andhit Enter.

This initializes the simulator for a run. You needto executethe init commandevery time you are going to
usetherun commandandthecurrent timeis 0, i.e., on thefirst run commandor whenyouhavejust executed
“ Run � Reset � State”.

25. Type“ run 100” andhit Enter.

Thenumbergivento run is alwaysin nanoseconds.Don’t type“ run 100n”. Thesimulationshouldbecorrect
for anXORgate.

26. CloseQuickSimII,selectingthe“Withoutsaving” buttonfrom theexit dialogbox.

While it is oftenusefulto keepapplicationslike DesignArchitectandDesignManager openat all times,it is
not asusefulto keepthesimulators opensinceyoucan’t switch thecurrentdesign.Notethat thetext window
that dmgrcreatedfor QuickSimIIdid not go away. All applicationsstartedby dmgrrun this way. Thisallows
youto keepwindowscontainingerrors upafteranapplicationhasterminated.

27. ClosetheQuickSimII text window.

Youhavefinishedmostof thelab.

3 Deliverables

Thefollowing itemsshouldbeplaced in a single 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 file you would like to generate. To drop the file in your home directory, use "~/sheet1.ps".  �

�

Print in “Monochrome” mode instead of “Color” mode.
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Theprocessfor generatinga file for thesimulationtraceis similar. Onceyou openthe “Print” dialog for the trace,
selectthe“Export Graphic”button.

OnceyouhaveEPSfiles,youcanincludethemwithin otherdocuments.
You canalso convert the EPS files to to PDF files using the “ps2pdf ” command,
e.g., “ps2pdf sheet1.eps sheet1.pdf ”, and print them from Acrobat Reader (“acroread sheet1.pdf ”).
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