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* To add a component (‘instance’) to a layout:
* Press the ‘Create Instance’ button :Il-o- 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 &) @ Library Brow ser - Create Instance ) &) X
— Show Categories
Library Cell View
UMC_18_CMOS P_18_M layout]
SUSLIB_UMCD18 PAD_RF — | View '\| L \
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avTech PNP_%100%100_hh |ﬁ :
basic e SpECiE ]
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Close Filters... Display... Help

VLSI Exercise: Getting Started © P. Fischer, ZITI, Uni Heidelberg Page3




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

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 RO Edit Instance Properties ) (&) X
ok | cancel| apply | st | siovi) Help|

N Attribute N oonnss (it @ Parameter Property ~/ ROD ~/ {:ihd4 _| Connann
Model Name n_18 nog ~
Total Width g
Finger Width |
Length 180. Org
Finger Number L 0
Source Drain Metal wigtr  |400. 0r
AD AS PD PS Editahle |

» Observe how the layout of the part changes!
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Intermezzo: Executing Commands

= 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

— User Preferences | @ B 23 ‘
Window Controls
— Place Manually — Create New Window When Descending
— acroll Bars ¥ Tear-Off Menus ¥ Menu Shortcuts

hMouse Prompts Bottom B

Command Controls

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

— Options Displayed When Commands Start
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Intermezzo: Getting more Command Options

* |[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
o ctrl — leftclick to remove instances from selection
 drag rectangle select instances in area
* To move

* Press 'Move’ button & or

* select Edit — Move or

* press ‘'m’
= Alternative:

e First press 'm’

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

e click — drag — drop
* For options (snap mode, rotate, flip,..): F3
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Setting User Mode Details

» 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 (|4 ) 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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VLSI Exercise: Getting Started © P. Fischer, ZITI, Uni Heidelberg Pagel0



RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Additional Bind Keys for SNAP - Grid

» 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)
« Start with Metal 1 = ME1

- Jmlulzmm_h&l_%.l

B ro1  drawing
CONT drawing
ME]l drawing
VIl  drawing
ME2 drawing
Bl vi2  drawing

K K KK [
KK KKK K

» There are 3 different shape types
* Rectangles Create — Shape — Rectangle or ‘'r

* 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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PN Modifying Shapes

* 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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= 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 MERGEA.

* 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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M1 — M2
M1 — NDIFF

Adding Vias and Contacts

= Vias are connections between adjacent metal layers
= Contacts go to active devices (M1 — Poly or M1 — Implant)
* Press ‘0’ to add a via

K s \’_A Create Via
» Select the correct layer pair Mode ® Single © Stack @ Arta
Options | Compute From Shape(s)
M2 — M3 M1 — Poly
Net Name
—  Create as ROD Object Name vial
Via Definiion M1 NWEL |[|@ (¥,  Stanc
- M1_NWEL
-~ M1_NDIFF
- M1_PDIFF
- M1 POLY
System tteTn
e | e | - M2 M3
i | | E : Reset Parame i~ M3 M4
~~~~~~~~~~~~~~~~~~~ M4_MS
Justification __*- M5 M6
————— ——
Cut
Cut Class |None Width 0.24
M1 — PDIFF Rows 1 B Eow Spacing
M1 - NWELL Columns 1 B s Column Spacing
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Zooming ...

» show everything: T (fit)

= scroll: arrow keys

= zoom in: ctrl-z or ]

= zoom out: shift-z or [

= zOOM area: right mouse — drag
= pan selection: tab

= |ast view: W

= top/bottom/..: ctrl - arrow

= See menu View— ...
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Search:

— Used Layers Only
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= |t is convenient to show only some layers in the LSW
» Chose your layers in the Edit Layers Dialog

Layers =3 .
AV NV AS NS Open Dialog
Active: [l ME! drawing x
Layer Set » :
_ Chose this
S LSW Info File »
S Edit Valid Layers... I A =
- | X W @&
f,';] Edit Filter Layers...
= Edit Display Rescurces... ’ L ﬂ Bk O
m R oo
= Save your choice: Mmoo b0 Srmeus frdo
Layers 215X (el EVTo O B8 costrRIP B0
AV NV A8 NS -
Active: L. ME1 drawing Gl
O

Layer Set

onn [:h-f.] || - SQNMY Ev-v.] M

S Edit Valid Layers...

= | oad a LSW Info file from there

VLSI Exercise: Getting Started © P. Fischer, ZITI, Uni Heidelberg Pagel8




RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG ;' Pre-Defined Layer Sets

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

[ DIFF drawing & o ~ | Layer| Purpose| V| S|
PWEL drawing __ CO... drawing __
[W]NW... drawing ¥ [ MET  drawing ¥ W
[m] TWEL drawing o o drawing o o
B PPL... drawing o drawing o
[l NPL... drawing o o |= drawing o W
B VTP... drawing ¥ drawing ¥ ¥
M VT drawing & ¥ drawing ¥
B vT.. drawing ¥ ¥ drawing o
B8 S4B drawing ¥ ¥ drawing o
BTG drawing ¥ ¥ drawing i
P HR  drawing ¥ W« drawing i W
PO0 drawing _ drawing i W
P FO1 drawing ¥ ¥ 3:23::21 ¥
VA drawing _ drawing - i
] CO.. drawing & o s i
[W] ME1  drawing ¥ o Ny —
: drawing o
VIl drawing __ i

LA
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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

instance drawing v Vv

* You may need to turn the layer on (see prev.) || pendry boundary
* |[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)

FW'&IIIWWWWW

nnnnnnnnnnnnnnn
.................
...............

||||||||||||||||||||||||||||||||
wwwwwwwwwwwwwwwww

Inverter - Layout Top cell = Level = 0 Same Top cell — Level > 0
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= To measure, you can create a ‘ruler’ (k)

= F3 brings up the usual options form. ™  createRuler |G @& id
| usually disable all " entries. Keep Fuler
Muld-segment Euler =
» \When selected, the rulers are kept  snpbioae onhogonal [
(and stored for later!) SR00%e RMBE Snap Contrels
¥ Edge
= All rulers in a view can 2 veex
. . __ Certer Line
be deleted with shift-K ) N
— Nexis

— Any Begment Type
— An Paint Type
¥ Ary Target

__ 24id Paint of Distance Between 2 Targets

Snap Target Visualization Settings
Width (0}

Calor | Ivu 1low l H
lineStyle [ |thickLine | '
m Cancel Help
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» Play around with the layout editor:
« Get a PMOS and an NMOS (N_18 MM)
« 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 Taols Window QRC Optimize Help

AL A Run Assura DRC 2) v oA ()
@ = l @ 2 HI Q Open Eun... i mv,or] A& : RN 3
A ':ifpen Cell... 9 o Layout Design Source DFII ' Compare twao layouts = Generate [yl Gompare Rules,.,
\;) ‘ » “l (P)Select:0 Technology... I X:.055| Library W Cell twostages View layout Browse..
= Rule Sets... Save Extracted View _ View Name drc_extracted
Setup ’ . Area To Be Checked  Full B
Fun DEC...
Run altPSM... Run Name',  test Run Directory ~ /tmp/ASSURA-DRC-fischer i
Run LVS... Run Lacation lacal B
Fun ERC... View Rules Files —  Technology UMGC 18 CMOS ' RuleS¢- DRC
Open ELW
Open VLW View avParameters L Madify avParameters... 1 avParameter is set.
View Additional Functions = 1 additional function is set.
Enable limitDreCheck -

. 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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