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Adding a Transistor

» To add a component (‘instance’) to a layout:
* Press the ‘Create Instance’ button :115 or
» select Create — Instance or

e press i

* Browse to the UMC_18_ CMOS library
= Choose N_18 MM or P_18 MM, view layout

X o &

Library Brow ser - Craate Instance ) I\/;) \)_()
— Show Categories
Library Cell View
UMC_18_CMOS P_18_MM layoud
|SUSLIB_UMC018 PAD_RF

PCAP_hh hsplces
analogLib PMNP_V50X50_MhA .wC--
avTech PMNP_%100x100_hihA |ay0ut
hasic e specire :_
cdsDefTechLib P_33_MM _h
functional P_L1aWwso0_18_RF
visi_lib P_L34WsD0_33_RF

P_LY 18 M

P_LY_33_ MM

P PO7Ws00 18 RF [

Close Filters... Display... Help
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Changing Component Parameters

» To change parameters of an instance
 Press the ‘Edit Properties’ button @. or
* select Create — Properties — Object or
* press ‘q’ or
* use the Property Editor Panel

» Chose the ‘Parameter’ tab

x ) @ Edit Instance Properties

W/ &/ )

oK | Cancel | Apply | Mt | éi'sz-s'v's:::u\:l Help
v Aftribute N/ Sonas G 4P Parameter Property ~/ ROD ~/ {34 | Conanan
Model Name In_l&_mnf_ —
Total With ’115.
Finger Width 1
Length ’130‘ Org
Finger Numher |l i
Source Drain Metal Widtt ’400‘ Org
AD AS PD PS Editahle |

» Observe how the layout of the part changes!
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* Two possibilities for most commands:

1. Execute command once:
» Select objects(s)
* Press command key
» Execute command (once)

2_Multiple execution:
* Press command key — switch to command mode (new cursor)
» Select objects to execute commands on them
* Press ESC = escape to end

= Example:
» Select — delete delete one instance
* Delete — click —click ... - click — escape delete multiple
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* You can change the behaviour somewhat under CIW —
Options — User Preferences

* 'InFix' can be selected so that commands take action
immediately, without extra mouse-click

e

- User Preferences | @ B ‘
Window Controls |
— Place Manually — Create New Window When Descending
— ocroll Bars ¥ Tear-Off Menus ¥ Menu Shortcuts

Mouse Prompts M

Command Controls

¥ Infix (No-Click is necessary for first point)

_ Options Displayed When Commands Start
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* |n general, pressing F3 while executing a command opens
a window with more options.

rotate, flip
allowed routing angles
colors

» Sometimes need to press F3 twice
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Moving an Instance

= Select the instance with the mouse

* |eftclick to select individual instances
« shift — leftclick to add instances to selection
* ctrl — leftclick to remove instances from selection
 drag rectangle select instances in area
" To move

* Press ‘Move’ button & or

* select Edit — Move or

e press ‘' m’
= Alternative:

* First press ‘'m’

 select — move — drop, ...ESC
= Alternative:

e click — drag — drop
» For options (snap mode, rotate, flip,..): F3
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» By pressing ‘g’, the ‘gravity’ mode can be toggled. With
gravity on, the cursor ‘snaps’ to ‘interesting’ locations.

* You see the new gravity state in the CIW
* For now, keep gravity off

= Important: F4 (| ) toggles between
« full select - a shape is always completely selected
 Partial select - can select parts of a shape

» The Origin can be moved via Edit — Advanced — Move
Origin (+ click with new position of origin)
 This is a dangerous command if you have already used the cell
in other places: The cell will shift everywhere!
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The Display Options Window

. . . . x & @ Display Options \D X &) x)
o bring - iy
P reSS I n g e rl n S & Open to Stop Level — Nets Type o none & dots o lines I
up the DiSpIay ¥ Axes — Access Edges Dim Major Dats
— Instance Origins — Instance Pins . i -
O ptl O n S WI n d OW & EIP Surreund — Array Icons Minor Spacing A
& Pin Names » Label Origins L B TR 5_ _—
__ Dot Pins & Use True BBox ##5nap Spacing 0.05
~ Net Expressions — Cross Cursor Y'Enap Spacing 0.05
] I t a I I OWS to Set — Stretch Handles — Bow Name Filter
. Via Shapes — Row Site
m a n y th | n g S :  Dynamic Hilight ~ True Color Drag Size 6 Style empty '
# Dragged Object Ghost ~ _ Transparent Group
o AXiS on Off __ Traversed instance BBax BERIRHOLRE

Maximum Drag Level 32 Create arthogonal '
D Ot G rl d Maximum Number of Drag Figures 500 Edit arthogonal .

Scroll Percent 25

« SNAP GRID Disacaiog
Instance Drawing Mode  |BBox Scape \none '
. . . Automatic Dimmi
* D IS p I ay Leve I S Path Display \Borders and Centerlines ' JLCILEN S ng —
Dim Intensity:
Set LPP Visibility WDo not check validity SER-
[
- i
Show Name Of o instance & master  both I u I
Array Display Display Levels Dim Selected Object Content
D
- Start 0 Tre Coler Selection only
« Border
« Scurce Ecpi 32
& Cellview o Library  Tech Library o File ~/ cdsenv Browse...

—

SaveTa | LoadFrem | DeleteFrom

. Cancel Defaults | Apply /| Help
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= Changing the grid to the largest reasonable value is useful

= \We have therefore created some extra short cuts to do this:
« Keys 1, 2, 3, ... change the grid to increasingly coarse values
* The value is displayed in the CIW:

E Virtu¢
E

ile Tools Options Help

Set Snap Spacing to 0.010
Set Snap Spacing to 0.050
Set Snap Spacing to 0.100
Set Snap Spacing to 0.500
Set Snap Spacing to 1.000

= You will learn how these keys are defined in the SKILL part
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» Before drawing a shape, select the layer in the Layer
Selection Window (LSW) s
- Start with Metal 1 = ME1  [@eow s 5 &

CONT drawing
MEl1 drawing
VIl  drawing
W ME2  drawing
Blvi2  drawing

KKKlk|<
KKK|K|<

= There are 3 different shape types
« Rectangles Create — Shape — Rectangle or ‘I

* Polygons Create — Shape — Polygon or ‘Shift-P’
(double click to finish)

» Paths Create — Shape — Path or ‘p’
(double click to finish)

= Paths have a width which can be changed by F3.
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* When partial selection is enabled (F4), a part of a shape
can be selected and stretched or deleted

= Multiple segments can be selected
 This is very powerful in Virtuoso!!

= Several selected shapes can be merged
with ‘Shift-M’

» Shapes can be chopped (cut) with ‘Shift-C’ (+ cut shape)

= Shapes can be converted to Polygons with Edit — Convert
— to Polygon
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Flatten

= All objects in an instance can be moved to the active cell
view using the Flatten command.

* The instance does not exist any more after this command, it is
replaced by its content

= |[n fact, everything is ‘pulled up’ by one level in the hierarchy

= More than one level can be flattened at once

» When PCELLs are flattened, there are often several shapes
on one layer. These can be MERGEd.

 Also, special (symbolic, vendor, ...) information may be present
and should be removed.

* The reverse functionality is to make a layout cell from a
selected set of shapes: Edit — Hierarchy— Make Cell
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» Vias are connections between adjacent metal layers
= Contacts go to active devices (M1 — Poly or M1 — Implant)
= Press ‘o’ to add a via TS S
« Select the correct layer pair Mode ® Single O Stack O Auto
_ Options — Compute From Shape(s)
M2 — M3 M1 — Poly e Name
_ Create as ROD Object Name  vial
M1 - M2 ViaDefiniion  M! NWEL @ ¥,  Stanc
- M1_NWEL
- M1_NDIFF
- M1_PDIFF
~ M1 _POLY
System ttern
- M2_M3
Reset Parame ~ M3_M4
M1 — NDIFF - - M4_M5
Justification __ =~ M5 M6
Cut
Cut Class |None Width 0.24
M1 — PDIFF Rows 1 a Eow Spacing
M1 - NWELL Columns 1 B ‘2 Column Spacing
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= show everything: f (fit)

= scroll: arrow keys

= zoom in: ctrl-z or ]

= ZOOMm Out: shift-z or [

= ZzOOMm area: right mouse — drag
» pan selection: tab

= |ast view: W

= top/bottom/..: ctrl - arrow

= See menu View— ...
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Search:
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= |t is convenient to show only some layers in the LSW

= Chose your layers in the Edit Layers Dialog

AV NV AS NS Open Dialog
Active: [l ME!I drawing &
Layer Set »
5 LSW Infa File » Chose this
™ —— | |
Edit Valid Layers... (ay
o e K&
: Edit Filter Layers...
= Edit Display Rescurces... | O “ SR

T
Wre [0 Seoo

= Save your choice:
E@D :-::: CGSTRIP [rv O]

Layers BER

AV NV AS NS

Active: [l MEI drawing

mD B

E ]- -QQﬁW E ]ﬂ

Layer Set

)

Edit Valid Layers...

= |_oad a LSW Info file from there
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Pre-Defined Layer Sets

* We have pre-defined two layer sets
» Use keys 8 (‘transistors') and 9 (‘routing')

Ml DIFF  drawing » o ~ | Layer| Purpose| V| 8 |_
PWEL drawing _ .. drawing _
[W] NW... drawing ¥ o drawing o o
[W] TWEL drawing o o drawing o o
B PFL.. drawing o« drawing o
[l NPL... drawing ¥ o |= drawing o
B VTP... drawing & drawing o
M VTN drawing o & drawing o
B8 VT.. drawing ¥ drawing o o |
B S4B drawing ¥ o drawing o
BTG drawing ¥ ¥ drawing a6 W
PHR  drawing ¥ ¥ drawing d W
PO0 drawing _ drawing i i
P FO1  drawing ¥ ¥ ::ZE::Q ¥ ¥
VA.. drawing _ drawmg -~ -
B CO.. drawing ¥ T HrEHT T i
[ MET drawing ¥ o ng
: drawing o o
VI  drawing __ i
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= Similar to the selection box of a symbol, a layout can have a
'Bounding Box' which will be displayed in the next hierarchy
level (above) when display level is decreased.

~ | Layer | Purpose | V| S|

* It is drawn on layer 'instance — drawing' SYMBOL MM = i
[l instance  drawing v ¥
* You may need to turn the layer on (see prev.) || penay voundary &

= |f you instantiate the cell (layout):
 you see only the bounding box if display level = 0 (Ctrl-F)
* you see 'into’ the cell for level > 0 (Shift-F sets level to 20)

B RS 781 | 1% RSP 70 AR

Top cell — Level = 0 Same Top cell — Level > 0

Inverter - Layout
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= Play around with the layout editor:
* Get a PMOS and an NMOS
* Turn on and off layers
 Draw some metal traces, use Rectangles and Paths
« Shift things around
* Modify the paths
« Get some contacts
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» Select from the top menu Assura — Run DRC...
» Make sure Rule Set DRC is selected
« Make sure you have set a run name
* OK closes the window, APPLY keeps it

Virtuoso® Layout Suite L Editing: vlsi_lib inv erter layout

¢y Options Tools Window QRC Optimize Help

. x & &) Run Assura DRC @ & ) %
Q 2| @~ Q| b b lier = |
A OPEII Cell... Layout Design Scurce DFII Compare twa layouts - Generate Lyl Compare Rules, .
v I »> m (pJ Select:0 IEChIlOIOg)f... l X:.055 Lbrary wvlsi_lib Cell twostages View layout Browse...
A
Rule Sets... Save Extracted View __ View Name  drc_extracted
Setup ’ AreaToBe Checked  |Full |
Run DRC...
test i tmp /ASSURA-DRC-fischi
Run altPSM... Fun Name es Run Directory Ftmp / ischer J
Eun LVS... Run Location local '
Eun ERC...
- View Rules Files J Technaology \UMC 18 CMOS ' RuleSe: DRC
Open ELW
Open VLW View avParameters J Madify avParameters... 1 avParameter is set.
View Additional Functions s 1 additional function is set.
Enable limitDreCheck J
. cancel | Apply | Defaults /| Load State Save State View RSF Help |
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* Produce the layout of an inverter
* Have the PMOS 3 times as wide as the NMOS
* Put the PMOS at the top, the NMOS at the bottom
 Put the input on the left side on ME1, the output right on ME2
* Run power / ground horizontally at top/bottom
» Connect also the NWELL and the substrate

= Try the layout of a NAND3

* Try to make the inverter and the layout the same 'height’ so
that the power connects automatically when placing two cells
side-by-side (see next slide)
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» Do the layout such that multiple gates can be easily placed
side by side.
* Power/ground should run horizontal at bottom and top
* Find good distances of power traces, wells, ...

NAND3 INV NOR3 NAND3
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