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Laboratory of Integrated Systems Design

1. Layout drawing

We start drawinga layoutby adding a new viewtype layout) in the cellinv in the library
INVERTER, where wehave designed the schematic of the inverter previously. The layout of the
inverter should be placed in the same cell as schematic and symbol, for integrity of the library.

Library Manager: WorkArea: /hom

Edit ¥iew Design Manager Help MNew File
m W Library... File
open. el | cell view. | Library nwerTER |
o L Category...
pen (Bead-Cnly)... Cirl+R -
Open With... el o
Load Defaults... Wiew lagmut

Save Defaults... Type layout n
Open Shell Window...  Cirl+P

Application
Exit CirleX pen with Layout L n

_ Alwaws use this application for this type of file

Library path file
fhome fstaff firek/ICprojekt_ICs cds. Lib

_Cancel | Help

The window of thé/irtuoso Layout Editor appears
tool bars

programy Miejsca Eitfluoso 4 B czw,14:49 B Ireneusz Brzozowski
Virtuoso® Layout Suite L Editing: INWERTER inw Layout
aunch Flle Edq Wiew Create Vern ectvity Options Tools Window Asswa GRC Opfipize UMC UNis  Help cadence
b 5 A QRla » » |[Workspace: | Clzssic =
& & |1 Qx 0 Seif)0 Se0)0 | X200 0 dX: dv: Dist CmdDelete
L E —
I '

layerscontainer
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the centre of the coordinate systéiD)
im

=

=
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[€] virtuoso® 6.1.5 - Log: Momelst... | [ Library Manager: Workares: fho \EVinunm- Layout Suite L Editing )

description of current command

From the layers containérayers) we will chooseappropriate layer for drawing the layout.
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Before starting the work witthe Layout Editor, we have to set a few paramefeysdo this, choose

from the menuOpt i ons

figures below.

YandDi pst pi |oanys

YOptigndl isdttings are shown in the

Display Options

Dizplay Controls

¥ (pen to Stop Lewvel __ Met=
» Axes __ Accessz Edges
Instance Pins

& EIP Surround

Instance Origins

Array Icons

_ Pin MNames # Label Originz
__ Dot Pinz __ Uze True BBox
& Net Expresszions __ Crozs Cursor

__ Stretch Handles __ Pow Mame

Yia Shapes __ Row Site

# Tiynamic Hilight

[ # True Colaor Drag
¥ Dragoed Object Ghost

_ Tranzparent. Group

_ Traversed inztance BBox

Hamimum Drag Lewel 22

Maximum Mumber of Irag Figures BN

Scroll Percent 25

BB n

ﬁnr‘der‘s and Centerlines n

Instance Drawing Mode

Path Dizplay

Set LPP VYisibiliglo not check wvalidity n

Show Mame 0Of — inztance & master _ both

Array Display
2 Full

Dizplay Levels=

Start

— Border

 Source ////;7

Stop

Grid Controls

Tupe  _ none

Dim Major Dots

Minar Spacing

Major Spacing

2 dotz _ lines

0,1|
1

% Snhap Spacing

Y Snap Spacing

0,01
0,01

Filter

Size B

Snap Modes

Create

Edit

Dimmi g
Scope

Automatic Dimming

Dim Intenzity:

Ctyle [EmMPLY n

orthogonal n
orthogonal n

MOneE n

50
L)

Dim Selected Object Content

True Color Selection only

® Cellview o Library o Tech Library o File

Save To Load From

' cdseny

\ Delete From

Browsze, ..

s s
m Cancel Defaults Apply Help

It is important for hierarchical projects

Click Save Tofor savingthe settings.
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Layout Editor Options

Editor Controls Gravity Controls Wire Editing
» Repeat Commands Gravity On L) Wire
i i Wire
__ Dizplay Reference Point Tupes W all _ rone
# Auto Set Reference Point :
. # centerline & edoge » midpoint virtuosollefaultSetup '
# Recursion Check
W yertex W end W RExUs Via Parameters Calculation Hode
_ Maintain Connections _ o
# fbut Server o pin o origin Hinimum Fules n
# [Cell Auto Abutment fperture  TE Depth ] ¥ fAuto Merge Geometrics Wires
» Save Rulers . . 0— . . 0— _ Allow Loops
. ounce ounce
_ Select Created Object _ RAdjust Edited Yias Params
w Rotate Around Combined Center
# Flip Around Combined Center
» Turn OFf Infix In Smart Snapping
Tap
Auto Tap ¥ Wire _ Shape _
Half Uidth Check off K@ & Tap Layer Create Yia
Conic Sides 20 M Tap Attributes e
— Tap End Styles Same az Wire n
Shapping ® Only with =zame End Styles
Via P t Calculation Mod
__ Instance to Row Ewven with different End Styles 18 TEMANELERS Laltulation Tots
= Giem T Teed ¥ Select from Owverlaps Min Rules & YiaDef n

_ Include A11 (Wire) Yia Layers

Tap Purpoze List drawing

File “ odzeny Browse, ..
o -

Save To Load From
N

m LCancel | Tefaults /| Apply | Help |

2. Basic functions of the Layout Editor

Drawinga layoutconsists in th@roperplacing of rectangles representing appropriate layersuch
a way, that this structure, then allogsneratingproduction masks and fabrication of the circuit.
Only a few basicommandsre presented below.

1 Shapes selectiorisa shape can be highlighted in a 2 ways:
o Yyellow dashed liné it is ready to choose,
0 white solid linei it is chosen for a new command,
o yellow solid linei it is chosen and a command is performed.
{ Drawingof arectante:Cr eat e VY Rlwodcutd hahdose a layer from the palette
on the left,next make one click of the left mouse buttalidk means: pusithe buttonand
thenreleasg, the first corner of the rectangle is created, next drag the mouse creating required
shape and finish it by another clicking:
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Virtuoso® Layout Suite L Editing: INWERTER inwlayout

Launch File Edit Yiew [rests Verifu Comnectivity Options Tools Window Assurs UFD Optimize UM Utils Help cadence
B ol O E X EORIW IR )% et DR @

EX Ry

AY MY AS N5

[ FPLUS drawing
OV Al Yalid Lavers Bl
— Uszed Layers Only
Q

- | Layer | Purpose |
@ 0IFF  drauing
(B PUEL  drauing
B ru,.. draving
HV..‘ drawing
drawing
drawing
drawing
drawing
drawing
4ae drawing
W FPLUS draving o ]
MLID  drawing
e, .. draving

¥
™
™
™
»
4
o
L4
L4
L4
™
»

S
"]
]
%]
%]
~
)
L]
]
]
]
]
"]
]

I
~

all=1ke

Objects
b ject
E-Shapes

=
)

T

e Circled, ..

KKKKIRK
LK KKK

Objects || Guides

» || (F)Select:0 SeltM):0 Sel(I):0 Sel(0):0 | X:7.8100 Y:4.5800 dX:0.4400 di:-0.2600

mouse L3 Enter Point
3(4) | Point. at. the oppasite corner of the

R: Pop-up Menu

rectangle; | Crds Rectangle I

1 Moving elementse d i t

Y (siddcutm) i point a figure by mouse (one click of the left

button) and move the shape in a new place:

Chosen object ikighlightedin yellow.

f Dimension changesstretchingE d i tStre¥ch (shortcuts) i choose a edge tiieshape (it
will be highlightedin yellow), next click and move the edge:

When the cursois placed oman edge then it is highlighted in yellow dashed liné is ready to
choose for stretching. Now you can click and drag the edge in new place.

If the cursor will be placed in the

middle ofectangle wholethe shapas highlightedthen all edges

can be stretcheahdfinally the rectangle is moveand it works asnovecommand.
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1 Copying:Edi t Y (sl@®udcpty) i choosean object (it is highligted), click and move
another one in the new place.

Layers wal-ars
R Wy HS NS

WEL draving B-
ALl Yalid Lagers [

M llzed Layers Only

q

A Y AS NS

WvEL drauing ‘ -

ALl Valid Layers  [i@\#0

Klk|k & K K K Ko 4

IFH  drawing 4
S¥... HMSYMBOL

~
L]
b

Objects 7

Object T
B} Shapes o e [ hjects 78X
i pCircled... o g.;- Obiect T
i Donut. v E}-Shapes ¥ ¥
Label E Circlel... o o 7]
Path v ¥ - Donut. CC
a ¥ v - Label g
PathSeq T r-Path M ¥
Polugan v e PathSeg M
i o Rectangle ¥ & +-Palygon ¥ ¥
teOther S... o o Rectangle o o
e T -Other 5... ¥ &
i wides =
= Objects Guides
T T i M: Rotate 90
1(20 Select the figure to be copied: ) (1(2) | Foint at the location of the copy: )
N~ - g 7

The above operations can also be performed on a group of objecthiodsthem by selecting the
area with the left mouse buttgpush and hold the buttooy by clicking the left mouse buttomith

the Shift keyheld

1 RulerEdi t Y (shorcute):r

Snap to Vertex
Snap to Ay Target (Vertex, Hid-point, Nexus, End. Edge, Path and BBox Centerlines)
fdjust Snap Bperture/Tepth, . ShiftsE

B Options,..,

The scale is given iam. The ruler is an object, just like rectangles and can be moved, stretched,
copied, etc.
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3. Designing of the inverter layout

We start designing from drawing the NMOS transistor, because in the technologlgyusethe
substrate is of typB, sowe can immediatelyxreatethe NMOS transistor. For PMOS it is necessary
to change theodytype by creatingN type well.

As a reminderaview of the NMOS transistor is shown below.

polisilicon gate

(Gate)
| dren (Dren)
zrodio 7 P~
(Source) -~
SiOy~—_ """
—F :
1 m— 7

When designing the transistor, draw the necessary layers to create the drain and source areas witt
contacts to the metdihes and the gate area (here polysilicam)additionallydrawn polysilicon to
metal contact taonnectaninput signal.

In order to draw the NMOS transistor wat followingslayers: active/diffusion§IFF), n" implant
(NPLUS) and polysilicon PO1) i the logical product of these three layers defines the chanea!
of the NMOS transistor.

The order in which théayers are drawn is irrelevant becatise proper sequence of technological
processes is ensured during the fabrication ofcthmiit. The dimensions of rectangles and their
relative placemerdre important, watis defined in the DRC rules of a given technology.

The layout of the NMOS transistorssown below:

CONT
ME1

In order to connect the drain and the source in the apmyere contacts CONT) with metal 1
(ME1) surrounding them have already been placed.
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Additionally, a rectangleof the SYMBOL MMS layer must be drawn on the entire surface of the
transistor. This is the layer for the extractor, indicating that the transistor isTiereomplete
NMOS transistor is shown below:

The PMOS transistor looks very similar, but consists of layers: a@i{, polysilicon PO1), p*
implant PPLUS) and additionally N well{WEL ) and, of cours&sYMBOL MMS .

PO1
DIFF
PPLUS
Y CONT
ME1

NWEL

ThePMOStransistor withSYMBOL MMS layer.
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