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Manual and semi-automated layout

m There are two main ways to create a layout

e Standard design Flow (Automated) e.g. (Digital Design
Flow)

e Full custom layout — placing transistors and
Interconnects manually

m Today we will learn about custom layout, but there
are a number of ways of approaching this

e Pcells are parameterised layout cells, typically of
transistors and vias, which do the hard work for you

e Pcells create the transistor features automatically

e LayoutL allows you to place the transistors in your layout
from the schematic dimensions, saving time
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Learning Outcomes

After completing this unit, you should be able to:

1. Use LayoutL to place transistors in a layout
2. Construct a simple layout, step by step
3. Use the DRC checking tool

4. Search and explain errors
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Inverter Layout
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Set up the current working directory

1. Create aa folder for this lab and move into it

2. Copy the display.drf file to your working directory or alternatively
you can copy this file from the following location:

/home/esdcad/designkits/ams/v400/cds/HK _ALL/env

3. Type the following:

tcsh
source /opt/esdcad/scripts/ams_v400 tcshrc
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Where we left off

®m In the last lecture, you saw how to simulate your
Inverter test circuit.

Virtuoso (R) Visualization & Analysis XL
File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help (édeﬂ ce
v O M ¥ |Layout sut n # |l Classic = ljﬁ
Q 8 O Q » | Data Foint szonooom [ B2l (| e ) [remiy B BEE BTE (e

k21 window 4 £

ransient Analysis “tran’ time = 10 5 -» 50 s}
Wis|P
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Layout in Cadence

In this lecture you will learn
how to use the Cadence

layout editor, called
Virtuoso

A cell has multiple cell
Views

e You have already created
a schematic view and a
symbol view

e Today we will create the
layout view

All the Views can
be seen in
Library Manager

0 Library Manager: Diractory ...1912/6097/2ty_demo_new_cadence E]@E]
File Edit View Design Manager Help cadence
_ Show Categories — _ Show Files
Library Cell View
Library1 inverter_for_layout layout
A _CELLS TEST_RC View | lock Size
BORDERS O (TESTinverter
CORELIE || TESTinverter_1X sthematic 30k
CORELIE_3B TETinverter_layoutz syl 7k
GATES invetter
GATES 3B inverter _1x
IOLIBC_3B_4m inverter_for_layout
[OLIBC_AMA_3B_4m inverer_layout 02
OLIBYS_4M v
Messages

A I

CO T 15 "TMOMENE 1 27B09 /72ty _QBmo_few_Cauence anagel oy
Warning: dollpdateLinList It appears that you are rying fo run an OA executable on COB data. Library “amscdh_exes
Wammg ddUpdateLinList: It appears that you are trying fo run an O& execitable on CDB data. Library "amscds_ B

Lif: Library1 [Free: 1.84T y
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Create a new Inverter cell with fixed dimensions

m For layout, we need a fully
defined schematic

m The inverter schematic from the
last lecture does not have fixed
dimensions (we used pPar(*))

m \We must create a new inverter
schematic with fixed dimension
as follows :

e NMOS 4u/0.35u
e PMOS 12u/0.35u

m Create a symbol view for your
new schematic

Add Instance
Likrary PRIMLIE Browse =
Cell pmosd
Wiew symbol
Mames
o Add Wire Stubs at:
~ all terminals & registered terminals only =
Array Rows 1 Columns 1
42 Rotate \__ﬂh Sideways d Upside Doven
todel name modp
Width 12u M
Width stripe 12u M
Length 350.00n M
Mumber of Gates 1
MOS transistor shape normal B
Mumber of hends 1
Top Contact L
Bottom Contact L
Jain Gates right |9
Join all draing 4
Jain all sources v e
m Cancel Defaults | Help
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Create a layout view fro your inverter

m From the Library Manager, start LayoutL = New File x|
File
m Choose New - Cell View Livraty IEARN -
Zell inwerkter
Wy
O P i
m You need to create a I rpplcation
layout view from your =" | openwin  Layoutt 3
SC h em at| C EPE” E_T:U'O”'W--- croR [ Caeoon _ Always use this application for this type of file
Load Der;;ts... Library path file
S /home /bh9 fmydesign/cadence /ic6lab/cds. Lib

m Cancel Help

m Two windows will open, the LSW and the empty layout view
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About the LSW

. . Palette BEEa

m The layer selection window (LSW) shows TS
all the layers you can use in the layout R

m There are LOTS, however you will only EmEEE

kKRR KRREERRERER KK KKK R[Kf=] [

need to use the ones towards the top
(MET1, POLY1, NTUB, NPLUS, PPLUS)

m Each layer has a number of entries in the
LSW, the one you need to use is the
‘drawing’ layer ‘dg’

m The buttons at the top are useful:

e AV: all visible, NV: none visible
e AS: all selectable, NS: none selectable

CRERKKKEKERERERKEKER KK KRS
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Placing the transistors

m Add Instance
from the
Create menu

B You need two
transistor from
PRIBM lib with
the following
dimensions

e NMOS
4u/0.35u

e PMOS
12u/0.35u

R RN N 1
s

= Create Instance E]
Likarary PRIMLIE Erowse | =
Cell rimosd

WiEn layout
Mames I1

Mozaic Riows 1 Columns 1

Deltay 2.55 Delta X 0.8

Halo # Define Halo ... | -
Physical Only _
\ Sk Rotate \ il § Sideways | %Upside Down |
Kodel narme modn
Width 12u M
Width Stripe 12 M
Length 350.00n M
Mumber of Gates 1
MOS transistar shape DM
Mumber of hends 1
Top Contact [
Bottam Contact o
Jain Gates right n
Join all draing ~
Jain all sources % =

m Cancel Diefaults Help |
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electing the display layers

m If you cannot see the transistors, you may not have
enough layers selected.

Display Options [x
Display Controls Grid Controls

¥ Open to Stop Level L) Mets Type  _ none @ dols o lines

1 > 1 I Axes L Access Edges Dim Major Dots
. O O I S p ay- O p I O n S _ Instance Origins __ Instance Pins

& EIF Surround | Array lcons I SfPEEy
¥ Pin Mames ¥ Label Otiging Major Spacing 5
. _ Dat Pins __ Use True BBox X Shap Spacing 0.005
m Change settings as below MaEgesions Gk Qor || ¥ srup gty \0-08
__ Stretch Handles __ Row MName
_| Via Shapes __ Row Site Filter
& Dynamic Hilight & True Color Drag size |6 Styls emply n
& Dragged Object Ghost _ Transparent Group
Layout L Editing: Library1l inverter_for_layout * layout. - o i B
Launch Eile Edit Wiew Create Verify Connectivity Options Tools Window Assura GRC Opfimize Help cadence — | TIEETRIET| IS 1SS Snap Modes
B Gl e b O 5% . = = Maximum Drag Level 32 Create orthogonal n
\'fh «,.‘,.', g -—E—- oy \Qé\ o) o) » || (F)Selecto Seipn Self)0 Sel(@)0 | ¥%:21.2800 V144000 dX: dV: Dist Cmdl tdaximum Mumhber of Drag Figures 500 Edit orthogonal n
- ]
Scroll Percent 25 o
o Valid _ Used _ Routing Dimming
Q > Instance Drawing Mode  BBOx B Enable Dimming L
(B[ TUB drawing B
AV NV A5 NS Path Display Barders and Centerlines n Scops Ui
TN EEEE . | Dim Grid Lines
piliayers ()= Set LPP Visibility D0 not check validity n
fAutomatic Dimming v
Show Mame OF o instanc aster o hath
Dim Intensity
atray Display ]
2 Full
_ Border Cim Selected Object Content
~ Source True Color Selection anly

& Cellview o Library WS" ~ File ./ cdseny Browse...

Save To Load Fram Delete From

Ohjects E)

Objects

i~ Instances
Fins

- Vias

@ cercel Derauits | Apply | Help

Ohjects

mouse L: mousesingleSeleciPl) _lelLVEPress() M: [eHiDelete() R: _IkHilinusePapLUp0
50 | > | cma:
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Customising the pcells

LayoutL has traversed our
schematic and figured out that
we have two transistors

e NMOS 4u/0.35u
e PMOS 12u/0.35u

It has saved us a huge amount of
time by creating the transistor
structures for us using pcells

We can customise the way the
transistors have been generated
by looking at the properties

Change the number of gates to
£3!

todel natme

idth

Width stripe

Length

Mumber of Gates
MDS transistor shape
MHumber of bends
Top Contact

Bottom Contact

Jain Gates

Join all drains

modp

12u M

du M
350.00n M

3

nnarmal n

m _ancel | Defaults /| Help
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Customising the pcells

Bl Layout L Editing: Libraryl inverter_for_layout * layout —|[o)[x
Launch File Edit ¥iew Create ‘Verfy Connectivity Options Toals Window ~cadence
m The pcell has been Jo B e 0% A0 G T e B
regenerated with three DR RAIAL o onen e w0 o
gate strips. e
A\TTUBSSWQAS N3 '
m Play around with the s
properties of the pcell, to
see how it affects the
generated transistor
m You can see that the e < 4
PMOS has an nwell S < o
around it Eme
5(;n)o|us>e L: mousesingleSelectPt)) _leiLMBPress() h: leHikdavel) R: _IxHiM0use|3|‘og:z:0J
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Basic layout operations

m Move items using ‘m’
m Stretch using ‘s’

m Move around layout with
arrow keys

m Right click zooms as usual
m Shift ‘2’ zooms out
m Fit the layout with “F

m Control ‘d’ deselects
everything (very useful)

m Create a rectangle with ‘r’

Create a via with ‘0’

Create instance with ‘I’
Create a path with ‘p’

Create a pin with control ‘p’
Chop with shift ‘c’

Split with control ‘s’

Add ruler with ‘K’

Delete all rulers with shift ‘k’
For options press F3
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Learning Outcomes

After completing this unit, you should be able to:

1. Use LayoutL to place transistors in a layout
2. Construct a simple layout, step by step
3. Use the DRC checking tool

4. Search and explain errors
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Back to manual layout

@ Now we have used LayoutL to create the
transistors, we will do the rest manually.

m Stop LayoutL by saving the layout, then closing it
and opening from Library Manager

Library Cell View

Likwraryd inverter_for_layout layout

LEADFRAMES TESTinverter_1% View -~ Lock
TESTinverter_layoutz ! tz1 g1 2i@hind.ecs.soton.ac.u

Library2 inverter schematic

Library 3 =|  |inverer_1X _ symhal

PacCkaGES inverter_for_layout =

FRIMLIE inverter_layout_02

FRIMLIERF v zpoellsCRATCHT hyvogsa1 2782 i ;:' i -_

m In the case of an inverter, it is probably just as easy
to create the transistors manually.

m LayoutL is useful for large schematics
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Creating the inverter layout, step by step

m To begin with we have the
PMOS and NMOS transistors

m Make sure they are in line,
and 3.3um apart

m Use rulers ‘k’ to measure

m If you need to flip the PMOS,
use ‘m’ for move, then press
F3 and in the options form
press the ‘sideways’ button

E}‘ Layout L Editing: Libraryl inverter_for_layout layout =[O
Launch FEile Edit ¥iew Creale “erfy Connectivity Options Tools Window »cadence
2 d s e |®0E@XEQER »[Q [ = |ces: B
'*h < g ol 105% |‘~f| ':| O]  » ||(Fselectn Seiy0 Selfj0 Sela)o |
Palette 7E X
Layers

# Yalid _ Used _ Routing
q n - . . .

:NTUB drawing n . . .
aY P A3 M3

Hame | Vis| Sel| S
All Layers  |[+][- ][+ I
+| =l +] -
TR [
M M=
o v o
dry @ &
drw ¥ ¥

B MD0K  drw ¥ @

BE HRES drw o o

B roLy drw o W

EroLv:  dw v

[ ConT drw o W

I ETT drw o o

B ET pin ¥ ¥
Objects X

Objects | \"'| ] 5]

i Instances ¥ W=
& Pins ¥ ¥
:s---Vias v ¥
Objects Grids I
mouse L: mouseSingleSelectPt]) _leiLMBPress() t: leHitove() R: _lxHitousePopUp

5(6) | = | cnd: ]
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Creating the inverter layout, step by step

m Draw the metal vdd and gnd

Layout L Editing: Libraryl inverter_for_layout * [ayout

Launch File Edit ¥iew Create ‘erify Connectivity Options Tools Window ,,(édeﬂ(e

p at h S |ty B - | el & B

Palette 78 X

m Make sure that MET1dgis e
selected in the LSW

: MTUE drawing n

AV WY AT NS
Hame | Vis | Zel|
All Layers  |[+]=J+][-IE

m Use the path command ‘p’ to ¢
start the path, and press F3
to bring up the options

m Set the width to 1um

m Make the paths 0.7um

=2 E Il % @ |"% G [ $ :__---R: O |% » I‘u( » :"'0" » ||| Classic n»

» || (FiSelectd Sel(h)0 Sel:0 Sel(Oy0 |

above/below the other MET1

ouse L: mouseSingleSelectPt)) _leiLMBPress()

5(5) | save

t: leHiDelete() F: _l<HitousePoplp(

| cria ]
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Creating the inverter layout, step by step

Layout L Editing: Libraryl inverter_for_layout * layout

Launch File Edit Wiew Create Verfy Connectivity Options Tools Window »cadence
. EXtend the N tu b e Jlls e |¢{}o O Mm% 2R H.\ » __:"'0“ » || Classic n»

rl% << ﬁ -ja_g% |[,_ga| 'ﬁ| oj » || Eselecto seip sellye Sel(0)2 |

m Select NTUB in the LSW e |

. éald _Us.ed _Roiltmg |

m Draw a rectangle with ‘r’ R |
m Draw the N tub from the top
left of the vdd MET1 to the
bottom of the N tub
generated by the PMOS
pcell R —

5(;ﬂ)0|us>e L: mousesingleselectPt)) _leiLMBPress) I leHiDelete() R: JXHiMDUSETDgﬂEQJ

School of Electronics and Computer Science, University of Southampton, UK 22



Creating the inverter layout, step by step

Layout L Editing: Libraryl inverter for_layout * [ayout

Launch File Edit Wiew Create Verify Connectivity Options Tools Window »cadence

m Extend the PPLUS @2 ¢ 3 EEAFOE 204 0% ricer B2

7% R LV AT (FiSelect Selt0 Sell)d Selo)0 |
Palette 78X '

m Select PPLUS in the LSW ot s
€y e
m Use ‘r’ to draw the rectangle i |

shown 0

m Extend above the PPLUS
generated by the PMOS pcell
by 0.5um

Ohjects 8%
Objects [LMS ]

i Instances FECIE

H . b

- Pins v ¥

L g v ¥

mouse L: mousesingleSelectPt]) _leiLMBPress( t: leHiDeletel) R: _lsHitouseFopUpd
() | DRD Matify | Cd: J

School of Electronics and Computer Science, University of Southampton, UK 23



Creating the inverter layout, step by step

L-:_«] Layout L Editing: Libraryl inverter_for_layout * layout —||Oj|%

Launch Eile Edit Yiew Create Verly Connectivity Options Tools Window »cadence

B Add tapS tO the PPLUS | S 19 ¢ (% 0MXE0E »[|Q »|% » M:

- g - % | Q444 B » (F)Selectﬂ. SeI(N):D”SeI(I):D Sel(0)0 |
Palette 78 %

[P Layers 8%
. P ress o fo r ad d co ntact ¥ Yalid _ Used _ Routing
Q =
: NTUE drawing nn

AV NV A4S M3

m Select the ND contact ’ e

All Layers | +][-+]- IE

A

m Choose 8 columns
m Place the array centrally
above the existing PPLUS by
0.1um T —

5(:)0|us>e L: mousesingleselectPt]) _IeiLMBPress() I: leHiDeletal) R: _IxHiMDuseTDgizf)J
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Creating the inverter layout, step by step

Layout L Editing: Libraryl inverter_for_layout * [ayout

Launch File Edit Yiew Create Verify Connectivity Options Tools Window »cadence

m Extend the contact NPLUS =8 @ cif nmxmQR »ih % e B
..”‘[Q x,.ﬂ'J g '.0_51% |'1b| El El i (FiSelectd Sel(Ny0 Selfy0 Sel(0)0 | »
Falette 78X

m Select NPLUS in the LSW éf:??_med_muin;‘
[ TUE drawing nn

AY NV Al NE

m Draw a rectangle ‘r’ from the e
top left of the vdd MET1 to
the top of the PPLUS

Objects

Objects
b Instances
- Ping
Wias

Kl s =

LAY
i

=

Objects | Grids ]

mouse L: mousesingleSelectPt)) _leiLhBRress() td: hilindag) R: _lxHitousePopUp()
5(e) | > | cmdt
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Creating the inverter layout, step by step

[] EXtend the NPLUS arOU nd S fle SO wew e CDﬂ”EC“V‘W_thions Tools ,cadence

= |Gl e |4 O @ % » 14 ”..":"5 » |||Classic @ »
the NMOS I < & -+ & | @ &vl D » || Fselecto sei0 Selfho  »
m Select NPLUS from the LSW é"n |
m Draw a rectangle with ‘r’ s |
o R
m Join it to the PPLUS of the v % N
PMOS
8o e
m Finish 0.1um below the EE:E?
NPLUS generated by the B o 2
NMOS pcell o [ s
e

Prasel:  Inst  Mame('lD)  Cellame("nmosd")

mouse L: mousesingleSelectPt() _leiltMBPress  M: leHiDelete  R: _IxHitouseFoplp( .
58 | = | cmd:
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Creating the inverter layout, step by step

L;_«‘ Layout L Editing: Libraryl inverter_for_layout * layout — || O]
Launch FEile Edit Yiew Create Verify Connectivity Options Tools »(éde“ce

m Place the NPLUS contacts @i« c@mx o9 % . B

a g }551% |'L.__,__9°| ZI o] » || (F)Selectn Sel)n Seig)D

Palette 78X
Layers x| B

1 )
m Press ‘0’ for contact T
Q -~ N
: MTUE drawing nn
AV [ AS ME .
Hame | Mis | Sel]
All Layers +[-1+1[-[E

m Choose the PD contact

m Set columns to 8

m Align the array centrally and
0.1um below the NPLUS

wt
[llb e

Objects
Objects |
b Instances

LYY
L]

T

=

E
KKK =

@
=
2

Objects

mouse L: N R: .
56 | = | crnet: [
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Creating the inverter layout, step by step

Layout L Editing: Libraryl inverter_for_layout * layout

Launch File Edit View Create Yerify Connectivity Options Tools ,cadence

m Extend the PPLUS around P e T

(e <2 # -1 % | @ vl D e _(F)Seh‘a-ctﬂ Sel(yi0 Sel(l):0
the contacts T —TE -

Layers I
o valid _ Used _ Routing | [

m Select PPLUS from the LSW a5 |

&Y MY &5 MNE

Mame | Wis | 3el|
Al Layers |[HEEEEE] B

m Draw a rectangle with ‘r’

W TUE W

7]
. DIFF oW ¥ |
m Start from the bottom right of [g: w::
[ FFLUS dny W
(R DO drw W W
he gnd MET1 and join to the [§=, u::
the gn and join to the @ wi?
B FOLvz dny W W
[ COMT dny W W
NMOS NPLUS e
B ET1 pin ¥
e dny W W
N METZ dny W W
(| METZ pin ¥
. e il (Vv
Ohjects & x
Objects I =
----- Instances ~ (=
..... Pins » !\"
..... Vias ¥ v L
mouse L: mouselingleSelectPt] _leiLMBPress( hd: hillndog) R: _I=xHitousePoplp(
s | > | crnd: I
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Creating the inverter layout, step by step

Launch FEile Edit View Create ‘Verfy Copnectivity Options Tools ,cadence

m Add metal connections o dle g+ 082 2|3 21% e B

Iy < 8 -+ &6 | @4 (¥ B » || (Fiselectn Selyo Selipo »

Palette 70X

m Select MET1 dg in the LSW qn |
e |
Al Layers B

m Draw path with ‘p’

m Press F3 while drawing the
path to get the options box =

m Change the width to 0.5um B,

iS22 5222222 2L 1

=}
]
=
=
fr M e N v I N w N w R w I w I w R w A w R w R v )

m| L&
i sl |

m Draw the paths as shown =

Objects

o
=
3
2 KKK =

[

SRR e

o
ez

]

]

mouse L: mousesingleselectPt) _|eiLMEPress(  M: leHiDeleted  R: _l<HirousePopUp
5(8) | Redo | cma: ||
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Creating the inverter layout, step by step

Connect the gates
Press ‘0’ for contact
Choose P1 contact

Place as shown

gates to contacts

the contacts together

School of Electronics and Computer Science, University of Southampton, UK

Add POLY1 path to connect

Add MET1 path to connect

l;_" Layout L Editing: Libraryl inverter_for_layout * layout — |0 x

Launch Eile Edit Yiew Create Verify Connectivity Options Tools ,,cadence

= g @ |c{}:> O @ %8 » ||Q » |78 » ||[Classic B>
| Ly %) g % | GH Ay O | (Fyselectd Sel(hy0 Selily:0
Palette 78X
Layers X
» Walid _ Used __ Routing
Q -
[ NTUB drawing B
AN ek ok RS
Hame JMis | Sel|
Al Layers + =+ - \i
+]zilx=]iEd
Laver B d @l s
| MTUE drw v W]
B orr W o | |
W NPLUS  dw v @[
[R] FFLUS drw W W
(B D0 drw W W
B HRES drw W W
| e drw W W
B PoLvz drw W W
] coMT drw W W
] HETT dhy W W
B 11ET1 pin ¥ W
a1 drw W W
[R8] METZ drw W W
(] METZ pin ¥ W
[ AT [ LA TTRRIY e
Ohjects 50X
Objects VLS
- Instances ¥ W=
e Ping v v
L Vias o W
Ohjects Grids
Presel:  Rect Lawer"PPLUS" "dra™)  Width("7.5250"  Height("6.3000")

R: _lxHikouseFopUpi) .

| cd: |

30

mouse L: mouseSingleSelectPt]) _leiLkBEFress)
5@ | >

td: leHiDeletel)




Creating the inverter layout, step by step

Launch Eile Edit Wiew Create Verify Connectivity Options Tools ,cadence

=z G T |ﬁj}9 |_1::] L:LJ ® »-I::\:{ » :]E » ||| Classic n »

H Ad d M ET2 CO ntaCtS lfh x.}.‘,g - | @ &¥ O] » || (F)Seln.elct:D SeI(Nl):IZI self0 »

Palette 78X

m Press ‘0’ to add contact -

(] HTUE drawing [~ ]

A MY A5 ME
Hame | Wis | Sel|
All Layers  [[+][=]l+][=]

m Choose VIAL contact

4| =[]

[ i

m Place as shown R
DIFF oW o |
(B MPLUS dry W W
[R] PPLUS dry W W
[R] MIDOK drw o W
B HRES dry W W
B roL dry W W
[E# POLvz drw W W
[ conT dry W W
I 1ET1 drw W W
B 11ETT pin ¥ W
[ 11 dry W
(RN METZ drw » W
(B9 METZ pin v W
[ R [A L LY R s
Ohbjects g x|

Objects | V| 5]
i Instances ¥ w[=
- Ping ¥ ¥
:»----Vias ¥ W

ooects [ ands [ I

|| Preser  inst Mameri0)  CellNamenmos4")

:_-mouse L: mousesingle3electPi)) _leiLkBFress)  M: leHiDelete)  R: _lxHibousePoplp)
5i) | > | cma:
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Creating the inverter layout, step by step

m Add LABELs.
m sSelect ‘Create’ — ‘Label’.

m Add ‘vdd! first. Make sure MET1 is selected for
vdd/gnd, MET2 for A/Y.

|| Create Label *

m You must name the nodes to match with the
schematic view: A, Y, vdd! and gnd!.

Mode & Manual o Auto

Label (Pattern)  wdd!

m  Generally, the labels are created for metall layers. g “7" 2™

— Use current entry layer

In the Layers tab select the layer PIN metall.  Use sane laer s shape, selectppose dIavng

— Auto (Using stamplLabellayers section from technology file)

m If you feel necessary, change the Height size to |~ W
about 0.5. Label Options

Font  stick -] Height 1 Justification (centerCenter B
» Drafting __ Atftach
m Important: Do not forget to select the j-oe 2 Expan
o Keep Labe
layer PIN metall before you create the label. For §
instance, in the figure, we have vdd! with metall. J| - e seecencecs 2 futs Zoom O

Therefore, we have selected PIN metall in the o sip
Layers and just after that we have created the §
label. Note that in the figure, the '+' defines the | sevee  eteee @

layer that is associated to the label. LSk foie Ak sieways | Steside Dovn
m _Cancel  Help E
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Learning Outcomes

After completing this unit, you should be able to:

1. Use LayoutL to place transistors in a layout
2. Construct a simple layout, step by step
3. Use the DRC checking tool

4. Search and explain errors
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Running the DRC check

@ Now you must check If

there are any errors in your
layout, that is, you have to
perform the Design Rule
Check (DRC).

In this tutorial,
the Assura software will be
used. Thus, select Assura —
Run DRC in the layout
editor.

REEEEN CRC Optimize  He

Cpen Bun...

Cpen Cell...
Technology...

Fule Sets..

Setup b
Fun DRC..

Run altFsna...

Fun L¥5..

Run ERC...

Cpen ELW

Cipen WLW

L%5 Debuy Eny...
Wiey Metlist...

L% Errar Report...
Erabing...

Short Locatar...
ERC Erowser...
RFun GRC..

Close RBup
Substrate &C Analysis...
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Running the DRC check

m For now, just specific rule validations will be checked. A group of rule
validations is commonly known as switches. You can find them in the
window Run Assura DRC. To define the switches you should select Set
Switches and then with the CTRL key you can select more than one
switch. Some key information about the technology we are using in this
tutorial:

m  Until the final stage of the layout of circuit, one can use the
switches: no_coverage and no_generated_layers.

m During the phase that we are more interested in the drawing rules
violation, one can use also the switches: no_erc andno_info.

m All the other DRC parameters must not be changed.
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Running the DRC check

m If you repeat the DRC and if -
there is already previous data, /. The DRC data already exists for “invertr_for_layout® in * /Assura®
select OK to overwrite and OK to o e ‘il .
stop seeing the current one. After [
that, select Yes to display the
results.
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Running the DRC check

[ Run Assura DRC x|

Layout Design Source  DF n Compare twa layouts Generatellyl. Compare Rlles.. )

Libra verter_for_layout  View layout Browse... |
_ror_

ave Extracted View _ View Name  drc extracted

m Inthe RUN Assura DRC window:

1. The Cell name should be the same as your
Run name. un@ter_for_layout HunDDctory . fhssura =y
2. Technology should be chosen by c35b4 wntocater oeel_

Area To Be Checked f“”—n

3. The design rule file should be ViewRules Files ¥ Technoogy  c3sn4 @ Rule set eraut [
. — Rules File tkits/ams vd00/assura/o35hd /odbhd fdre. rul Wigw... Reload
home/designkits/ams/v400/assura/c35b4/c35b4/ Swich Naeg_ ‘no_coverage no_generated_Layers Set Switches
d rc. rUI /Wnkits/ams/vdlDD/assura/cSSb-’-l/cSSb-’-l/DRCinclude_ raf Wi, .
4. Select the switches no_coverage and e e pen e
' - J tone_§3
no_generated_layers
Wiew avParameters  _ | tadify avParameters... 4 avParametars are set,
Yiew Additional Functions kad Mo additional functions are set.

Enable limitDreCheck e

m Cancel /| Apply /| Defaults | Load State | Save State || Wiew RSF | Help |

School of Electronics and Computer Science, University of Southampton, UK 37



Running the DRC check

m Ideally you should get no DRC errors!
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| ots of errors

m But you will typically get many, many errors

m Thisis normal —one small thing can cause many

Ky Error Layer Window =l
File Wiew Error-Visibility  Show Error by Help |
|:| [1] EAD SUESTR SUETAP MULTCONN ERC ’v—

Av| | e =2 al

[1] irmverter_layout_02 layout Libraryl —

[ | [1] BAD SUESTR SUETZP MULTCONN ERC —

[1] PO51 Minimum POL¥1 spacing = 0.45 notch

| [1] POCl Minimum POL¥1 to DIFF spacing = 0.2
[ [1] coc2 Minimum POLY1CON to DIFF spacing = (.4

[2] M1¥] Minimum MET1 width = 0.5

[1] M151 Minimum MET] spacing = 0.45
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How do we find the errors?

m You can select a fault and click on the arrow
and the tool will zoom in to the locationf of

your specific DRC error.

Error Layer Window

File Wiew Error-Visibility  Show Error by

[ ] [1] BaD SUESTR SUETAP MULTCONH ERC

4| ¥

[ | [1] BAD SUESTR SUETZP MULTCONN ERC

—

[1] PO51 Minimum POL¥1 spacing = 0.45 notch

[1] POCl Minimum POL¥1 to DIFF spacing = 0.2

[2] M1¥] Minimum MET1 width = 0.5

|
|
[ [1] coc2 Minimum POLY1CON to DIFF spacing = (.4
|
|

[1] M151 Minimum MET] spacing = 0.45

E___

>

[1] irmverter_layout_02 layout Libraryl
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How do we find the errors?

m |In this case: contact is too

close to the diffusion.

m |[f we want details on an

error, use the explain
marker tool then click on

the error.
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How do we find the errors?

m This will list the reason for all markers which are
beneath the place you clicked

[1] BAD SUBSTR SUBTAP MULTCONM ERC
[1] POS1 Minimum POL¥1 spacing = 0.45 notch

[1] POCl Minimum POLY¥1 to DIFF spacing = 0.2

|

| [1] COC2 Minimum POLYICGON to DIFF spacing = 0.4
[ [2] mMiwl Minimum MET1 width = 0.5

[ | [1] M5l Mindimum MET] spacing = 0.45

m You can check the correct spacings, then using a
ruler ‘k’ you can correct the layout
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DRC Examples

CPU TIME = 00:00:01 TOTAL TIME = 00:00:04

*eekkkkk - Summary of rule violations for cell "counter4bit layout" **xxxkxkx
# errors Violated Rules

2 INFO: hot nwell

1 Label/Pin is on a net with a different name

1 M1R1 Minimum density of MET1 area [%] = 30

1 M1S1 Minimum MET1 spacing = 0.45

1 M2R1 Minimum density of MET2 area [%] = 30

13 M2S1 Minimum MET2 spacing = 0.5

1 M3R1 Minimum density of MET3 area [%] = 30

1 M4R1 Minimum density of MET4 area [%] = 30

5 ODC3 Minimum NDIFF to HOT_NTUB spacing (no PTAP in between) = 2.6

1 POR1 Minimum density of POLY1 area [%] = 14

27 Total errors found
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DRC Examples

m 2 INFO: hot nwell

One of the reasons for this errors VDD is not connected to
the N-well

For digital design: the best bet is to create a new layout cell
view, that you instantiate the imported cell into, that
connects VDD and GND correctly.
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DRC Examples

m Multiple Stamped Connections
You may have a short through the substrate or nwell

This kind of error might indicate that you have more than
one well contact, with the metal connected to different
nets. This means you've got a "soft connect" through
the well (not quite a short, because the well is resistive).
It may be that you're making a connection via the well,
which is almost certainly not what you want!
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DRC Examples

m Latchup rule LAT3 distance s/d diff pgate
net_welltap > 20

m This error could be generated if the distance between
the s/d region and the welltap is larger than 20. To
avoid such an error, keep the distance btween your
transistors and VDD or GND less than 20
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What about the metal minimum area errors?

® M1R1 Minimum density of MET1 area

m This means that the amount of metall shapes in your
design is less that 30% of the chip area. 30% Is the
minimum required. Density is very Iimportant for
planarity and pattern etching. It is important to avoid the

dishing/
erosion in the modern nanotechnologies with Copper
BE.

m In fact the vendor will solve this problem by adding
'‘dummy’ MEtlshapes into your layout.

® In our case, use the no_erc switch when you do DRC
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Summary

m LayoutL can be used to automatically place the
transistors in a layout

m There are many shortcut keys to learn for layout

m The DRC check and error correct cycle takes the
majority of your time during layout

m DRC errors can be viewed on the
layout directly and then explained,
or searched for

m There are many many advanced
layout techniques
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Lab: Layout

Objective: Create the
layout for your
Inverter design. DRC
check the design and
correct errors until
the design is error
free

Place transistors in the layout

Use simple commands to built the
interconnects and required layers

DRC check the design

Examine and correct DRC errors
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