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Project 4. Cadence Tools, part 2 (10%)

ENEE 359a: Digital VLSI Design, Spring 2007
Assigned: Thursday, April 12; Due: Tuesday, April 24

1. Purpose

The objectve of this project is toaimiliarize yourself with the dérent programs included in
Cadence, in particulane plysical layout part of/LSI design The Cadence suite is a huge collection
of programs for dierent CAD applications frori¥LSI design to high-leel DSP programming.
The suite is diided into diferent “packagesand forVLSI design, the packages we will be using
are the IC package and the DSMSE packagédl(tak about these as we go along).

Specifcs:After gaining experience with schematicdel transistor design of some basates, the
next step is to gin some @miliarization with hav these gtes are implemented during theypih

cal layout stage ofLSI design.You will be implementing the uerter NAND, NOR and MUX
gates in aTSMC 0.25um process using thWi@tuoso Layout toolAlong the vay, you will also
perform design rule checks (DRC), layoersus-schematic checksV§), parasitic etraction

and SPICE simulation tcevify the functionality of your gtes. Lastlysimilar to project tw, you

will be doing \erification of a pre-designed 10-bibdinacci counter circuit block.

2. Setup

1. The frst thing to do is to setup your directory structure properly so that you can use the required
libraries used for the desigmoW. Download the tw files enee359a Idis.tar and IIT_stdcells.tgz
from the Project2 Distriltion directory (on course website).

2. In the root of your home directqrgxtract IIT_stdcells.tagz. (First @ecute ‘gunzip
IIT_stdcells.tagz’ then untar it by doing ‘tar -xvf IIT_stdcells.tar’)

3. Create your wrking directory For the rest of this alkthrough, the assumed name of trerking
directory will be enee359a. Cypphe fle enee359a lés.tar to the enee359a directory and untar it
there. (A@in, do a ‘tar -xvf enee359alefs.tar’).

4. Change aypoccurrence of the string ‘USERNIE’ in the confjuration fie ‘cds.lib’into your user
name and then ga as ‘cds.lib’. One way to do this is to use the folling: ‘sed ‘s/USER-
NAME/your_username/gds.liborig > cds.lib’, where you replace “your_username” with your real
usernameThis uses the program sed and redirects its output tdetwl§.lib

3. Inverter design

1. The frst step is to create theyshical layout of our simplestde, the imerter Now, create a ‘layout’
view of your irverter To do this, in the Lib Manager windpclick on simple_cells and then the
‘inv’ cell, then go to File->Ne->Cellview. Change the tool from Compos&chematic t&/irtuoso.
TheView Name feld should automatically change from schematic to layout. Click onlrQis.
should open up at leastavwvindaw -- one titleavirtuoso Layout Editing and another titled LSW
Close ag other windaevs that may hae popped-up (mainly x¢ windows informing you whas nev
in this version of the tool).

2. Before continuing,dmiliarize yourself fist with the LSW windw. This windav shavs you a list of
layers that arevailable to you to drat shapes on. Most of these layersénplysical signifcance in
the sense that thelirectly control the pysical aspects of your layoutoFFexample, click on ‘metall
- dg’ (this is called a layegpurpose pair in Cadence. It includes a layer name and then the purpose of
that layerwhich in this case, is a dvang layer hence the abbvetion ‘dg’. Other purposes can be
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pin (‘pn’), net (‘nt’) and others,ui we will be focusing mostly on the aveng purpose)After click-

ing on ‘metall - dg’, go to theirtuoso Layout windw. Drawing ary shape on this wingdowill cre-

ate a shape on the metall-dg lajerdo this, go to Create->Rectangle (shortcut: ‘r’). Click on an
point in the screen to daé one corner of the rectangle, then click on another poimish fihe rect-
angle.You should ne be able to see a bluish rectangle. Measure the dimensions of this rectangle by
going toWindow->Create Ruler (shortcut: ‘k’). Use of the ruler should be straigh#fiatywand you
should be able to measure the height and width of the rectangle @ésil The labels shan by

the ruler are in microng)his rectangle you lve dravn represents a phical artifact in the metall

layer of the proces3his means that if you submit this design to a chip foyradrgetal strip in the
lowest level metal layer will be created with roughly the dimensionsweuieasured.

Now, try creating a 3um x 3um metall rectangle. Oag you could do this is to “stretch” the rect-
angle yowe already dnan. Go to Edit->Stretch (shortcut: ‘s’) then point the cursor near one edge
of your rectangle and click. By mmg the mouse, you can stretch the size of the rectanglg to an
size you vant. Use this in conjunction with the ruler tool tmgh the 3um x 3um rectangle. (Note: If
your ruler marlkrs start getting cluttered up, you can erase all the rulergeyoréated by going to
Window->ClearAll Rulers, shortcut: shift-K).

Notice from the LSW winde that our taget &abrication process (TSMC 0.25um) hagfinetal lay-
ers. Diferent processes va different number of layers, and as processes become more sophisti-
cated, the number of metal layers tend to increasevédtigé chip designers morexibility in

routing their more complicated desigiisy draving rectangles on the poly-dg, metal2-dg, metal3-
dg, metal4-dg and metal5-dg @nfiliarize yourself with the colors of each lay®milar to metall-
dg, shapes dven on these layers will directly correspond to ggital artibict when ébricated.

. Aside from the Create Rectangle commandediit other commandsist to drav shapes iVirtu-

0so Layout. One of the most useful of these is itk PBommand. Maksure that the poly-dg layer

is selected in the LSW windg then go to Create-3afh (shortcut: ‘p’). Click on anpoint to define

the frst point of the path. Mee the mouse to see thédegt. Click on a second point to dedia cor

ner for the path, then click on a third poif.finish the path, just press ‘Enteklso, if you male a
mistale in creating a point in the path, you can delete the last pointeydafned by pressing
‘Backspace’. By defult, the path command will create a path using the minimum possible width for
the layer you'e using. If you want to change this width, press ‘F#hile the path command is aai

and the Created®h windav should pop upr¥ou can change thele in theNidth field to change

the width, lut the more useful command in this wimds the “Changdo Layer” command. From

the pulldavn menu, change poly-dg to metall-dg. In the Layout wingou should nev see a rect-
angle at the edge of the path yeucreating. Click once, then click on another point to createva ne
segment then fiish the path by pressing ‘Enter’. Notice that while you started the path on the poly-
silicon layer the last sgments of the path arewmn the metall layerhis is called ‘path stitching’,
where Layout automatically creates cells called “vias” that are essentially holes in the layout that
connect one layer to anoth@xote: Right na, you may only be seeing a rectangle where the via
should beTo reveal the internal details of the via, press Shift-f andvertéack to the “black box”
representation, press Citrl-f).

Other commands that will be useful are the Edit-¥®shortcut: ‘m’) command, the Edit->Cpp
(shortcut: ‘c”), the Edit->Delete (shortcut: ‘del’) command and the Edit->Undo (shortcut: ‘u’) com-
mand.Also, Cadence uses a mode called Vgyd that snaps the cursor to adjacent objetlss is
sometimes useful,ub | find it better in general to turn itfoffo toggle the Gnaty mode, press ‘g’
once.You should see the result in the icfb wind®Now, delete gery shape youwe created, along

with ary rulers left in the design.

Let’'s naw proceed with the actual layout of theenter The final result should look similar to that of
Figurel. Drawing all the shapes on all the proper layers tonéedi single MOSFET is pretty

involved and will require a more detailexbéganation than what we carnvgihere. Brtunately we

can simply instantiate parameterized layouts of the MOSFETs we are going to use. Go to Create-
>|nstance (shortcut: ‘i")The Create Instance windcshould pop up. Click on the Buse lutton,

then locate the layout cellvieof the Cell ‘nmosin the NCSU_&chlib_tsmc03 libraryThe Create
Instance windw should nav shav you different parameters you caary for this nmos. Lik in the
schematic, we will be mostly interested in the width of the transistatirfigthe length to be the
minimum allavable). In this case, weanmt to create a minimum-sized NMOSFET so theudiébf
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Figure 1: Finished la yout of a minim um-siz ed inverter.
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450n should be perfect (notice the grayed-ald finforming you of the minimum aleable width).
Click on arywhere in the Layout windw to create one instance of the transjdteen deactiate the
Create Instance command by pressing ‘ESC'.

At this point, try inspecting the transistor yee'created. Notice that it tak the combination of a lot
of layers to completely defe a single NMOS, along with the connections necessary toaiceeid
it. For now, we will only be interested in these connections, spadli the polysilicon and metall
connections (the red and blue shapes resbgli

As an aside, not all shapes in the nmos cell directly correspongiscalartibicts whendbricated.
Instead, a combination of some of these shapes are usech®siefiething els@s an &ample,
the outermost green rectangle, (on the nselect-dg layer) will not proditb@égrwhen &bricated.
Instead, it is used to signify that this transistor is an NMOS, as opposed to a Poi@fs project,
it is not necessary taagh a complete understanding ofhall these layers ork, although it wauld
be useful later on.

The net step is to create a PMOSFEHIo the same thing you did for the nmas this time, look
for the ‘pmos’cell. In the Create Instance windachange th&Vidth field from 450n to 900n.
Again, we vant to mak the PMOS width twice that of the NMOS width to compensate for the
lower carrier mobility in the channel of the PMOSFET so that thevalgmt ON resistance of the
PMOS will be equal to that of the NMOS such that theiredsitrengths will be the same and will
result in roughly equal rise andliftimes of the output. Instantiate the PMOS\abtihe NMOS
you've createdWith the ruler and mee command, align the polysilicomigs (the red shapdlso
with the ruler and mee command, maksure that the tip of the polysilicoatgs are separated by
1.8u.

Now, the nat step is to create the wer and ground rails to which we will connect our transistors.
Using the Create rectangle tool,wra 0.9um x 3.6um metall rectangle that is 0.6wayarom the
metall shapes of the corresponding NMOS or PMOS trandsstter to the Figuré to see ha the
two supply rails should be placed.

The net step is to dna the shapes to connect the transistors properly to each other and to the supply
rails. First, use either the Create Rectangle or Creslet® connect the wvpolysilicon gtes

together (ma& sure that the poly-dg layer in the LSW windis actve). Next, use the Create Rect-
angle to connect the drains of the MOSFETSs together using a metall-dd.&stlr connect the

source of the PMOS to the upper supply rail and the source of the NMOS tavé¢hnesipply rail

(Note that a MOSFET is symmetric and either of its terminals can be used as a source Dnelrain.
distinction will depend on therfal connection. So for the PMOS, the terminal connected to vdd is
considered as the source and the other terminal as theTdraisame goes for the NMOS, substitut-

ing gnd for vdd as the supply rail to connect to)

Now, it should be emphasized that MOSFETSs are actuallytésorinal deices. In addition to the

gate, source and drain terminal, we also need to be concerned where the substrate of the transistor
connected. Most often, weant to connect the PMOS substrate (which is n-type) to the highlest v
age in the circuit (most often vdd), and the NMOS substrate (which is p-type) tovést loltage

(most often in CMOS circuits, gndlo do this, we need to instantiate additional cells to do the con-
nection. Press ‘ito bring up the Create Instance wingohen locate the symbolic cellvieof the

‘NTAP’ cell in the NCSU_échlib_tmcO03 libraryThese ‘NP’ cells are used to connect (or “tap”)

the n-type substrate underneatd two of these ‘N'AP’ cells on top of the PMOS cells theyvit

is shavn on Figurel. For the NMOS, locate the layout cellwieof the ‘ptap’cell in the
NCSU_echlib_tsmc03 libraryThese are used to tap the p-type substrate. Instant@ai these
underneath the NMOS as stoin Figurel. If you have placed eerything correctlythe laver edge

of the metal connection of the WP should coincide with theeer edge of the upper metall sup-

ply, and the upper edge of the metal connection of the ptap should coincide with the upper edge of
the laver metall supplyBefore proceeding, note that addition of theARTcauses the nwell-dg

layer (the green layer surrounding the PMOS) not to be a rectarygh®anThis is not a problem

with this isolated gte, lut we will want to place thisage adjacent to otheates gentually so we

want the abtment to be erreiree (to be discussed later in the DRC step)wDaa nwell-dg shape

to restore the rectangular shape of the n-well (refer to FiQure
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The net step is to preide easy access to the input and output terminals of tbetén The easiest
way to do this is to instantiate vias to the layers we are interested in. In this casmtwe access
the polysilicon through a metal2 layafong with the metall output connection of both transistors.
First, we need a via that connects the polysilicon to tkehgher layer (in this case, metall). Press
‘I to get the Create Instance wimdthen locate the symbolic cellweof the ‘M1_POLY” cell in

the NCSU_&chlib_tsmc03 library and add an instance near the polysiliceth&kvay it's shavn

in Figurel (Note that this via cell is the same cell that is automatically created when doing path
stitching between metall and polysilicove nav want to mak both the input and output terminals
available in metal2To do this, we need to add vias that go from metall to metal2. In the Create
Instance windw, locate the symbolic cellweof the ‘M2_M1’cell in the NCSU_&chlib_tsmc03
library and add tw instances of the via as stoin Figurel.

The last step is to def the input/output pins that will enable the use of this cell in higlhel
designs the sameay we defied input and output pins for the transidewel schematic of our
inverter Make sure that the metal2-dg layer is aetin the LSW windw then go to Create->Pin
(shortcut: ctrl-p). Enable “Display Pin Name”, then click on the Display Pin Name option and set
Height to 0.5. In th&erminal Names éld, enter A” (without the quotes) and maksure to select
‘input’ as the 1/0 type. Go back to the Layout wiwdand create a rectangle directly on top of the
M2_M1 via youve created (Note that you doinave to enable the Create Rectangle command to
create pins). Do the same thing for the output by entering “Y” iTeheinal Names &ld, making
sure to select ‘outpuds the 1/0O type, and then diag a metal2 rectangle on top of the M2_M1 via
you've created earlie(Note:After creating the rectangles for the pins, you can place the resulting
text label aywhere, loit it's useful to place them near the pinythefer to) Lastlywe need to tell
Cadence to connect our supply rails to the global vdd andrgrab this, mak the metall-dg layer

in the LSW windev active, then using the Create Shape Pin wimdirav a pin called “vdd!”

defined as inputOutput I/O type (without the quote and with Xiceamation point) on the upper
supply rail. Do the same thing for thever supply rail by dnaing a pin called “gnd!” defied also

as inputOutput.

If you did eserything correctlyyou should already ke a working plysical layout of an werter Of
course, hoping that yoee created it correctly doesmjive us ag assurance that it will @rk. The

next step is to performerification steps to maksure that our uerter does wrk. First, you need to
make sure that all the shapes yaidefned do not violate so called “process design-rulElsése
rules define such things as the minimum alkble width of each shape, the spacing between shapes
in the same layer and on féifent layers and a multitude of other things. Imposing these rules allo
the chip foundries to reliably create the circuits we are desighingerform a DRC check, go to
Verify->DRC and then click OK (the daidlts are perfectly useable). If you diimake a mistak,

the icfb windav should tell you that no errors were found in this layout. If yantywou can delib-
erately create an error either by creating sBapes that violate either width rules (saynetall
shape that is less than 450n thick) or spacing rulest{gaynetall shapes that are less than 450n
apart), or you can modify the current shapes in your design to come up with aAfegrax DRC
with errors, you should see a list of errors in the icfb winexplaining what errors were found, and
error marlers should n@ be seen in the Layout, as demonstrated in Figundere the laver sup-

ply rail was intentionally meed upvards, and the polysilicon connectioas\stretched to introduce
a gap.To get an rplanation of the errogo toVerify->Markers->Explain and click on an error
marker. A new window should pop up with a shorxganation of the erroClicking on the error
marker in the polysilicon gp tells us that polysilicon shapes shouldeha minimum spacing of
0.45um. If the gp was lager or equal to 0.45um, thisowldn't be flagged as an error during DRC,
but obviously the circuit shouldh'work arymore since the inp# is now only connected to the
NMOS instead of being connected to tlaegof both transistorghis error will be fagged later on
during the VS check since with this errahe layout doeshdescribe the same circuit as the sche-
matic arymore.

Fix all the errors if ap and do another DRC check until no errors are present.

The net step is to do circuiberaction.At its simplest, this step will takall the shapes in your lay-
out and try to deduce where transistors are formed amndH®p are connected to each other and
produce a schematic that we can use to compare to our orilyaalill go a bit further than this and

tell the etraction tool to alsoxdract parasitic capacitances within our circuit to create a more realis-
tic description of our circuit. Go tderify->Extract. Male sure that “&t” is chosen as the Extract

5
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method (this creates aftened schematic in case yowéa hierarchical design), and then click on
Set Switches and choose Extract_parasitic_caps. Steat#on by clicking on OK. If eerything
goes correctlythe icfb windev should tell you that no errors were found. Madithese errors are
caused by improperly formed transistors and sughsince we he instantiated the transistors our
seles, there is minimal chance of an error occurring unlesseveelded xra shapes that will inter
fere with the predefied transistor deging. After extraction is fnished, a n& cellview called
‘extracted’is added to the list of cellwies available for the imerter

The net step is to perform a layouexsus-schematic check\B) to \erify that all those rectangles
in our plysical layout actually form the same circuit as thatdefiin the original schematic. In the
Lib ManageWindow, open the schematic antmcted cellviers of the iwverter In theVirtuoso
Layout windav shaving the atracted cellviev, go toVerify->LVS. The LVS window should appear
In the Create Netlist Schematic column, choose Sel by Cursor and then clickvinutbgo Sche-

matic windav containing the iverter schematic. In the Create Netlist Extracted column, choose Sel

by Cursor and then click on thrtuoso Layout windw containing the xdracted vaveform. In the
LVS options, enable “Rdring” and “Terminals”.The LVS windaov should nav look like the one
shawvn in Figure3, assuming that you used the name’‘iior the cell. Start \/S by clicking on the
Run hutton.

If everything goes correctlya windav should pop up that says that théS_run succeededhis
only means that theMS algorithm fnished, and does not mean that the actU8 theck suc-
ceeded. Instead, if the ruailed, click on Output and then Log and see what the problerhas.
most probable reason failure is that either the schematic or layout celivie never than the
extracted cellvigv. If this is the case, ga the schematic cellvie then sge the layout cellvie and
perform anothersdraction and afterards, do another ga and perform the\LS again.

To see whether the circuit passed tN&lcheck, click on OutpuThis opens a t&¢ window and if
the circuit passed the check, it should say sdmeee that the “net-lists match”, ékhe one shen
in the left windev in Figure4. The LVS check for the layout where the polysilicaapgs still

present (and hence the PMOS is unconnected, vensimothe right windw of Figure4. Note the

Figure 2: Inverter Layout after a DRC ¢ heck sho wing err or marker s (Errors
were intentionall y intr oduced).
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line saying that Net /5 mged with /A, which says that the Net /5, in this case the PMEDS g
should actually be connected to /A).

After making sure that your netlists match and it has passe&/&eheck, the nd step is to gener
ate a ne cellview called analog »d@racted that will be used for SPICE simulation containing the
parasitic capacitance®o generate this mecellview, click on BuildAnalog in the VS window. In
the windav that pops up, maksure that Includall is selected (this mads sure that the parasitics
include all those found duringieaction and ay parasitics that you may Y& explicitly instanti-
ated)The icfb windav should tell you when the process isghed.

At this point, we hee finished with the \/S check and should proceed with the SPI@Efication.
Close all windavs except for icfb and Lib Manage®pen the iverter testbench schematic\(iriest)
and irvoke Analog Design Evironment. Confjure @erything the same ay you did for the fst
inverter SPICE simulation. Start SPICE and display thesrms on diferent axs (like before as
showvn in Project 2)

This SPICE run should produceragtly the same results as beforewNwe hae to tellAnalog
Design Erironment that instead of using the circuit netlist in the ‘schenmalbliew (as we did by
default during the fist SPICE simulation), it should wause the schematic stored in the
‘analog_etracted’cellview. To do this, go to Setup->Eimonment and tak a look at the switch
view list. This is an ordered list of cellvies thatAnalog Design Evironment uses to locate the
netlist of our circuit. Egn though there are four cellvis entered before ‘schematic’, since our
inverter doesri’contain ag of these cellviers, the ‘schematicellview was used during thers$it
SPICE simulationType in ‘analog_xtracted’before ‘schematicso that the ‘analogx&acted’cell-
view takes precedence and will be used instead of the schematicweBtat the SPICE simula-
tion and carefully look at theawveforms of the fist run and notice the firence when theare
automatically replaced by theaweforms of the present ruviou will notice that you obseevmini-
mal changes between the rufke frst thing this means is that your layout is correct andvasha
almost the same as the schemdtie second is that thetea parasitics found duringaction
does not alter the verters behaior drastically To appreciate this, you must realize that the transis-
tor defnitions in the schematic already contain parameters used ne ded capacitances of the
transistors (click on a transistor then pressoddring up its properties. Notice the parameters for
drain and source difsion area and some otheffiese are used to compute for sualugs as
source and drain junction andfdgion capacitances and some othaugs).The main diference is
that the schematic transistors assume a certain transistor ge@nédttiyis may correspond to the
transistor wee dravn in the layout, or may be totallyay of if we did things lile increasing the

| LVS | :
Commantds Help I al
Run Directory [LVS Browse |
Create Hetlist |l schematic [ extracted -
Library |simple cells simple cells
Cell |ind [ire
Views [ SCthath; . | ex';;rac.i;.e;:f:

Browse | Sel by Cursor Browse | Sel by Cursor |
Rules File | dival¥s. ruli . Browse |
Rules Library M [NOSU TechLib tsmcO3
LVS Options W Rewiring _| Device Fizing

| Create Cross Reference M Terminals
Correspondence Fle | :lveg__cm_:r_f:i.-_le_ . Create |
Priority | Run  jocal

Run: |  Output Error Display |  Monitor | Inifo

Backannotate | Parasitic Probe | Build Analog | Builld Mixed

Figure 3: LVS windo w for verifi cation of the in verter.
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area of the source and/or draifihen the design becomes bigger and bigggraction of the para-
sitic capacitances will produce morevidgions from the schematic mainly because of wire parasitic
capacitances that start to be siguaifit. In the small werter layout for gample, no parasitic capaci-
tance vas &tracted for the short metall layer connecting the drains of ihéransistors together

4. NAND, NOR layout

1. After creating the iverter layout, do the same thing for thAMD and NOR cellsAn example lay-

out of both @tes is shon in Figure.

2. Some comments garding the layout:

* Make sure that the supply rails are aligned properly so thgtcie be abtted perfectly (i.e.
made adjacent without arspacing)Also male sure that thecan be abtted perfectly with the

previous irverter design.

* Although these cells are functionallyovking, they are not optimized whatseer. Notice that
the outputs of theajes are connected together using a metal2 wire. In making standard cells,
use of highetevel interconnects arevaided if it is possible to usewerlevel interconnects
instead. In this case, rewing the metall connections from the middle terminal of the NMOS
network for the MAND and the PMOS netwrk for the NOR will allev the connection of the
outputs using a metall wire. But to reradhe metall shape, the PMOS and/or NMOS transis-
tors involved hae to be fhttened (i.e. bradn davn into their basic layershs a result, the whole
process is more complicated than is necessary four our purpose.

* For the NOR gte shan here, the wrst case dve strength of the PMOS netvk is wealer
than that of the NMOS netwk, unlike the iverter and the AND gate where the dre streng-
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right windo w sho ws the LVS check for the la yout where the PMOS was intentionall

y disconnected.
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hts are equallThe reason for this is that thedW?MOS transistors (width=900n) are in series,
yielding an efiective width of 450n, which is equal to that of therat case NMOS netwk
effective width.With the diference in carrier mobilitythis means that the NMOS i strength

is roughly twice as strong, the endieet being thedll times of this gte will be &ster than the
rise times.

3. After creating the layout, perform the necessary DR€@aetion and S checks the sameay you
did for the iverter

4. After doing the IS check, repeat the ‘Builinalog’ process to generate the analogracted cell-
view of the gates. Perform SPICEevification for theseafes by follaving the steps used for the
inverter and by using the same testbench you used forAN®Nnd NOR schematic.

Figure 5: Sample la yout of the NAND and NOR cells.
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5. MUX design

1. Inthe same ay we used the werter NAND and NOR schematicdel basic gtes to come up with
the aqate-level design of a 2-to-1 multipter, we can create the multipler layout by instantiating
the layouts of the indidual gates and connecting them together

2. Create a layout cellwe of the multiplexer. Also open the schematic cellweof your multipleer to
guide you in creating the layout.

3. IntheVirtuoso Layout windw, instantiate instances of thatgs you used in the mux schematic
(Create->Instance, shortcut: ‘i'The upper winde in Figure6 shavs a multipleer schematic using
the minimum possibleales (gien the choice of in nand and nor)lhe lover windawv shavs a lay-
out of these four @tes instantiated andw#tbed togetheAgain, this layout isdr from optimalThe
gates can be aitted closer to each other such that thewgrorails werlap.Try akutting the gites
closer to each other and use DRC checks to determine at what point fuutineersttresults in a
violation (Hint: alutment here is limited by the minimum spacing betwednsidn.When the n-
select and/or p-select layergeolap, the diusion layers of the transistors become too close to each
other)

4. In the placed layout, notice that the thitey(a M\ND gate) is fipped horizontally to ally theA
input to be closer to thevarter output to which it is connectélh do this, mak the mee com-
mand actre and in the process of mng the @te, press ‘F3and then click on the ‘Sideys’ but-
ton.

ﬁ] Virtuoso® Schematic Editing: simple_cells mux schematic [=[o]x|
Cmil: Sel: 0 a0
Tools Design Window Edit Add cCheck Sheet Options HNC3U Help
&
G-)\% -
&2
R |
F mimouse L. showilickInfo() M. schHiMoussPoplp () R schfoonFit(l. 0 0. 9]
snepl>
= Yirtuoso® Layout Editing: simple_cells mux layout EEE
X: -0.075 ¥: 5625 (F) Select: 0 dix: -16.500 dy: 3.150 Dist: 16.7980 Cmd: Move 89
Tools Design Window Creale Edit Verify Connectivity Options Route HCSU Help

22D

i

m\NI=lE

iy

5

% |nouse ar Poi: M. Pop-up Meni
.. | Select the figure to be moved:

Figure 6: Minim um-gate sc hematic and unfi nished la yout of the m ultiple xer.
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Next, finish the necessary connections betweenakesgeither by dreing rectangles directly in the
metal layers, or using the path command.. It is okay to be sub-optimal thig tienprocess of stan-
dard cell creation is a prettyvolved one, and we will not be discussing the techniques here.

. After finishing the connections, thextatep is to defie the pins. Create pins (shortcut: ‘ctrl-p’) for

the inputsA, B and SEL and the outp¥t Lastly, dont forget to create the vdd! and gnd! pins the

same vay you did for the basicages. Be careful to def the I/O types of each properly and mak

sure to create the pins in the appropriate metal layer (metall-dg for vdd! and gnd!, and metal2-dg for
everything else)An example of the fial layout can be seen in Figute

Perform DRC, rtraction and VS-checking the sameay you did for the basicages After passing
these checks, generate the ‘analograeted’cellview for use in SPICE.

Do SPICE erification of the multipleer using the testbench you used before for the scheneatic v
ification. Male sure to compare the results when using the ‘schematlist and the
‘analog_atracted’netlist when doing the SPICE simulatidine presence of the sigmifint length

of wires in the fnal layout may result in signti@nt wiring parasitic capacitances, resulting in more
deviation between the schematic andracted simulation since no wiring capacitances werentak
into account in the schematic.

Fibonacci La yout

So far, most of what we hee been doing is creating ouwio (albeit limited) standard cell librars
previously pointed out, creating a standard cell library is a pretghrad and complicated process.

After designing the schematic and layout of the standard cells, the library designer also has to char
acterize the belvior of the standard cell library (in terms of performanceyegiparea, etc...) and
afterwards, mak sure that the library is useable on a wideety of CAD programs from synthesis

to PNR (placement and routing) tools. Project 4 willvslyou a valkthrough of ha to complete a
reasonably complicated design starting from a highHEIDL design to the fial physical layout

(verifying the design using DRCMS and SPICE along theay).As the last part of Project 3, you

will be performing some clean-up of the layout of a10-bibfiacci counter thatas semi-automati-

cally generated using the desigmwflyou will use in Project 4.

Open the layout cellvie of the fbonacci cellYou should see a layout &ikhe one in Figur8
(again, if you only see the black box wef the cells, press ‘shift-to shav everything and ‘ctrl-f
to go back). Here, the area in the middle that is occupied by the cells is usually called the core area

Figure 7: Final layout of the m ultiple xer.
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The core is surrounded by thewsr ring, and the supply rails of the iadiual rovs formed by the
standard cells are connected to thig@oring. Lastly the input and output pins are located in the
periphery outside the pe@r ring.The main thing that has to be moedihere is the inteate (pins)

of the layout. Current|yno actual pins are presently recognized heiéittyoso (a byproduct of
exchanging data between f@ifent CAD tools). If you zoom in to the periphery and look at a specifi
I/0 pin, you wuld see some metal shapes and a lalleén we were creating pins, wepéicitly

created metal shapes that arerdafias pins with labels attached to them. In this case, the labels are
simply text labels that h&e no efect whatsoeer on the behaor of the layout.

One of the things we need to do is to defpins from these labeklso, in the layout, try fiding

one of the output pins (labeletd_out[xx]). Note that theus delimiter are the square braces ‘[]'.
Cadenc#/irtuoso doesrt’recognize these as thesdelimiters and instead uses ‘<We also need

to modify the ls delimiters for all these pins and change them to ‘<>’. In this case, only the output
pins use as, so you only need to modifyatly ten of these labels.

To start the clean-up, we wahange theds-delimiter of the labels. Go to Edit->Search. In the
‘Search forpulldovn menu, select label, then click &pply’ then ‘SelecAll'. At this point, @ery
shape in the layout that is a label will be selected. Go to Edit->Properties (shortcut: ‘ag)stvak
that ‘Attribute’ is enabled and by clicking on ‘X and/or ‘Prgious’, locate all the labels that use
bus delimiters and change them to ‘€fgr example, change fiio_out[4]'to “fibo_out<4>’). Do
these for all 10-bits of thebfonacci output. Nw locate the labels named ‘gratid ‘vdd’and change
them to ‘gnd’and ‘vdd!'to male it consistent with he Virtuoso indicates global signals.

The net step is to create pins from these lab€lgs can be done one label at a timg, the best

way is to do it all at once. In the same ‘Edit Label Propemntyasiow, to change the properties of all
the selected labels all at once, click ‘Commiorthe upper right of the windo Next, change the
Justification feld to ‘centercenterThis step is necessary so that the pins we will create later will be
aligned to gisting metal shapes. Click oApply’ then ‘OK’.

The net step is to defiie the pins from the labels. Makure that all the labels are still selected, then
go to Create->Pins From Labels. Use theadi$ then click on ‘OK’. Pins should wde created
properly Now, delete all the labels. Oneawto do this is to maksure that all the labels are still
selected, then pressing ‘d& delete them all at once.

. Next, we need to deafke the direction of these pins. Go to Edit->Search and in the ‘Searafeion’,
choose ‘pin'then click onApply’ then ‘SelecAll’. All the pins in the design shouldwde

— ~ Virtuoso® Layout Editing: fibonacci fibonacci layout
152.025 Vi 200.925 (F) Select: 0 < av:

Tools Design Window Create Edit Verify Connectivity Options Route HNCSU

/ MBLEE L el R e

M: leHiMouseFopUp (3 F:hiZoomahbsoluteScale thiGebOur s entWind

>

Figure 8: Automaticall y generated la yout of a 10-bit Fibonacci counter
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selected. Go to Edit->Properties and in the ‘Conmiggtisection, change the 1/0 type of the pins

one by one (bo_out<??> should be type output, vdd! and gnd! should be inputOutput, and all other
else should be inputdfter finishing, click on OK. (NoteThe process is pretty tedioti® male it

less tedious, one solutiorowid be to impose a criteria during the selection process such that only
common pins are selectedrfexample, it is possible to select only all theofnacci outputs so that

the properties can be changed all at the same time using the ‘colmtion).

At this point, the layout should hopefully be correct. Do a DRC checgrifythis. If errors gist,

we first need to correct them before proceeding. Géetdy->Markers->Find. In the winde that

pops up, enable ‘Zoom to Magis’and then click onApply’. This zooms your vig to the frst

error in the circuit and opens up asn@indow explaining what the error is. Click on ‘& to go

the net error if needed. Usuallyhese types of errors will be caused by some sort of misalignment
during the pin-creation step that results in spacing errors between some metal shapdise Mie@-
ated pin to # the error From the error magks that are displayed, the source of the error awddo
move the pin to f it should be cleaDo another DRC toerify that all important errors arexéd.

Once the layout passes the DRC check, proceexdriacgon and VS checking just lik before.

After passing the LS check, generate the ‘analogtracted’cellview by clicking on ‘BuildAna-
log’ in the VS window.

Redo the SPICE simulation using both the ‘schemediltview and then the ‘analogxeacted’
cellview and compare the outputs.
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