EE290C: 28nm SoC for loT

The Layout Lecture: Virtuoso Lecture
Kris Pister, Borivoje Nikoli¢, Ali Niknejad




® Please do not post these slides on the Internet. There are no “secrets” in
these slides, but they contain some actual layouts from protected
technologies.



Topics

Part 1

Part 2—

—

® Layout of a FET 3T
® Dimensions, fingers, dummy
* DFM
®* PMOS vs NMOS
® Body contacts 4T
__®* DNW and 5T and 6T transistors
— ® Analog Layout

®* Matching

®* Common centroid
®* Symmetry
® Unit Cell Concept

® Current Source

—® Differential Pair

Part 0: The virtuoso basics (this lecture)

Capacitors
— Love your MOM

Resistors

More arrays

Inductors
Electromigration Rules
Antenna Rules

Examples:

— DAC

— Op-Amp

— Tiles of blocks

— Pin placement

Layout Hierarchy vs Schematic

—

—

Part 3



https://ucberkeleyee290c.github.io/sp21/

Layout Tutorial: Overview



Layout

® Lienig, Scheible, “Fundamentals of Layout Design for Electronic Circuits,” Springer 2020.
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Lienig, Scheible, “Fundamentals of Layout Design for Electronic Circuits,” Springer 2020.
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Layers
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Lienig, Scheible, “Fundamentals of Layout Design for Electronic Circuits,” Springer 2020.
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Processing

Physical Design

Structures with Structures with
electrical functions non-electrical functions
Company logo
Chip layout data p_ s Product
- Copyright g
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Finishing Layer revision
) Scribe lines with test patterns for process monitoring
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Fabrication 37
————————— X —|= | data % Alignment marks
€
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Layout =4
(s) Scribe line monitor £
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Layout Tutorial: Virtuoso Layout
Environment



Cadence Environment

idit View Search Terminal Help - Virtuoso ® Layout Suite L Reading: dec20ESRTop Top_FinalTO_v2 layout (on bwrcr720-8.eecs.berkeley.edu) - o x
7
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/de -l dec19ESRTOP tiles_beol TOP_bias_dac_v2 H oo drw ¥ ¥
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. Objects 51X
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LLl dec20ESRToo BEOL __ |ITOP bias mirrorUnitRouting noM10 hd Vias ¥ ¥
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Messages [} Shapes v v
Li aglen rrom the same tile [efined eanier.) Mosaic v ¥
Waming: The directory: Ytools/projects/luya/proj/TSMC28/COSIM’ does not exist Rulers 7
butwas defined in libFile "/tools/projects/uya/projTSMC28/cds.iib’ for Lib TOSIM:, - AMarikers ¥ 2
Waming: COMBINE attribute library not defined Fluid Guardring v
Iibraij. ‘phnZShpmgvf»SjDD.a file: “/tools/projects/luya/proj/TSMC28/cds.lib', line: 51 Fluid Shapes :
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[€] Virtuoso® 6.1.7-64b - Log: /users/niknejad/CDS.log.1 (on bwrcr720-8.eecs.berkeley.edu) - o x

Fle Toods Options TSMCPDK Toods TSMCPDK DNATods Help C é dence

Elapsed Time: 1.3s User Time: 8.5s CPU Time: 8.4s Peak VM: 568036KB

INFO (XSTRM-234): Translation completed. '8' error(s) and '3' warning(s) found.




Testbench Example

cadence

lanch Fle Edt View Create Check Options Window Calibre PkView Help

Fle Edt VI

~ OBJECTS Qo i3~
al eS|
Nets 21
Pins
Ne..ns

~ GROUPS
Cells
Types

0 |h
Property Editor

mouse L:

5(6) | Wire name 'CTRL<5:141:8>'

Schematic Cell

Q 1T T b T T T L
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Schematic Cell

® Testbench can have “analog” components but the sub-cell should only

contain technology library cells (or your custom cells)



Layout View ...

Virtuoso® Layout Suite L Reading: andrewStagingLib_120G TOP_bias_dac_groupOf36withMirror layout (on bwrcr720-8.eecs.berkeley.edu)
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Layout Cell
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CIW Window

TOP_LO_
TOP_kias
TOP_bias
TOP_bias
J TOP_kias
I |ToP_bias
TOP_bias
TOP_kias
TOP_bias
TOP_bias
TOP_kias
TOP_bias
I | TOP_bias
2 ITOP bias

iIM" does not g
o TSMC28/c

“SMC28/cds.lig
SMC28/cds.lib)

IC28/cds.liD’, li

Hle

Library Manager...

Library Path Editor...

NC-Verilog...

VHDL Toolbox...

ADE Assembler

ADE Explorer

ADE Verifier

ADEL

ADE XL

Viva XL »
AMS »
Behavioral Modeling 4

Technology File Manager...
Display Resource Manager...
Abstract Generator...

Print Hierarchy Tree...

Set Cell Type...

CDF »
SKILL IDE...

SKILL APl Finder

Conversion Toolbox..

Uniquify...

Create/Update gg_vams Views...

Import ADS Ptolemy Models into GoldenGate...
ADS Dynamic Link

WL.7-64b - Log: /users/niknejad/CDS.log.1 (on bwrcr720-8.eecs.berkeley.edu)

Options TSMC PDK Tools TSMC PDK DNA Tods Help

s

/

®* Every Cadence session has this window. This is the main
window. There’s a log file attached to this window in
case something goes wrong.

® All Cadence commands generate function calls inside this
environment (even GUI). You can type commands here
or use the menus.

®* Cadnece uses a language called SKILL (and SKILL++) to
do almost everything. SKILL is like LISP dressed up in C.

® SKILL is very powerful and fast inside Cadence

nmouse L: mouseSingleSelectPt() M: ddsOpenLibManager()

cadence

INFO

(XSTRM-234) : Translation completed. '@’

Elapsed Time: 1.3s User Time: 8.5s CPU Time: 8.4s Peak VM: 5686836KB

error(s) and '3’

warning(s) found.

in

nmouse L: mouseSingleSelectPt()

M: ddsOpenLibManager() R: _IxHiMousePopUp()

1|>

[
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ut Suite L Reading: dec20ESRTK

nectivity

}

o

|

Environmental Setup

Toods Window Assura

R Display... E » m
— A

Editor...

Selection...
Magnifier... '
DRD Edit...
Highlight...

Dynamic Display...

EECS290C LO7 LAYOUT

Layout Editor Options (on bwrcr720-8.eecs.berkeley.edu)

Editor Controls
# Repeat Commands

Display Reference Point

[<

Auto Set Reference Point

& Recursion Check

Maintain Connections

Abut Server

# QCell Auto Abutment

— Select Created Object

» Rotate Around Combined Center
& Flip Around Combined Center
& Turn Off Infix In Smart Snapping
Use Layer Palette LPPs Only
Check Large Coordinates

| Palette LPPs Display Order

Dis

y Active LPP in For

Instance Editing Mode

BBox B
Half Width Check off n

Conic Sides

Gravity Controls
— Gravity On

Distance
Medium
L)

— Selectable Objects Only

Tap
Auto Tap @ Wire __ Shape

¥ TapLayer
¥ Tap Attributes
¥ Select from Overlaps
— Include All (Wire) Via Layers

Tap Purpose List drawing

Snapping
__ Instance to Row

Wire Snapping
Wires Manufacturing Grid n

File ~/.cdsenv

Save To Load From

OK

Cancel

Wire Editing
Wire
Default Wire Constraint Group

virtuosoDefaultSetup n

Via Parameters Calculation Mode

Minimum Rules n

~ Auto Merge Wires
— Allow Loops

— Adjust Edited Vias Parameters

Create Via
Via

Same as Wire n

Via Parameters Calculation Mode

Min Rules & ViaDef [~ |

Browse... |
Mo

Defaults /| Apply Help

Display Controls

& Open to Stop Level
~ Axes

— Instance Origins

Instance Orientation

<

EIP Surround
Pin Names

Dot Pins

<

Net Expressions
__ Stretch Handles
— Via Shapes
Transparent Group

Selection Hint
Scroll Percent
Instance Drawing Mode
Path Display

Set LPP Visibility Mode

— Nets
__ Access Edges
Instance Pins

— Arraylcons

¥ Label Origins

Use True BBox

Cross Cursor

Row Name

Row Site

» Dynamic Highlight

W Dragged Object Ghost

Traversed instance BBox

25

BBox B

Borders and Centerines n

Donet check validity n

Show Name Of _ instance & master . both

Array Display Display Levels
& Full
Start @
« Border
« Source Stop 32
Zoom/Pan Controls
Dynamic Zoom . off & on
Mode Pan To Selected n
Zoom Scale (%) =l
U,

& Cellview o Library

« Tech Library ' File

Save To Load From

Minor Spacing 1
Major Spacing 5

X Snap Spacing 8.1
¥ Snap Spacing 8.1
Resolution

Medium

U

Highest Resolution for P&

Snap Modes
Create orthogonal

« dots ' lines

Edit orthogonal

Dimming
— Enable Dimming

aCope \none

Dim Grid Lines
¥ Automatic Dimming

C

m Intensity:

Content

True Color Selection only

~/ .cdsenv
Delete From
Cancel Defaults /| Apply

Browse... |
N

Help
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Library Manager Window

®* Optional but very useful

® Each library is a
database of cells.

® Each cell can have
multiple views, such as
schematic, layout, and
symbol

® You can open/close and
copy cells / libraries here

® Use the very powerful
copy hierarchy command

with caution

EECS290C LO7 LAYOUT

Library Manager: Directory ...ools/projects/luya/proj/TSMC28 (on bwrcr720-8.eecs.berkeley.edu)

Hle Edit View DesignManager Help cadence
__ Show Files
Category Cell View

v B- v -|lv B-
—lf_.\.: andrewStagingLib_120G w | Everything -f-;, Inverter_Small - -E.: layout b

4 ESRonChip E Everything InputBuf View | Lock | Size |

- 4F ESRonChiplmplant = Uncategorized Inverter_Small calibre_RCc 307k

- lalal T528_Padlib_SerDes misc Scan_InputBuf wGrid schematic 32k
& lekd andrew rx Scan_OutputBuf wGrid symbol 23K

®® andrewStaginglib_120G |8 tx TOP
“oo Ll andrewStagingLip_120... | TOP_LO_routing_scrap

- lkd bagGen TOP_bias

- |kl bagPLL TOP_bias_dac

B ldd dec17 TOP_bias_dac_groupOf36

B} lalad dec19 TOP_bias_dac_groupOf36with Mirror

Me

| N

Ll dec19ESRTOP
-l dec19ESRTOP tiles_beol
[l dec19ESRTOP tiles_feol

- |l dec19TOFINAL

- ldd dec20ESRTop

- |bal dec20ESRTop BEOL

ssages

Lk dec19ESRTOPWTP_files...
Ll dec19ESRTOPWTP files...
ikl dec19ESRTOPWTP_tiles...

TOP_bias_dac_group_vias
TOP_bias_dac_v2
TOP_bias_mirror1to3_pmosForPad
TOP_bias_mirrorito36
TOP_bias_mirrorUnit
TOP_bias_mirrorUnitDummy
TOP_bias_mirrorUnitDummy End

TOFP bias mirrorUnitRoutin L
L 111} ﬁ_

CTE DagGen from the same The (defined eaner.)
Waming: The directory: Vtools/projects/luya/proj/TSMC28/COS5IM’ does not exist

but was defined in libFile “/tools/projects/luya/proj/TSMC28/cds.lib” for Lib TOSIM'

Waming: COMBINE attribute library not defined

library: tphn28hpmgvl 8_1003" file: “/tools/projects/uya/prof/TSMC28/cds.lib', line: 51
Waming: COMBINE attribute library not defined

library: HYDRA_16CH_UPLINK’ file: Vtools/projects/luya/projyT SMC28/cds.lib’, line: 51
Waming: COMBINE attribute library not defined

library, 'BIOTHZ _dec17_top' file: Vtools/projects/luya/proj/TSMC28/cds.lib', line; 105

L

Show Categories

Lib: andrewStagingLib_120G IFree: 56262G Yy

Pister, Nikoli¢, Niknejad Spring 2021 © UCB
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Schematic View

The schematic view is
obviously the schematic
of a cell.

Can view instances of a
particular cell here and
add instances.

Learn powerful array
techniques for creating
schematics (arrays of
nets, instances, etc)

Note that “pins” are used
to make connections to
the outside. Schematics
are very hierarchical in
practice.

L lil = cl L] L Read L] cl L] = cl L . L U 2 = cl e cl . L L]
Launch FHle Edi View Create Check Options Window Calibre PkView Help cadence
) — - - ~ = Fa
Il | W T ol = (LT N e | 3
= = = e N = | R y T | B ®
| i Basic B @ M Iy o Ty B M-
Navigator 7 8 x|
Instances
Inverter_Small
~ OBJECTS Q B -
Name ~|
25 [ Inverter_Small
e () MO (nch_vt_mac)
\ 2 M1 (pch_vt_mac)
‘ 2 M2 (nch_vt_mac)
L) M3 (pch_vt_mac) =
¥ GROUPS - ~= peh_lvt_mac
= W
Cells dd
Types H
0
| Property Editor 78 X
mouse L: M: R:

10| »

Cmd: Sel: 0 J|




Copying a Hiearchy

B Copy Cell (on bwrcr720-8.eecs.berkeley.edu)

* Note that you should ™ /

Library |andrewStagingLib_120G [~ |

skip common libraries = « ™=

To e Copy Problems (on bwrcr720-8.eecs.berkeley.edu)

and avoid

5 [ i Destination Library: instruction
Library [ instruction|

QOne or more of the folowing problems have occurred:

Cell  InputBuf 1. The source file does not exist.

d U p I icq fi n g Ce I I S 2. Adestination file will be ovenwritten.

3. Adestination file is checked out.
Options 4. Adestination file is opened for edi.
5. Adestination file conflicts with another.

. l | d t .n t n f v Copy Hierarchical 6. Asource library file is not valid in a different library.
p q e I S q C e S o - 7. Asource OpenAccess cellview master file has zero size.
& Skip Libraries | test yeriog icc tphn28hpm; |EromLibrary  |From cell From View To Cell To View Error | Action

° ° i - o -
n eW CO p I e S I f yo U Ezfﬂi{;’;‘_:z;:;;:‘:f;ifni: andrewStagingLib_ / data.dm / data.dm |weuld Overwrite |pont copy

tsmchN28_stdcells veriloga_Y

_ ExactHierarchy
only want the new

~ Copy All Views

copies to point to the

~ Update Instances: (Of New Copies O

new files

Database Integrity

n . Fix Errors . Ouerwrite All | | Gancel | | Help

__ Re-reference customViaDefs

__ Check existence in technology database T

__ Add To Category Cells |*

m . Apply | . Cancel , . Help |
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[ ]
C r e d Te d S y I I l b O I v I eW £ Virtuoso® Symbol Editor L Reading: andrewStagingLib_120G Inverter_Small symbol (on bwrcr720-8.e - o0 x

Launch Fle Edit View Create Check Options Window Help cadence

7 Virtuoso® Schematic Editor L Reading: andrewStagingLib_120G Inverter_Small schematic (on bwrcr72 _ o x [ | @ T
Launch Hle Edit View BEEEIER Check Options Window Calibre PkView Help C é dence I = = I Biﬁ‘c—n Iﬁf‘._l Fg |l
___________________________ = = — Navigator BER
e . T -5 -E-IQ Q & & E )
_ _ o ; . N :lﬁ 1‘[% ] ’]h 1 E% Q: n | ~ OBJECTS [CEER - B4
= - ) J _ Al Name - |
Navigator N i e+ LR = 1nv..an
Instances M= R Nets 4
Inverter_Smal ‘ = ; Pins 4
Nire Stubs and Name Space Ne..ns
~ OBJECTS Q i ———— s = 5:ol:ms
T e o on b 8.ee berkeley.ed -
w N - - Cells
L [ |pve\: : Library Name andrewStaginglib_126G Browse BB
[ L
= M i B Collrame andrewStagingLib_120G
- N = andrewStagingLib_120G_sims
M i E=a From View Name i
~ GROUPS - » . schenatic
Cells 5 D ToView Name symbol
Types - From Pin List... D |
Note » | Tool/ DataType  (SchematicSymbal B Property Editor 7.8 %
From Instance... =
Probe » Display Cellview v
lultiShee Edit Options ~
h
0 m _ Lancel ;| Defaults /. Apply . _Help
Property Editor 7FIE X
meuse L: mouseSingleSelectPt() M: schHiReturn() R: schHiMouse PopUp()
w001 | = J‘
mouse L: schSingleSelectPt() M: ddsOpenLibManager() R: schHiMousePopUp()
9(101| > | cmd: sel:0 J|

~ % After creating a schematic, you can generate a symbol view, and edit it as
you see fit (make a useful graphic representation).

®* If you modify a schematic, make sure you update the symbol (new pins or
change in direction of pins)



The Layout View

* We’'ll spend a lot
of time talking
about how to
generate this
layout. Don’t
worry, a lot of it
is automated.

% Virtuoso® Layout Suite L Reading: andrewstagingLibiIZOG Inverter_Small layout (on bwrcr720-8.eect - 0 x

Launch Hle Edit View Create WVerify Connectivity Options Tools Window Assura Optimize Utilities PEXcomers EMX Calibre » (éden(e
[ * O B >l 2l » lllcssse B &

% @+ %

» || Select Selected Nets Selected Instances Selected 0bjects| »
Palette 7EX
Layers 51X
§ Al Layers n

& Valid __ Used __ Routing
Filter, Q, n -
. ref drawing n

AV + NV + AS + NS w
allasl
vy V=
v ¥
v ¥
L
L
v v
v v
Ay

& x|
Milsl
v v
L
¥ V=
L

(- Shapes v v

- Mosaic v ¥

..... Rulers ¥ ¥

- Markers ¥ ¥

v

----- Fluid Guardring

Objects | Grids

i mouse L: M: R:‘

711(12] > J|




The Layers e o O/

» Valid ¥ Used __ Routing

Fiker) Q M [ ke s
e — The layers “palette” is
— very useful and you

Layer |Pu.| V| S

® A layout cell is essentially
a database of polygons,

mostly rectangles mnw o i should get to know it
. B oo drv o W
® Each rectangle is on a Moo ey well
particular layer, that has a  [@w o o 2 ® Notice that you can also
o . i vH_P drw o W .
very close connection with ~ Ewmy o <o view “Used” or
the fabrication steps of Wy s “Routing” layers to
the process W o o ¢ reduce the clutter
o . ° . drw & .
lelfu5||on layers, ;)i(ldes, W o o - * Layers have multiple
olysilicon, metal layers B covowy am7 v v T 1 .
zll que cc;rres ondiyn B o o L purposes”. Drawing
P 9 i rcoow a2 4 layers are usually the
layers or are generated Moo os v v
: B coow o6 v ones that you
from a Boolean calculation [ o7 v « ,
" o g b manipulate
of layers !
jects ﬁlx|
Objects | v| s|‘?
..... s il
""" L ¥ YL Pister, Nikoli¢, Niknejad Spring 2021 ©

EECS290C L07 LAYOUT

DtIJEEtS . Grids UCB 20




Be Careful What You Touch !

* Always open all cells “read only’

and change “edit” permission
when you really need it.

® Accidentally clicking a cell and
moving it by a fraction of a micron
could result in a million DRC errors !
® Layout navigation aids help. See
next slide

iew Create Verify Connectivit y Opticns Tods Window Assura

Help cadence

o | BEEE 5
H |
S []
5 3 T
s le o 2 2 2
EY g 2285
o8
®
£88585858%8
2 g
< ]
I

@HE S

KKK K=

K K@

LI | » & =

Dist Cmd:

- Vias
jec rids




Layout Selection

®* By default, anything you touch is selected and this is
very dangerous.

® You can change the selectivity to only include:
® Instances
® Pins
® Vias
® Shapes
® Mosaics
®* If you're editing the layout and not making any
changes to instances, you should only enable
“shapes” and perhaps “mosaics”

®* Mosaics are “tiles” of cells used to create patterns

EECS290C LO7 LAYOUT

s

Objects

ﬁlx|

-

A-

088 1] V.
W

Instances

- Pins

- Rulers
- Markers

Fluid Guardring

- Fluid Shapes

Fig Groups

- Boundaries

Soft Blocks

- Blockages
- Symmetric Axes

Rows

KKK IKIK]

< |

< € €

5 |

K| "KKKKKKEKIKIEKI

| Objects | Grids
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“Drawing” Your Layout

® Tyipcally you draw

aunch Hle Edit View Create Verify Connectivity Options Toos MWindow Assura Optimize Help (éden(e “Rectdngles”l “PGThS", or
| D Lo ¢ ‘%% O @ ¢ ‘7'_R_ C:l |g|@ 3 ‘-;& 33 m:'g 2 ||| Classic nE‘_, [(___;!,: “P0|ygon5" (rqre). BUS

Virtuoso® Layout Suite L Editing: instruction layout * tutorial layout (on bwrcr720-8.eecs.berkeley.edu)

lv‘h s,_},} g Og.mg_ﬂ £| E| J » || (Flselect0 SellNk0  Sel():0 SeIV[O):O‘X 5,800 ¥ 5.500 dx dy Dist CmdAttach .
—— command is very useful

Layers &X
Y _All Layers n
¥ Valid _ Used & Routing
Filter, Q n =
.Mé drawing n

AV v NV v AS v NS =
[ Layer |Pu.| V| S| .

and can be created from a
list of pins.

®* Copy (array), tile (mosaic)

TREEE are common

o ® You can create “multi-part”
T paths to draw more

B il complex structures, such as
R substrate contacts or a
r shielded wire

T ® Use hierarchy: Layout

B B hierarchy does not need to
e 2% match schematic. Many
ol useful cells can be turned

Objects | Grids

into cells, such as VDD /VSS
imouse L: Select Add Figure M: R: ConneCﬁOﬂS

1(2) | Select the child object to be attached or detached: Cmd: Attach J|

=T




Creating a Cell on the Fly

Launch FHle BEib8 View Create Verify Connectivity Options Tools Window Assura Optimize Help
) - G . ¥ =
} G Undo U ! L E ‘ ()] » |kl » ‘h:"a » |l Classic n = 'r=:-lo
=
lf['\i &5y 4 © Redo Shift+l) » || (Flselect3 SeNKO Sel():0 SeI[O):3|X -2.400 ¥ 7.400 dx dy
Palette ¢ Move M
L
HEE @ copy c
Y Al Layers -
— | | Stretch 5
v Valid _ Us =
Filter, Q ¥ Delet Del
¥ Repeat Copy H
Quick Align
Hip 3
Rotate 4
Basic 3
VIAT
Advanced »
(] M2 -
Convert

Hie

Group
Fluid Pcell
Select
DRD Targets
& vias drw o o
[ 7 drw ¥ ¥
[ via7 drw o | Tree.. ShiftsT
drw ¥ Make Editable...
drw » ¥ -
drw W Refresh
drw ¥ o
drwv « o
drw v o
g x|
Objects [lsi
L=
v ¥
W vl

Objects | Grids

® You can view a cel

simultaneously

uoso® Layout S

Launch Fle Edit View Create Verify Connectivity Options Tools Window Assura Optimize Help

»H‘ ' E U ¥ u

% |<:%:> L G % L;R: @ |g‘&j » \;( » m::lt; 2 || Classic n|:E‘u lf:ﬁ"o

HF% 4,\;‘1) g cglk\({_ﬂ (v E| J » || (Fiselecto Se(Np0 Selly0 Sel(©)0 [x -3.055 ¥ 1.700 dX dy Dist Cmd:
Palette 78X
Layers & X

Y All Layers n

¥ Valid _ Used & Routing

Filt Q\—n -

@ Create Instance (on bwrcr720-8.eecs.berk x

Library
Cell
View

Mames

 Mosaic

Rows,Columns

» Parameters

instruction n . Browse...
example_cell

layout n

M2

¥ Halo

_ Define Halo ...

~ Create as mosaic

5 5

Delta ¥.x |3 9.2 I T T m“H

m _ Cancel | Defaults /| Help

in place” and edit it one instance, all others will change



[ ]
I eS Launch Fle Edit View Create Verify Connectivity Options Tools Window Assura Optimize Help cadence

= D | 9 e ‘9{}.’ O [E % 7773: \:) |E|‘@ 3 “k;( » :"'é » ||| Classic n

‘FLg \15 &% Ogﬁ}x\'\{_lpl £—'~| El ! » || (Fiselect:0 Selin:0 Sel0 Selio)o[x 25300 Y -2.600 dx Dist Cmd:

Palette 78X

i Create Instance (on bwrcr720-8.eecs.berk x

Layers 8 X
Y Al Layers B . T S O L
¥ Valid _ Used & Routing

Filter | @ n' . . . . : ol . .
.MNVC"W‘”S B B B L R £ L L
B v W s 88 s WS T A e B 1 | P e e

< Layer |Pu. v] 5| [N dpaaane s bah LR L L

Hro drw S di FH IR E | D S L S L Sl
8 drw
V¥ Halo B via drw
& M2 drw
B viaz drw
Define Halo ... | [ RE drw
W via3 drw
— Physical Only e drw
[ via4 drw

Library instruction

Cell |example_cell

example_cell
Ld

View

Names 11

KEKKKKRKIKIKIK
KEkKKkKKKEKIKIKIRK

3

» Mosaic __ Create as mosaic Zs arw 2 ¥
M6 ECORNVRNVENN . | T T L e e e e e e e
B vine PRI - | b
— i RN i s e i i T
[ via7 drw v |
» Parameters B s drw o v B s e e s T T e
[ vias drw o
B mo drw o
A [l ] t [ vire drw v e T
L= | < | L B mio drv v o | [
— S e B ISRl | s
1 - [

o
(LX)

m ’ Cancel o Defaults I\ Help Objects

= Objects (AN
- Instances V¥ V| =
-

Pins o S T A A

Vias ¥ vl L S . L o

Objects | Grids

mouse L: M: R:
121 = | Cmd: J|

® Insert cell as a tile is very convenient for adding an array of identical cells



Design Rules

® Design rules are in place
based on manufacturing
limits

® If you do not meet all the
design rules, the
manufacturer (Intel, TSMC,
others) will usually refuse
to fabricate your chip

® Each layer has its own set
of rules

EECS290C LO7 LAYOUT

Poly Related Rules

M
-
L
N »
0
.
O
>L
N
- - »
Diffusion
o
M

Layer Description Label Rule

\Width (Minimum = Maximum) P =W.C
Minimum Space Q >=8.C
Min Space (When Contacts are on different Nets) R >=81.C
Contact (Contact over Diff) minimum Space to Poly S >=82.C
(Contact over Poly)minimum Space to Diff T <=83.C
Enclosure by Diff U >=E.C
Pister, Nikoli¢, Niknejad Spring 2021 © UCB 26




D R C Conce pTS IDistance of exterior facing edge of two layer|

*

Distance of interior facing edge for a single layer|

-
|

S

Diagonal Space

Space Notch Space
\ 4
i 45deg Width/length
NI sl o Al IDistance between inside edge to outside edge. |
Layer A I
IDistance of interior facing edge of two layer | Layer B |+ e N Layer B
Layer A
> Enclose (Fully Inside) Extension
Overlap

®* The best way to learn the rules is to do some
actual layouts and use the tools to tell you what
mistakes you're making !

| Area and enclosed Area. |

Layer A

Layer A

v
-‘
v -

&

Area Enclosed Area

http://www.vlsi-expert.com /2014 /12 /design-rule-check.html

EECS290C LO7 LAYOUT
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DRC: Diffusion

Layer Description Label Rule
Min Width A >=W.D
Min Space B >=8.D
Diffusion Min Space between 2 DIFF1 with in DIFF2 C >=81.D
Maximum DIFF length between 2 contacts D <=L.D
DIFF must be fully covered by N/P select

Diffusion Related Rules

i DIFF2!
. >A E A, i
DIFF1 L
: . |
A DIFFL i A DIFF1 i
DIFF1
D <D

http: / /www.vlsi-expert.com /2014 /12 /design-rule-check.html
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DRC: NWELL

Layer Description Label Rule
Min Width E >=W.NW
Min Space F >=S.NW

N-Well Min Space to N+ Diffusion/Active G >=S1.NW
Min Enclosure of P+ Diffusion / Active H <=E.NW
Min Space to P Select | >=S2.NW
Min Enclosure of N select J >=E1.NW

N-WELL Related Rules

i' """" P-Select |
_————— PRGNS I — . >| :. i
iN-Select ;! P-Select : ' i
! i i 1 i
! 1 Hi : :
it }  r———
1 B : i |
1 1! - G 1 1
: : ' P+ DIFF i « : :
B e 1 E _____ t _______________ . I |
> : :
N-WELL ! " i
+ ! N+ DIFF I
I I
F e 1
?
E
l N-WELL

FECZVOCLOZATOUT - hittp: / /www.visi-expert.com /2014 /12 /design-rule-check.html Pister, Nikoli¢, Niknejad Spring 2021 © UCB




DRC: Poly

EECS290C LO7 LAYOUT

Poly Related Rules

M
N
o M—
0
|
0
>L .
Diffusion
A
M
v
Layer Description Label Rule
\Width (Minimum = Maximum) P =W.C
Minimum Space Q >=8.C
Min Space (When Contacts are on different Nets) R >=81.C
Contact (Contact over Diff) minimum Space to Poly S >=82.C
(Contact over Poly)minimum Space to Diff T <=83.C
Enclosure by Diff U >=E.C
\Y >=E1.C

Enclosure By Poly

http: //www.vlsi-expert.com /2014 /12 /design-rule-check.html
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DRC: Contact

2RI

I

%
s

Contact Related Rules

2
%

A,

AAAAAAAAT

2
A

&
SIS,

K2
o
S

GRRRAR AR

T
e

A,
8080805058
RN AN

Layer Description Label Rule
Min Width w >=W.M
Minimum Spacing X >=S.M
Metal 1
Enclosure of Contact Y >=E.M
Maximum Width VA <=W1.M

EECS290C LO7 LAYOUT

http:/ /www.vlsi-expert.com /2014 /12 /d

esign-rule-check.html
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DRC: Metal

Metall Related Rules

.

Metal 1 Contact

®* Upper (thick) layers have their own distict rules

EECS290C LO7 LAYOUT

http:/ /www.vlsi-expert.com /2014 /12 /design-rule-check.html
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Calibre Deck

® It’s very rare that you'll
need to edit the
Calibre DRC deck.

® This is created by the
manufacturer.

®In a rare circumstance
where you simply
cannot understand the
documentation, you can
try to figure out how to
solve an issue by
looking here:

EECS290C LO7 LAYOUT

NSTP = NPOD AND MNONWR // NWEL tap diffusion

NACT = NPOD NOT NWEL // NMOS device active diffusion
PACT = PPOD AND NWEL // PMOS device active diffusion
NACTZ2 = NACT INTERACT 0D2

PACTZ2 = PACT INTERACT 0D2

PSTP = PPOD NOT NWEL // Substrate (pwell) tap diffusion
DACT = NACT OR PACT // NMOS/PMOS device active diffusion
DSTP = NSTP OR PSTP

GATE = POLY AND 0D // Gate regions for NMOS and PMOS
GATEL = P0Oi AND 0Di // Gate regions for NMOS and PMOS
sD = (DACT ENCLOSE GATE) NOT GATE // Source, drain areas

FPO1 = POLY NOT 0D // Field poly

HV GATE = GATE AND 0D2

LV GATE = GATE NOT 0D2

GATE NP = GATE AND NP

GATE PP = GATE AND PP

GATE W = POLY COIN INSIDE EDGE GATE // Gate width

GATE L = GATE NOT TOUCH EDGE GATE W

GATEN W = GATE_W INSIDE EDGE NP

GATEP W = GATE W INSIDE EDGE PP

HV GATE W = GATE W INSIDE EDGE 0D2 ff 2.5V/3.3V/1.8V MOS gates
LV GATE W = GATE W NOT INSIDE EDGE 0D2 J/ 1.8V MOS gates

HV GATE L = GATE L INSIDE EDGE 0D2 Jf 2.5V/1.8V MOS gates

LV GATE L = GATE L NOT INSIDE EDGE 0D2

15V GATE W = HV GATE W INSIDE EDGE 0D15

18V GATE W = HV GATE W INSIDE EDGE 0D18

25V GATE W = HV_GATE W INSIDE EDGE 0D25

33V GATE W = HV GATE W INSIDE EDGE OD33

SR_GATE = SRDPO AND 0D

SR _GATE W = SRDPO COIN INSIDE EDGE SR GATE

SR GATE L = SR _GATE NOT TOUCH EDGE SR GATE W

SR_HV GATE = SR _GATE AND 0D2

LV SR GATE = SR GATE NOT 0D2

WLD LV GATE = LV GATE NOT COUTSIDE SRAMDMY WLD

Pister, Nikoli¢, Niknejad Spring 2021 © UCB
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Design Rules for Manufacturing

®* While the normal design rules are the best a manufacturer can do in high
volume, yoU'll getter better yield if you follow a relaxed set of rules.

®* For example, you can always use minimize sized diffusion regions, and
this will minimize the area of your layouts, but it makes routing more
complex. Also, you can use minimum width metals for local routing, but for
longer range the width will vary due to roughness.
® Router at 200nm width rather than 50nm |

* Simply relaxing the rules and making everything (except critical
dimensions such as channel length) slightly bigger makes life easier and
the extra space can be hand for layout changes (for example leave

extra room between two wells rather than going all the way to the
minimum)



Rules of Thumb

* Don’t forget to put copious amounts of supply decoupling / bypass
capacitors on your supplies.

® Use a tile cell that contains MOS + metal capacitors and just put it
everywhere !

® Put a lot of substrate contacts near your devices.

® In digital high-performance cells, the supply capacitance should be 10X
the size of the logic size

® Use two vias instead of one via so make sure you always make good
connections.

® Route long lines with non-minimal metal widths.



Dummy Metals and Filling

Launch Hle Edit View Create Verify Connectivity Options Tods Window Assura Optimize Help

Launch Hle Edit View Create Verify Connectivity Options Tools Window Assura Optimize Help

I ‘ | 2@ =]

I & & o %

| Ppalette 2.8 x|
Layers & X
Y Al Layers n

& Valid __ Used __ Routing
Filter)| Q, n -
B s drawing - |

AV ¥ NV ¥ AS ¥ NS

- | Layer | Pu.| ¥ | 5|

(28] 2 odur ¥ ¥
& viaz drw o (=
& viaz dm ¥ v [
[ EE drw o o
CRE dm ¥ ¥
] 3 odur ¥ ¥
| KEE drw o o
| RS dm ¥ ¥
[ a4 drw o o
] M4 dm ¥ ¥
[38] M4 odur ¥ ¥
() viaa drw ¥ ¥
& viag dm ¥ ¥
v
Objects ] x‘
Objects (s
Instances v !‘i
Pins V¥ v
Vias v R4

Objects | Grids

HF‘reSeI: Mosaic Name(l_4570463) CellName(TILES_BEOL_DM8_M)

mouse L: M:

23)

» ||| Classic n

» | (F)Select: 1 Sel(Nx0 Sel(l):1 Sel(O):O‘X 377.000 ¥ 1440.000 dX

= | | R 09 | » [ » | » || Classic

‘P[k 2 g = oém » || (FiSelect:1 Sei(NKO Seli:1 Sel(©)0|X 1146280 Y 1769.300 X
Palette 7.8 x|

Layers F X

Y All Layers n
v Valid __ Used __ Routing

AV v NV v AS ¥ NS

~ Layer [Pu.. V| 5| - pw
| |Pu-| V|5 |_ g

8] vz dur i i | >R = » ||| crassic
12 odur ¥ W
|§| VIAZ drw o ¥ |= » || (FiSelectt SeN):0 Seii)t Sel(0}0[X 1145900 ¥ 1770930 dX
E viaz dm ¥ ¥
[E drw o o
CEE dm ¥ ¥
CE odur ¥ ¥
[ KEE drw o ¥
W 23 dm ¥ ¥
o l
¥ ¥ ~
4
¥ ¥ v
T T}
T C}
v
v v ~
— ¥
Objects & X w ¥ ¥
J v
Objects T =1
- Instances V¥ V= \ - ™
- \ v
Pins v ¥ @ ow v V]
Vias v v

Objects | Grids

|| Presel: Mosaic Name(l__940148) CellName(TILES_BEOL_DM2_M)

mouse L:
d Objects | Grids
23) || Presel: Mosaic Name(l_4091056) CellName(TILES BECL DI
mouse L: M: R:
IE | cma: J

® After the layout is complete, the last step is to “dummy” fill the layout

® Scripted: Adds dummy metals, OD, poly, etc to keep density uniform

® Density rules have to be met both globally and locally (sliding window)



Running DRC

= Calibre Interactive - nmDRC v2013.2 18.13 - O X
File  Transcript  Setup Help
Fules DRC Fules File
Inputs rules Wiew Load
Dutputs
L AT Check Selection Recipe: Checks selected in the rules file 77'; Ediit...
Transcript | Load Runset File x

Funset File Fath
DRC Run Directory

Fun DRC . = =
|0]B(!t3.-"|llqa."'|]l’01‘-"|' SMC28 calibre_run/drc_runset_andrew I

Start RVE
Recent Runsets

Layer Derivations




DRC Errors

drc.results
File ‘iew Highlight Tools ‘Window  Setup Help
| ol 7@ | Bl e || [ KL
A7 Fshowal  $F inverter_Small, 28 Results (in 21 of 25 Checks) [ & = :

‘FEFFEEEENEEEEEEEE @ @ @
M2 AN AH KA AHAKAHANMNANNAXX

&l P Check / Cell ,
Check I0_COMNECT_CORE_MET_VOLTAGE_IS a8

Check WITH_SEALRING_DOFTIONWARMING
Check DIODMY_LWARMING
Check DOD.R.A

Check DFO.R.1

Check FO.DNA

Check AP.DM.1

Check MATCH.WARN1
Check FO.R.19

Check MOM.R.2

Check DM1.R.1

Check DM2.R.1

Check DM3.R.1

Check D4.F.1

Check DM5.R.1

Check DME.R.1

Check DM?.R.1

Check DM3.F.1

Check DM3.R.1
|

mpE W Rk

I
@
@
@
@
@
@
@
}

becanse these nets actnally wse low woltage,
It iz strongly recommended to assign wolatage marker layer on the nets comnnmect to I0 WOS
This warning is just a reminder, not a gated item for tape-out,
COPY CHIPX

o can torn off the option,

0_COHNECT_CORE_WET_WOLTAGE_IS_CORE:WARNING] { @ USE_I0_VOLTAGE_ON_CORE_TO_I0_WET option is off in this DRC run,
It will wse low woltage space rules to do DRC, as wou do not assign the woltage marker &
If the designer knows some nets use high wolatage,
please turon on VSE_I0_WOLTAGE_ON_CORE_TO_IO_HET option to check high woltage space males

. the net connects to Io MOS and core MOS simultanesouselyp
. If wou twon on WSE_IO_WOLTAGE_ON_CORE_TO_IO_HET option, pou might find some high woltage

conservatively,
space wiolations are actuwally false ercors

and coce MOS simaltanesonselyn,

@) Check 10_CONNECT_CORE_MET_VOLTAGE_|S_CORE:WARNINGI

*

EECS290C LO7 LAYOUT
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Fixing DRC Errors

Calibre - RVE v2013.2 18.13 : Inverter Small.drc.results

File  ‘iew Highlight Tools ‘Window  Setup Help
|l [ @ BF| @ || s T
¥ Inverter_Small, 28 Results {in 21 of 25 Checks) |2 ga=i)
L
5 g Check / Cel dlg 0 1oz 13 14 15 18 3 F
Check I0_CONNECT_CORE_MET_WOLTAGE_IS, | 3
Check WITH_SEALRING_OPTION:WARNMING "
Check DIODMY_LWARMING
Check DOD.R.1 |
Check DPO.R.1
Check PO.DN.1 X
Check &P.DH.1 L

Check MATCHMWARM A
:
Check MOM.R.2 r
Check DM1.RA
Check DM2.R.1 L
Check D3R A —
Check Dh4.R A
Check DMS.RA ﬂ
Check DME.R.A
Check DM7.RA
Check DME.RA

Check DM3.R.1 |

POLR,19 { @ Floating gate iz prohibited if the effective source/drain are not comnected together, Floating gate in the DRC iz as follows: {1} GATE without Polp co ﬂ
{2 GATE with Poly G0 but not comnected to MOS 0D, STRAP or PAD, {3} It is not a floating gate if the GATE is comnected to 0D by butted Co0 in SRAM bit cell, The -
effective source/drain in DRC is as follows: {1)Sourcefdrain is cormected to different {MOS0D HOT PO}, STRAP, Gate, or PAD, This rule is onlp checked on the whole —
chip, not on the IPF lewel

(Float_GATE_check INTERACT H5Du * 1 BEY NET) HOT INSIDE SREAM WAIVE_N23

{Float_GATE_check INTERACT P5Du » 1 EY WHET) HOT INSIDE SEAM WAIVE_NHZ23

‘FEIIEEEEEEENEEEEEEE B
2 A AN AH AN AKAKAHAKKAKNX

@) Check POR.19 ‘0‘
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Locating the Actual Culprit

] Virtuoso® Layout Suite L Reading: andrewStagingLib_120G Inverter_Small layout (on bwrcr720-8.eec: - o0 x i cell View

aunch Hle Edit View Create Verify Connectivity Options Toos Window Assura Optimize Utilities PEXcomers EMX Calibre »cadence ading: andrezstagﬁr;gLibilzoﬁfsﬁms TOP bias_dac_sim s;ematirc Tan bwrcr?zo-s.eecs.berk;ey.t
- I | FQ B » |4 #1752 flcessic B= & re PRView Help

Pks _3_;} g __[__ 0:%\ ! J » || (FSelect:0 Sel(N:0 Sel{l):0 5e|[0]:o|x 0.300 ¥ -0.100 dx dy » m— _ - m“;( Q @ Eﬂ I I

Palette 78X A s e

.ayers & X

All Layers n

Valid __| Used __ Routing
er Q) n ¥
Irefdrawing n

W v NV v AS v NS w
Layer |Pu.| V| S| view Highlight Tools Window  Setup
ref drwv ¥ ¥|=|
—_— E. - 5
DNW drw & & [ e ‘ F-_g[ & 4 ¥ ‘ B
PW drw ¥ W B
PW drl ¥ W A7 Fshowal $inverter_Small, 28 Results (in 21 of 25 Checks)  [# © EE |
PW drz2 ¥ o ;f\
NW drw o ™ B Ag Check / Cel e 10 M 12 13 14 15 s Y
NW dri ¥ o ¥ Check IU_CDNNECT_CDHE_NET_VDLTAGE_IS_# 1
NW dr2 & ¥ | | ¥ Check WITH_SEALRING_OPTIOM:WARNING ;ml
dbjects & X| ¥ Check DIODMY_L:WARNING
== i = S‘ ¥ Check DOD.RA N
ects
& | o) ¥ Check DFO.RA
- Instances - % Check PO.DN.1
- Pins v v e DM, 1
- Vias v v ¥ Check AP.DN.1 L
- Label 7 R Check MATCH.WARN.1
|- Shapes v v ¥ Check PO.R.19
- Mosaic v ¥ X Check MOM.R.2 L-
- Rulers + | 052205 220000001 I ¥ Check DM1.R.1
|- Markers v Vv ¥ Check DM2.R.1 |
Fluid Guardring v — ¥ Check DM3.R.1 -~
Ibjects | Grids - BRI 11) Check PO.R.19, Cell Inverter_Small: 4-vertex Fol
ects .. 14 x
j % Check DMS.A.1 ¥ Checl , Cell Inverter_Sm ‘ertex Polygon e
PreSel: Inst MName(l3) CellName(nch_Ivt_mac) R Check DME.R.1 4-Vertew Polygon. Coordinates in cell Inverter_Small
nouse L: mouseSingleSelectPt() M: mgc_calibre_run_drc ¥ Check D71 { 0,05 -0,41) ¢ 0.08 -0.41) ¢ 0,08 -0.16) { 0,05 -0.16)
e R Check DM3.R.1
=
= = ¥ Check DM3.R.1 : =
[ SUIC Drocks =
Blockages v ¥ = A = " n n T - - -
P0.R.19 { @ Floating gate iz prohibited if the effectiwe source/drain are not comnnected together., Floating gate in the DRC is as follows: (1) GATE without Poly c0 x
Symmetric Axes vV Vv {2) GATE with Poly Co0 but not comnected to MOS 0D, STRAP or PAD. (3) It is not a floating gate if the GATE is cormmected to 0D by butted co in SRAM bit cell. The 3
effective source/g.rain in DRC iz as follows: {1)Source/drain is connected to different {MOZ0D WOT PO}, STRAP, Gate, or PAD. This rule is only checked on the whole y
Rows ¥y ¥ chip, not on the IP level
(Float_GATE_check INTERACT W5Du *> 1 EY WET) NOT INSIDE SRAM_WAIVE_W2%
(Float GATE_check INTERACT PSIu > 1 BEY WET)} NOT INSIDE SEAM_WATVE_ W28
}
= Objects | Grids .

|| PreSel: Inst Name(l1) CellName(Tof
[ o

mouse L: mouseSingleSelectPt() i OCheck POR-18

et



VS . s

v

Schematic

® Layout versus Schematic check to ensure that your layout actually
matches your schematic

® This is one of the best (and most painful) things about designing and IC.
On one hand, it’s very reassuring to know that your layout is correct and
you didn’t accidentally short VDD to GND. On the other hand, finding
and correcting these errors can be extremely challenging in a complex

top level layout.
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LVS Errors and Fixing

— 1- ~ I

3 Virtuoso® Schematic Editor L Editing: instruction InputBuf schematic (on bwrcr720-8.eecs.berkeley.ec - o0 x T
) 9 P ( ey Virtuoso® Layout Suite L Editing: instruction InputBuf layout (on bwrcr720-8.eecs.berkeley.edu)

Launch Hle Edit View Create Check Options Window Calibre PkView Help (édel‘l(e

Launch Fle Edit View Create Verify Connectivity Options Tools Window Assura Optimize PEXcorners Calibre PkView Help (éden(e
. . e, - — A _ = = c
» 0 m % @ T MR - ® B ‘ " - S -
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Extraction

Descend (on bwrcr720-8.eecs.berkeley.edu)

View
Open for symbol & auto
calibre_R
Open in layout current tab _ new window

m Cancel Help

® Layout adds parasitics not in your schematic

® Capacitance of wires and poly

® Extra routing resistance

® Extraction is used to estimate these parasitics:
* C only, groudned

C coupled
* RC
R only (useful for low frequency IR drop analysis)

® Another benefit of extraction is layout dependent shifts are also added to instances of transistors (well proximity effect)

® After running extraction, you create a “calibre” view (you can name it anything)
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Top Level Example

® Top level should have pins that are on periphery to make routing easy
®* VDD and VSS should be clearly visible and robust

® Follow conventions on routing

® Horizontal / vertical can be on even/odd layers

® Avoid using top metals in cells and use these metals for global routing




ERC

® Electrical rules
® Current density limits especially in aluminum

®* Depends on temperature and duty cycle, different for AC vs DC
® Poly has very limited current handling capability

® Antenna errors

® Antenna diodes

® LUP errors
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