ASIC Chip Layout

with UofU Cadence Design Kit

References:

* Erik Brunvand, Digital VHDL Chip Design
with Cadence and Synopsys CAD Tools

e (Cadence Virtuoso User Manual
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Setup for NCSU/UofU amiO6

® bashrc environment variables

# Set up NCSU-CDK and Univ. of Utah Support

export CDK_DIR=/class/ELEC6250/ncsu-cdk-1.6.0.beta
export SYSTEM_CDS_LIB_DIR=/home/nelson/nelsovp «— Your home directory
export CDS_NETLISTING_MODE=Analog

# Create alias for Global Foundries BICMOSSHP Digital Kit

export CMOS8HP=/class/ELEC6250/cmos8hp/std_cell/v.20130404

— BICMOSS8HP
export BICMOSSHP:/Class/ELEC6250/IBM_PDK/bicmos8hp/relHP setup
export TECHDIR=/class/ELEC6250/IBM_PDK/bicmos8hp/relHP/Calibre _|
® From directory /class/ELEC6250/ UofUtah
J Copy cdsinit to your home directory and name it .cdsinit
(this will load other initialization files)
o Copy cds.lib.auburn to your home directory or to your project directory

(or add lines from this file to your current cds.lib file)

Example on next slide.




cds.lib

® Virtuoso loads cds.lib from the directory in which it is invoked

e cds.lib in my home directory has the “system library” definitions for the
installed libraries (BICMOS8HP, NCSU, UofU, Cadence, etc.)

e cds.lib in my project directory references the above and then defines my
own project—specific libraries:
SOFTINCLUDE /home/nelson/nelsovp/cds.lib
DEFINE UofU_ tricounter

/home/nelson/nelsovp/cadence/Modulo6_UofU/top/UofU_tricounter
DEFINE my_new_ami06

/home/nelson/nelsovp/cadence/ Modulo6_UofU/top/my_new_ami06
DEFINE my_pads /home/nelson/nelsovp/cadence/Modulo6_UofU/top/UofU_Pads

/

Pads copied from UofU installation
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NCSU Cadence Design Kit (CDK)

https://www.eda.ncsu.edu/wiki/NCSU_CDK

® For analog/digital CMOSIC design via the MOSIS IC

fabrication service (www.mosis.org)

® Version ncsu-cdk-1.6.0.beta for Cadence Virtuoso 6.1 and later

® Supports all MOSIS processes based on SCMOS rules
® ami_06/16, hp_04/06, tsmc_02/03/04
* GDSII layer maps
® Diva DRC, LVS support (no PEX)
® Composer interfaces to HSPICE/Spectre, Verilog
® Technology-independent libraries for analog & digital parts

Transistor models, layouts, etc.

But — does not include standard cell layout library

® MOSIS wirebond pads (AMI 0.6ym, TSMC 0.4 ym, HP 0.6um)

Installed in  /class/ELEC6250/ncsu-cdk-1.6.0.beta
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U. of Utah CDK (used in Dr. Brunvand’s book)

/class/ELEC6250/UofUtah/

® UofU_TechLib_ami06 UofU-modified tech library for AMI C5N
0.5 micron CMOS process, in the NCSU CDK framework
(AMI acquired by ON Semiconductor for $§915M in 2008)

* UofU_Digital_v1_2 Std. Cell library (37 cells, use M1 & M2)
UofU_Digital_v1_2.db: compiled library file for Synopsys Design Compiler
UofU_Digital_v1_2.lef: abstract layout information file for place and route tools
UofU_Digital_v1_2 lib: library characterization file
UofU_Digital_v1_2.v: Verilog interface and simulation behavior file
UofU_Digital_v1_2_behv.v: Verilog models with timing “specity” blocks

® UofU_Pads Pad cells and frames based on the MOSIS-supplied .5pm
pads from Tanner, but UotU-modified to pass DRC and LVS

* UofU_AnalogParts UofU-modified transistor models that add delay

to the switch-level simulation of those devices




e
UofU_Digital_v1_2 CMOS cell library

* AND3X1: 3-input AND
* AOI21X1,AOI22X1: AND-OR-Invert gates Xn = drive strength
* BUFX2, BUFX4, BUFX8: non-inverting bufters
* DCBNXI1, DCBX1, DCNXT, DCX1: D-type flip flops with active-low clear.
B means that the device includes both Q and QB outputs.
N means active-low clock.
® ENINVXI, ENINVX2: enabled (tri-state) inverters
e FILL, FILL2, FILL4, FILLS: filler cells of difterent widths for filling in std cell rows
e INVXI, INVXI16, INVX2, INVX4, INVXS: inverters
* LCNX1, LCX1: level-sensitive (gated) latches with active-low clear.
N means active-low gate
* MUX2NXI1, MUX2X?2: 2-way muxes. N means an inverting mux
* NAND2XI1, NAND2X2, NAND3X1: NAND gates with 2 and 3 inputs
* NOR2XI1,NOR2X2, NOR3X1: NOR gates with 2 and 3 inputs
* OAI2TXT OAI22X1: OR-AND-Invert gates
e TIEHI, TIELO: Cells used to tie inputs high or low
* XNOR2XI: 2-input XNOR
* XOR2X1: 2-input XOR




UofU_Digital_v1_2 cell views

Cells use UofU_TechLib_ami06 technology library

File Edit “iew Design hManager Help cadence
_ Show Categories _ Show Files
Library Cell Yiew
Uofl)_Digital_w1_z2 AMDERH
MCSU Analog Parts 5 Wi ~ | Lock | Size |
MCEL_Digital_Parts ACIZTHA abstract ZGk.
MCSU_TechLib_amids AOIZZA1 analog_extracted 24k,
MCSL TechLib_amitg BUFxZ behavioral 305
NCSU_TEChIJb_hpDB B BUFX4 Crmos Sch Szk
MCSIU_TechLib_tsmc0z || |[BUFxS extracted 20K
MCSU _TechLib_tsmelzd DCBRMA

_ _ | t 28k
NCSU_TechLib_tsmcoa DCBX 1 e o
MCSI_TechLib_tsmec03d DCMA suribol 23k
MCS_TechLib_tsmco4 4nhizP DT !
LIS 8ths EMIMY 2
Uofl)_Analog_Parts EMIMYRE
Lofl)_Digital_w1_2 FILL
ofl) Example FILLz
Lofl)_Pads FILL4
Uofll_TechLib_amiog — [ ||FILLE =

® cmos_sch — schematic of transistors from UofU_Analog_Parts library
e behavioral - Verilog with “specity” blocks for SDF simulation
° layout — full cell layout

© symbol — to use in gate—level schematics

e extracted — extracted from layout for LVS verification
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UofU_Pads

Based on MOSIS-supplied .5um pads from Tanner

File Edit “iew Design tanager Help cadence
_ Show Categories _ Show Files
Library Cell View
Uofl) Pads Frame1_3g)
MCEU _Analog Parts IR Frame1_38 Wigw ~ | Lock | Size |
MU _Digital Parts Framezh_EB& analog_extracted 4,80
MCEU_TechLib_amins Framezh_70 evtracted A 8m
MCE TechLib_amile Framezw B8 layout 19k
MCEU_TechLib_hpOs Framezv_70 schematic 19k
MCE Techlib_tsmcOZ N Framed 78
MCSU_Techlib_tsmcDzd - pad_bidirhe
MCE TechLib_tsmc03 pad_corner
MCEU_Techlib_tsmec03d pad_gnd
MCE TechLib_tsmcOd 4hdzP pad_in
U5 _gths pad_io
ofl)_Analog Parts pad_io_nores
Uofl)_Digital_w1_2 pad_nc
Iofl)_Example pad_out
Lofl) Pads pad_space
Ilofl)_TechLibh_ami0& pad_wdd
Uofl)_tricounter padbox
avTech = padhou
J— T . . .
 Framel 38 for MOSIS “TinyChip” (38 signal pins, 2 power/ground pins)

e Layout and schematic views

» Edit properties to change pad type within the frame

* Power/ground: pad vdd, pad gnd
pad_in, pad_out, pad_io

« Signal:
e NoO connect:
e Corner:

pad_nc
pad_corner




UofU_Analog_Parts

Based on NCSU_Analog_Parts

Library Cell View

Uofl)_Analog_Parts nmos|

MCSU_Analog_Parts ~ | |[bi_nmos Wiew ~| Lock | Size

NS Digital Parts bi_pmos READMNE ZE8

NS TechLib_aming gnd auCdl 18k

NCSU_TechLib_ami1g auLys 18k

MCSU_TechLib_hpOB = || ||pmos cdsSpice 19k

MCSU_TechLib_tsme0Z r_nmos functional 1ak

MNCSU_TechlLib_tsmcOzd r_pmos hsni 21k

NCSU TechLib_tsmc03 vdd hanices Tk

MCSU TechLib_tsmcO3d ivncell 2k

NCSU TechLib_tsmc04_amizP P

US_gths spectre 23k

Upfll_Analog Parts sp?ctres 19K

Uofl)_Digital w1 _2 spice 19k

Uofl)_Example symbol 18k
symbol.publication 14k

Uofl) Pads
Lofll TechLib_amios

nmos/ pmos

ki

3-terminal (bulk to gnd!/vdd!)

bi_nmos/bi_pmos bidirectional device

r_nmos/r_pmos

vdd/gnd

weak /resistive transistors




BICMOS8HP/UofU differences

* Synthesis with Synopsys Design Compiler
® Setup file: .synopsys_dc.setup
Path to library: /class/ELEC6250/UofUtah
Target library: UofU_Digital_v1_2.db
® Synthesis script references to specific library cells

Example: mylnputBuf (cell driving inputs)

Example: Synthesized Modulo-6 counter netlist
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BICMOS8HP/UofU differences

* Block layout with Innovus
® Technology: 500 nm feature size (BICMOS8HP is 130 nm)
® Wires/spacing may have to be larger
® Special library cells (filler, clock buffer, etc.)
® LEF file: UofU_Digital_v1_2.lef
® Power: vdd!  Ground: gnd!
® Timing library: UofU_Digital_v1_2.lib (no capacitance table)
® [/O pins and routing with only 3 metal layers: M1 M2 M3
® Power planning nets: vdd! gnd!

® See later slide for exporting layout to Virtuoso

Example: Modulo-6 counter layout (next slide)
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InNnovuSs:
modulo6 in amiO6 technology

-1 MENICNNINNE |

| H £ | H|E || anling help

Layer Control =l

&l Colors

HBlockage
HRow
HAoomlan
HHPartition
HBump
HPowaer

HGrd

HTrack
HCongestion
HHMultiple Color
HMiscellaneous

3 metal

layers
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Innovus: save cell for importing into Virtuoso

* Export DEF (Design Exchange Format) file:

® Menu: File > Save > DEF

® Command:
global dbgLefDefOutVersion
set dbgLefDefOutVersion 5.6

defOut -floorplan -netlist -routing SBASENAME.def

* Export Verilog structural netlist

® Menu: File > Save > Netlist

¢ Command:

™~

Save Options

» Save Floorplan
» Save Standard Cell

» Save Metlist
__ Save Scan
» Save Route
__ Save Trial Route

File Mame: modulob.def

@I ooy

™ Save DEF@tux0ideen.. — O *
__ Save Unplaced Cell
Cwtput DEF Version: | 5.6 »
I.‘.‘l
cancel Help

B Save Metlist... — [

W Include Indermediate Cell Definition

W Include Leaf Cell Definition

Metlist File: modulog.w

X

B

Lo JEw

saveNetlist —phys -includePowerGround -excludeLeafCell $ {BASENAME} _soc.v




Virtuoso CIW (Command Interpreter Window)

Cadence libraries and tools are accessed from the CIW

Import/Export designs
Access libraries

/

m irtul:us-:745-Ll:ug:fhl:ume.-"nels-:un,"nels-:n.rp.."CD5.Iug@tuxﬂﬂ?.eng.auburn.edu — O >
Eile Tools Options Help cadence

Loading HCSU SEILL routines., ..

#ARHIMG* {(defi: redefining function cd from & lambda to be a nlambda

=WARMIMG= idefi: redefining function lz from a lambda to bhe a3 nlambda

function pwd redef ined

zetting graphic drfPath to Aclass ELECEZR0 /nosu-cdk-1.6.0,.heta/cdssetup/display , drf
checking for LOCAL_CADSETURP codszinit

LEl 7

|

mmouse L: %R

[ | 7

1 =




e

Library Manager

#® |ibrary Manager: Directory ..lsovp/cadence/Modulaf_UofU/top@tux057.eng.auburn.edu

File Edit Yiew Designtanager Help

- O

cadence

X

_ Show Categories _ Show Files

Library

Cell

View

moduloG_amids

modulos|

ofl)_Digital_w1_2
Uofl) Example
Ilofl)_Pads

Uofll TechlLib_ami0&
UofU_tricounter
awvTech

hasic

hicmosahp
hicmosBhp_pads
cdsDefTechLib
cdslib

esdBhp
esdBhp_legacy
modfg_friday

Library paths
in cds.lib

New library

modulo6_amids
moduloB_wednesday

Messages

iopin
ipin
apin
New cell

Wiew -~ | Lock | Size

extracted
layaut
schematic
symbol

Views created by import.
Double click to open with
appropriate tool.

Log file is "Yhome/nelson/nelsovp/cadence/todulos_Uoflitopdlibhanager.log”.

i |

110k
48k
44k

2Bk

|Lib: moduloB_ami0g [Free: 7.84G

]
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Import digital block into Virtuoso

® Create a new Cadence library for the cell

® Attach technology library UofU_Techlib_ami06

® Import DEF layout information into Virtuoso:

® Innovus saved: mydesign.def
® Import into a the new Cadence library
File > Import > DEF
® Results in cell “layout” view
® Import circuit netlist into Virtuoso:
® Gate-level netlist saved by Innovus: mydesign.v

® Import netlist into a Cadence Library
File > Import >Verilog

® Results in cell “schematic” and “symbol” views
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In Virtuoso CIW:
File > New > Library

My library name —,

Directory for library files

# New Library@tux057.eng.auburn.edu
Library

Mame my_rew_anils

Directary (non-library directories)

LWS

nShe lzovpScadence Modu lob_Uof )/ top

_ Comprassion enabled

Technology File

w Compile an &3 CI technology file
. Reference existing technology libraries
® Attach to an existing technaolagy library

« Do not need process information

Design Manager

Mo design manager setup found

,M Cancel . Defaults | Apply . Help |

I

Attach to an existing library

# Attach Library to Technology Library@tux057.eng.auburn.edu x

Mesw Libirary g _ e _ami0s

Technology Library Us_Bths

»

Select UofU_TechLib_amiO6

»

@ Cancel  fpply o Help

Uofl_TechL ibh_amitds
avlech

hazic
hicmosBhpe
cozlef TechL ik




/ ™ Virtuosc(R) DEF In@tux034.eng.auburn.edu x

In VI rtuoso CIW: ¢ DEFIn File Name v dcadence Modu lab_UafFU S Layout. / modu Lok |, def
Flle > |mp0rt > DEF / Target Library Mame |modE_ami06 my_new_ami06
DEF file from Innovus [ENgERtery e )
My ”brary for th|S Ce” Ref. Technology Libraries
Create a module hierarchy from hierarchical names L Share Library L
Iesws Likrary L
‘ Technology From Likbirary | T
Name of top design cell —» | Target Cail Name mockiLof
. Erowse
Cell view type —| Target view Name Layout
Component YWiew List
Technology library —, | Master Library List UofU Digital vi 2
(Contains std. cells & .lib/.lIef/.v files) Overuite Design | Create CustomVias only
Log File Mame

o Use Template File & Use GUI Fields

Template File Mame

Save Template File Mame Save

Comment Char

Fin Purpose

Do not create any routing data

Layer Map File Mame

Compress —  Compress Level

k @k Cancel | Defaults | Apply | Help |




In Virtuoso CIW:
File > Import > Verilog

My library for this cell
Reference tech libraries
Verilog file(s)

Verilog models of
the standard cells
(copy to your directory)

Create schematic
and symbol views

v

v

v

\ 4

\ 4

1 Verilog In@tux057.eng.auburn.edu

Import Options Global Met Options Schematic Generation Options

File Filter Mame

likManager ., log.cdzlck
moce_fridayd
mocii Lob  def

o LoE_am 106/

moculob_soc ., v

S
mia ew =milE s |

Jhome fne lzondne lzovp fcadence Modu lob_Uof U top

Target Library Mame Tid_FE_gm 106 Browrse
—_
Reference Lihraries UofU_Digital vl 2 basic
Werilog Files To [mport mocu lob_soc, w Ao
-f Options add
—_
-y Options UofU_Digital_v1_2_behv.v add
S |
-y Options &l
—_

Library Extension

Library Pre-Compilation Options

Pre Compiled Verilog Library

HOL Yiew Mame hell

Target Compile Library Mame Elrowise

Compile Verilag Library Only

Ignore kModules File Add

-
Import kodules File add
Import Structural Modules as  (Schematic

Sthuctural view Hames

Schematic =chemnat ic Metlist netlist

Functional funct ional Symbol zymiaol

Log File LAverilogIng log Woark Area Jtmp
Mame Map Table LAverilogIn, map,table

Cverwrite Existing Yiews

Overwrite Symbaol Wiews  Mone

Verilog Cell Modules @ Create Symbaol Only o Import o Import &3 Functional

Cancel Ciefaults Apply Load | Sawe | Help




Schematic view of “modulo6”

@ Virtuose® Schematic Editor L Editing: my_new_amil& modulod schematic@tux037.eng.auburn.edu — | x
Launch FEile Edit W¥iew Create Check Options Window MNCSU Help cadence
T 1 - s — - . s - ™y e =1 Fa =
o et d 0 @ X Q Ty ] ¢ B~T T Q @ & & " 1L 1 2 »
M Basic B @ &7 Iy T & [« - I
| Mavigator 7 8 x|

Default [~ |
Q -

MHame -~
= modulob
G_reg_0_ (DS
G_reg_1_(DCHE1Y L
G_reg_&_ (DCX1)
UTE (M)
17 (MANDEXT)
U1E (MORZHE)
U139 (ACI21ET)
Hz0 (MORZET)
i
i
i

Uz1 (NANDZH1)

Uz2 (INVH1)

Uz3 (NANDZK1)

Uz (NANDZK1)

UZ5 (N1 i

Property Editor 78 x|

mouse L: I R:
13 | > Cmd: sel: 0 [




Symbol view of “modulo6

E Virtuoso ® Symbol Editer L Editing: my_new_ami06 modulot symbel@tux057.eng.auburn.edu

Launch File Edit ¥iew Create Check Options Window Help

O >

cadence

U e e F 0mWxX OTE  Lre T r [ QA E
o Basi B G %2 2@ 4@/ ® [ E
| Mavigator 7 8 X|

Default B
Q B-

Marme -
= modulob

-], CLE&Rbar

-, CLK

] e P

- L L_Char

B ] @i

- 48 CLEARbarCLEARbar
o B CLKCCLE

o I |20

-+ L_Charl_Char

o B G200

Property Editor TIEIX

mouse L:
2¢) | =

\



Layout view of “modulo6”
Abstract view- no cell layout detalls

Eﬂ Virtuoso® Layout Suite L Editing: my_new_amiDé modulod layout@tux037.eng.auburn.edu

Launch File Edit Wiew Create Vetify Connectivity Options Tools Window  Assura Optimize NCSU Help

- a X

cadence

= @ |<:%:> 0 g 8 &2 O = | ) = M.\ » :]E » || Classic

I’-F[Q‘ "*—né g - °u”1&|'\-i°| zl El » || Select Selected Mets Selected Instances Selected Objects |
Palette A X

Layers (= lib

» Yalid _ Used _ Routing

»

Q B -
B el drawing n
AN M a5 NS
Name | wis | Sel |
+ =+ -
Layer |Pu.| V| 5|
droe v |
dny W W | =
ELLT L
e w W
e W W
e W W
e W W
drws v W
e v
drwe v W
e v
iy W W
Objects (=il
OhiE[:tS | \-"| = |
¥ ¥|=
v v
: L
Objects Grids i il G
mouse L: I: R:
35) | > J|




Verify the layout (DRC-Extract-LVS)

® First - change cellviews of instances from abstract to layout

® Tools > Find/Replace

Instances (inst) —
Change view name from abstract —»

to layout

—

# Find/Replace@tux)57.eng.auburn.edu

Search

Click to add view name

Search for (inst in (current cellView add Criteria l
A A J

& tdatch all of the above o Match any of

Replace

Yiew name n == n ahstract Celete

the above

Replace viewname  Kg->  layout

Search Results
_ Zoom To Figure

Current Figure 0 Figure Count 0

add Select Deselect Replace
b AN AN AN

Frevious [4ext
S =

gy Select All | Deselect all ) Replace All § Close

Help |

e

Replace all




Layout view of “modulo6”
Layout details now shown

Eﬂ Virtuose ® Layout Suite L Editing: my_new_ami0& modulof layout *@tux057.eng.auburn.edu - O *
Launch File Edit Miew Create Verify Connectivity Options Tools Window  Assura Optimize MCSU - Help cadence
= | P |°%° G @ X &= =| @ » & » :“5 » ||| Classic HI:E'\_j @0

| To see all layers:

]

(FiSelect SelfM:0 Sel(:0 SelfO:0 |3 114900 ¥ 153.000  dX

N YT

Palette 78X
Layers [l . .
« valid _ Used _ Routing OptlonS>D|Sp|ay
Q 8-
B el drawing [~ |
AN Y B35 M 1
— Display levels
sl Start O
Layer |Pu.| V| 5| StOp 30
g el drw w |
| active drw W W=
nactive drw W gu
pactive drw W W
drw W &
drw W W
drw W &
iy w o
iy w o
dre o o
drw W &
dr v W
Objects [l
Objects A =N
L
L 1u
LA
Grids |l Il »
mouse L: hd: R

i | - | cma: |




Design rule check to ensure correct layout

Verify > DRC

Design rules file —

No violations! —

® DRC@tux057.eng.auburn.edu

Checking kethod

Checking Limit & full o incremental o by area

& flat _ hierarchical o hier wio optimization

Coordinate

Sel by Cursar
—_—

Switch Mames

Set Switches
ey

s

Run-Specific Command File

Inclusian Limit 1000 Limit Rule Errars o
Join Mets With Same MName Lirnit Run Errors o]
Echo Commands ¥
Rules File divalRC,rul
Rules Library ¥ U_TechLikb_amis
Machine & local o remote Machine
lgnare Missing Cell Masters
@ Cancel Defaults Apply Help
m Virtuoso® 6.1.6 - Log: /home/nelson/nelsovp/CD5log@tuwx)37.eng.auburn.,  — | et
Eile Tools Options Help cadence
DRC started,.,....Tue How 28 10354300 2017
completed L, .. Tue Mow 28 10:54:00 2017
CPU TIME = 00:00:00  TOTAL TIME = Q030000
ek k] Summsry of rule violations for cell "modulot layout” EREE RN R TR

[ Total errors Found: 0

[

N 11

o

nmouse L showClickinfor td: setDRCF armi)

R: _l<HikousePopUpi)

1|:a-

™~




Extract to prepare for LVS

Verify > Extract

Extraction rules file —

#® Extractor@tux)57.eng.auburn.edu

Extract tethod & flat

Wiew Mames Extracted

extracted

Excell

Switch Mames |

Run-Specific Command File

w macro cell o full hier  incremental hier

excell

Set Switches
e

Inclugion Limit 1000 Limit Rule Errars  _ @
Join Mets With Same Mame LJ Limit Run Errars @
Echo Commands L4

Rules File divaERT,rul

Rules Library ¥ _TechlLib_ami0f

Machine & local o remote tachine

Ignare kissing Cell Masters J

mL Cancel . Defaults | gpply ) Help

“extracted” view added to cell

Cell

View

modulok

laryout] I

' schematic
symhbal




Perform layout vs schematic check

Verify > VS

Browse to select
schematic & extracted —
cell views from library

LVS rules file —

[€] Artist LVS@tuxD57.eng.auburn.edu — O >
Commands  Help cadence
Run Directory LWS Browse
S
Create Metlist ¥ schematic » extracted
Library  my_rew_anils fig_rew_amils
Cell mociu Lok mociu Lo
Wi zchemnat ic extracted

Browse | Sel by Cursor | | Browse || el by Cursor
L A g U U -

Rules Filg

Rules Library

dival¥S,rul Browse
e

¥ Uofl)_Techl ib_ami0f

LwE Options ¥ Renwiting _ Device Fixing
_ Create Cross Reference @ Terminals

Carrespondence File _ g

p lvs_corr_file Create
Switch Mames
Priarity o] Run (Background

Run Output Errar Display kA onitar Info
L LS T S
Build Mixed

\ Backannotate

Farasitic Prohe
v 9 A

Build Analog |




Top-level bottom-up design process

® Generate block layouts and for each block:

® Create a Virtuoso library for each block
® Import DEF file and Verilog netlist
® Perform DRC-Extract-LVS on each block until “clean”

® Create a block diagram schematic in Virtuoso Schematic
® Create a library for the top-level block
® Create a schematic view
® Instantiate schematic symbols from the library

® [nterconnect with nets and add pins

® Check and save

® Create a layout from the schematic diagram
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Top-level block schematic in “Schematics XL’

@ Virtuoso® Schematic Editor L Editing: UofU_tricounter tricounter schematic@tux057.eng.auburn.edu — O x

Launch FEile Edit Miew Create Check Options Window MCSU Help cédence

e e d 0 @ X O T ¢ -7 v QA QA E L LEeE
-0~ Basic - RN N R I - I

| Mavigator

" Default

Q

Mame
= tricounter
- 10 (modulog)
11 (moduloB)
12 (moduloB)
ClearBar
CLE

l=2:0= o moduled

.

L_Char
netz0<0:2=
netz1=0:2=
Q0=
ClearBarP__0
CLEP__2

- le2:0=P__3 _
- =@ |_CharP__1 Coredulsl o - -

,_|

Property Editor

Layout blocks




Creating the block diagram

® Library Manager: File > New > Library

(new library for the block diagram and its layout)

* Library Manger: o e e .
® Select the new library o [TﬂldkL B]
¢ File > New > Cell View LPW e B
e Fill in the form T m——
e

® OK to open “Composer”

Library path file

i/nelsovp/cadence/Moduloé_UofU/topfcds.lib




Drawing schematics

® Add instances:
® Create > Instance
e Select cell from lib.
® Move cell to position
® Left click to place
® Repeat for more inst’s

e ESC to exit

#® Add Instance@tux062.eng.auburn.edu *
Library |my_new_amiBé B . Browse |
Cell |modulob B
View Isymhul B
MNames ]
& Add Wire Stubs at:
. dll terminals #& registered terminals only e
Array Rows 1 Columns 1
. A~ Rotate | Ak Sideways | | = Upside Down
m . Lancel | Defaults . Help




Drawing schematics

* Add pins:
® Create > Pin
® Enter name(s)
® Move cursor to position
® Left click to place first
® Repeat for each pin
® ESC to exit

#® Create Pin@tuxd62.eng.auburn.edu x

Names |CLRN L_CN Clock Din<2:@s |

Direction |input

Usage |schematic

Signal Type |signal

— Expand busses

__ Place multiple pins

P Net Expression  __ Aftach to pin
b Supply Sensitivity

Rotation \E'/\ﬁ/\:ﬁ/\&/

@  cancel  Defaults . Help




Drawing schematics

o Add wires:

® Create > Wire (narrow)
® Cursor to pin

® Left click to begin

® Cursor to other pin

® Left click to end

M Add Wire@tux062.eng.auburn.edu

Craw Mode route n Route Method
Wit o
Color | |cadetBlue | H
Line Style [solid | H
m . Lance|

Defaults

Pt

full n

HE|E

(Left click in between for “bends”)

® Add more wires.

® ESC (Cancel) when finished

® Create > Wire (wide) for buses

® (Create > Wire Name to name a wire

® Check > Current Cellview to detect drawing errors

® File > Save (Schematic) and Close




Individual wires from buses

e Buses inherit pin names
 Bus A<1:0> contains wires A<1> and A<0>
 Use Create > Wire name to change wire name(s)
« Use individual wire name from bus to connect to
single-wire pin




Generate layout from the schematic

From Schematics Menu:
Launch > Layout GXL

# Startup Option@tux57.eng.aubur... X # Open File@tux057.eng.auburn.edu pod
Fhysical Implementation Startup Options File
. ; Cells
Library | UnfU_tricounter
Layout Lricounter
— Create Mew & Open Existing Cell Lricounter
- W ienw [Jayout
Configuration Type layout.
« Create Mew . Open Existing
Erovese
2 Automatic —_—
Application
@& cancel | Help Open with  (Layout GHL B
_ Ahkays use this application for this type of file

Open for & cdit o read

Library path file  Ahanednelsondnelsovpscadence Modulob_UofUsStopdods, ik

\ Cancel | Help |

™~




e

From Layout Menu:
Connectivity > Layout GXL

Or click icon in
bottom left corner:

™ Generate Layout@tux037.eng.auburn.edu

Generate If2 Pins PR Boundary Floorplan

Generate

¥ Instances

_ Chain _ Fold
o 110 Ping
_ Except Global Fing
_ Except Pad Fins
PR Boundary
_ Snap Boundary

Chain Folds

<

Position

binimum Separation: 1 — In Boundary

Device Correspondence

_ Preszerve User-Defined Bindings

Connectivity Extraction

# Extract Connectivity after Generation

Pt

Select desired metal layer for 1/O pins

™~

™ Generate Layout@tux057.eng.auburn.edu
Generate IO Ping

Specify Default Values for All Pins
Layer:

PR Bounda

Specify Fins to be Generated

Width:

W n=tal3  |drw '1,5 1.5 1
=

x

Floorplan

Height:  Mum: Create:

Apply

Fin Label
_ Create Nahel As: = Label

Text Display

\ Cancel | De

Selact: Mumber Of Matches: 0 idd New FPin...)
Term Mame  Met Mame Layer Width  Height Mum Create
"CLE" "CLK" {'metal3" "drawing"} 1.5 1.5 1 A
"ClearBar" "ClearBar" ("metal3d" "drawing"} 1.5 1.5 1
IR "I {"metal3" "drawing") 1.5 1.5 1
"Il "Il {"metald" "drawing"} 1.5 1.5 1
"IE "I {"metal3" "drawing") 1,5 1,5 1
"L_Char" "L_Char" "metal3d" “"drawing"} 1.5 1.5 1 v
- et e RS ,__
Mame: Layer: Width:  Height:  Mum: Create:
1 Update
Q‘. joiru | R0 0.9 1 ¥ f

Dations...
e

You can select individual pins if desired

m\ Cancel . Defaults /| Help |




Before module and |/0 placement

Valid _ Used _ Routing

W
Q B-
# w

]

This rectangle
IS prBoundary

Blocks initially
outside —
prBoundary

Kk KEERRKIEKIKIEKFKK|<|=

Objects

(=3

To V|ew blbmé-k details: Options > Display form - set display Iévels “Stop” to 30



Drag blocks to desired
floorplan locations

“Move” hotkey = m

Note the block
connections.

These will also be
highlighted in the
schematic window.

I/O pins
all in
bottom
corner




s

After placing modules

To see the nets:

Palette gl =lib 4

Layers & X

w Valid _ Used _ Routing
Q 8-
[ el drawing n

B Ry &35 M3

Hame | Wis | Sel|

+ =+ -

Layer [Pu.| V| 3|
tiveel drw o W]
i active drw W W
B nactive drw & W@
B pactive  drw ¥ W
[ nselect drw W W | =
[ pselect drw W W
Bl poly drw o o
alec drw w W
B retan dre o ¥ |
B retalz drw W W
metald dry W W
drw W o
Bl vi= dry o W
B viaz dry W W
[ oass drw W W
Il highres drv o W
B nodrc dre o W
B nolpe dry W W
e pad dry o W
[ et [T Y
Objects 7 X
Objects [ =N
- Instances ¥ W=
Pins v !u
Wias ¥ W

Connectivity > Analyze
Connectivity > Nets > Show/Hide All Incomplete Nets

I/O pins
all in
bottom
corner




s

Zoom in on lower left corner to view I/O pins
- Select and drag manually to desired boundary edge
- Or auto-place the pins (next slide)

Palette brall =l
Layers & x
» Walid _ Used __ Routing
Q B-
rwell drawing B
AV MW AS M5
Hame | Wiz | Sel|

+|| -+ -

Layer |Pu.|
drw
drw
drw
drw
drw
drw
drw
drw
drw
drw
drw
drw
drw
drw
dr
drw
drw
drw

o
rire

KEKKRKKEKEKRKKRERKRKRKRKR K[]K]=

Itk KRRk kKK kKKKERKKR|[K=

m K
x| |

Objects

Objects |
i Instances

_'U
=
oy
KK <=
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Autoroute pins:
Place > Pin Placement

To place pins on
specific edges:

Select pins to be placed —

Select Edge and Apply

™~

Can place as in

#® Pin Assistant: UofU_tricounter tricounter layout@tux037.eng.auburn.edu

Pin Placement Fin Optimization
Edit Filter
& Top Level Ping o Level-1 Pins Edge All

Status ar Type (Al n

the schematic «

Place As In

Schematic

_ Auto-Switch to Level-1 Iterated Pins

e By Mame .= Filter Interleave
—_— Unintetlaave
Pin MName |Edge -~ [Order |Status [Type |Layer |width |Height —
DeZ=De? =0l bottom 2 O metald 1.500 1.500 Expand
Gl =] =@ = bottar 1 O metald 1.500 1.500 Collapse
G0 Q=G0 bottom O O metald 1.500 1.500 —_—
lzaleZales top 2 | metald 1500 1500 Al
kT sl<T sb top 1 I metald 1.500 1.500 & Selected
[ P, tap 0 I metald 1.500 1.500 rm—
CLICCLKCLK left 2 I metald 1.500 1.500 changefbndey
L_CharlL_CharL_Char left 1 | metald 1.200 1.500 i
ClearBar:ClearBar:ClearBar left i | metald 1.500 1.500 r@iﬁé

Change pin R

A | pins (| *

order on edge—==
g Create
Rail
Message HRail
| Ready t0 place pins along specified edge. | —_
. Zoom
Attributes
Edge Crder Placement Status Constraint Zoom QM
—— —
" |asis B fs is A5 05 B Apply i
Shape L

Layer Asls n Width RS IS Height AS IS |

Fin Spacing

Walue Spacing type \CENter-center n

Space from LEFT/EOTTOM pin Space from CEMTER pin

Re-Flace Pins ‘ hin

&1l Edges n

Update Constraints

Space from RIGHT/TOP pin

@ Defaults Help

k Layout updated automatically — continue changes until happy with arrangement /




Final pin placement




metall o W

Objects
Ohie




Example” wires connecting power rings
you may choose different wires/layers)

connec

R

R T S S

For 2+ [F o+ o+ 4+ o+ o+ o+

‘wire; connect




Signal wire routing:

Use the Virtuoso Autorouter
(Virtuoso Space-Based Router)

Route > Automatic Routing

Default values recommended.

#® Automatic Routing@tux057.eng.auburn.edu — O X

Operate on

& CellView

Style Device Level

Default Canstraint Group | virtuosoDefaulEsxtractorsetup

Routing and Taper Layers

Top Layer: metald n Boftam Layer: paly n
Use Grid

& Manufacturing . Routing

__ 3Special Blockage Treatment

& Treat as Minimum Width Treat as Minimum Space
Ilgnore Blockage Spacing ¥ [gnore Routespec Spacing
Route Mets of Type Mets n
Met Options Optiong

Miscellaneous

__ Attempt to Use Double Cut ¥ias | Taper Pin Width

Autorouter Extraction Optiong
Sequence
Step | Cptions| Scheme| Run |Checkpaoint Save |

Initialize Edit | Default a

Global Route 1 _Edit | Default I I '
Local Route Edit | Default I I '
Conduit Route | _Edit | Default I I IS
Detail Route Edit | Default a I IS
Refinement Edit | Default a a IS

Write Script m Cloze




Fully-routed circuit block

Run DRC-Extract-LVS

m Virtuoso® 6,1.6 - Log: /home/nelson/nelsovp/CD5.log

Eile Tools Dptions Help

completed . ...Fri Dec 1 11:31:d0 2017
CPU TIME = 02:00:00 TOTAL TIME = Q0:00:0

sxxaaxxxx Summary of rule wiolations foif ce
Total errors found: O

maouse L: showClickinfog)
1 | >

SAVE!




Block symbol (to connect to I/0 pads)

#® Cellview From Cellview@tux065.eng.auburn.edu *

Library Mame ofl_tricounter Brose

With Schematic Open:
Create > Cellview > From Cellview mmp

From Yiew Mame | $¥mbol n

Cell Mame tiricounter

To Wiew Mame achenat ic

Check and Save Tool ¢ Data Type  SChematic B

Display Cellview
Edit Options

L4

Marme -
= tricounter E . @Y cqncel | Defaults | Apply  Help
ClearBar
CLE
[=2:0=
L_Char
Gl 0=
-~ ClearBarP__ 2
- CLK:P__ 3
ol | 0= P
-l | CharF__0
ol g 0=F__ 4

,_|
sl
—5 & & & _&

i [@ P u:::i rt H a m H]

| Property Editor 78 X

-




e
Prepare for full chip layout

® Make a new PadFrame library (so you can edit Frame1_38)
e Attach to UofU TechlLib ami0O6

® Select cell Frame1_38 in library UofU_Pads
* Copy it to your PadFrame library (Edit > Copy)

If you get an error message, click “Fix Errors” and then OK

* Edit your pad frame schematic to change pad_nc instances to

pad_in or pad_out for your circuit I/O signals
® Decide which pins you wish for circuit I/ O signals

® Create a symbol view from the edited schematic
® (Create a schematic comprising circuit block and pad frame

o Edit your pad frame layout to match the schematic
® Change pad properties from “pad_nc” to “pad_in” or “pad_out”

® Create chip layout from chip schematic

-




Pad frame schematic showing |/0O pads

Use the Framel 38 cell that you copied to your PadFrame library

| Mavigator 7 8 X|
" Default ~ | und
Q - I 14131211 16 9 B 7
M ame ~ I *
o IIIIIIIIWI
B = 10 {pad_nc) . . . . .
B = 1N {pad_nc) = -
B = 12 {pad_nc)
" K I3 {pad_nc) +r__::-l_'_I * 0
G- = 14 (pad_nc) hd N te
B = 13 {pad_nc) 24 . . ) .
31 16 (pad _nc) Schematic:
&= IF {(pad_nc) —_———— {0
B = 16 (pad_gnd ) *T . . 75
B = N0 {pad_nc) i Vd d/g nd placed .
B = 11 (pad_nc)
G- = N2 (pad_nc) ' ’ Oth ers pad ncC. 51
B = N3 (pad_nc) — o
B = N4 (pad_nc) L . [ 2
i | M5 fmad Bl — . .
Property Editor 7.8 x| | . .

.
.

|1"]

TI ‘_1_5-'—_ .'—_F' I:_.':II!..J




Modify pad frame schematic for your project

® Leave VDD and GND pads

alone — unless you really

want them elsewhere.

® Decide which pad to use for
each I/ O pin on your layout

//

block.
° Change Cell Names of

desired signal pads from

pad_nc to pad_in or pad_out

® (Click on pad to select it

® Open properties with hot key

“q” or right mouse button

™~

#® Edit Object Properties@tux058.eng.auburn.edu
Apply To only current n instance n
Shiaw _ system » user » CDF
. Browse | ResetInstance Labels Display
Froperty Walue Display
Library Mame UofU_Pads E'_Bﬁ
[ cenrame padrne | CLA -
Wiy Mame zymbol E'ﬁ _n
Instance Mame  I10 off n
\ add - Delete | Modify
User Propery Master Value Local Value Display
interfacelLastCh.. L 12:03:02 2003 off n
partMame pad_nc off n
vendortame off n
€& cance Apply Defaults || Previous | Mext | Help




» Connect wires and pins on outside of frame, representing external connections

Mavigator

EIE'T-E”.”t + + + r + + +‘ + + + +?=g|:'|d
Q, 15'{41312111@[@5?5

Marme ' ' ' ' T anD
Framel_38 s 1 1

0 {pad_nc) . . . ’ . . I . IT
I {pad_in) L | |
12 {pad_nc) !
I3 {pad_in) * T - * * ' )
14 {pad_nc)

15 (pad_in) .. . 29 | .Add wires & pins to
I6 {pad_nc)

17 (pad_nc) inside of frame to
18 (pad_gnd) . . . + : .

no (pad_nc) Connect tO CII’CUI'[
N1 (pad_nc)

N2 {pad_in) ! ' ’ ’ ' -bloek

3 (pad_in)
N4 (pad_nc)

HE frmad Bard

FProperty Editor

..
..
..
..
..
..
..
..
..
..
..
..
..
..
ri.

1

.
| |
I

+J‘ + \L he ¢ + oo |+
49 Sﬁ 51 52 5|5 B4 5;5 56 57 58
b B7=vdd




Example: pad In (similar arrangement for pad_out)
. Dataln and DatalnB connect to circuit
. pad represents wire-bonding connection

. Use related, but different, pin names
(Ex. Pad ClearBar and ClearBar)

[ /

Pad input pin: Pad output pin:
Pad_ClearBar input to Pad ClearBar output of Pad
will connect to external input. will connect to ClearBar

input of the circuit.
It's OK to leave one of these
unconnected.




Q<2:0> bundle connects to pad_out inputs.
Add labels <0> <1> etc. to individual wires connected to the pins.

Likewise for Pad Q<2:0> pad out output bundle below.

' Input: pin .

C h ec k .. . |. podonc | . H . .|, podinc .
a n d . R ks I:I. e R . . '.Zl 0 -:ZZZI. AL




s
Modify pad frame layout to match schematic

 VDD/GND pads already placed. Other pads are “pad_nc”.
« Select each desired signal pad, open properties, and change Cell
from pad nc to pad _in or pad out.

49 o GH B2 | oHk 30 30 5 58

\ pad_out




4 | ™
Add “pin shapes” to each pad

» Select metall in the layer palette

« Zoom in to metall next to wire-bond pad Enter Terminal Name
i Menu: Create > Pln # Create Pin@tux038.eng.auburn.edu X
tAode & hanual o Auto
n - = " g — Connectivity & Strong o Weak
[ Paletie 7E X Terminal Matmes |Pad_L_[2bar — Physical Only

Layers [l
» Walid | Used _ Routing

Q 8-

— keep First Name ¥ Pitch 0 ¥ Pitch @

__ Create Label Options...
__ Create as ROD Ohject

W netan oraving g e o Select rectangle
& [+ W 85 S
Hame | Wi | Sel | Fin Shape ® rectangle o dot o polygon o circle
[ | | 10 Type < input O output & inputDutput o switch

_ jumper _ unused _ tristate

Layer [Pu.| ¥ | S| S RRER Snap Mode orthogonal g
@ el dre o o 3 Access Direction v tap ¥ bottor o left ¥ right
B active dry W W= REN : : & any O none
Bl nactive  dry @ 0y
i pactive dry W W
W rselect dry v @ €I  cencel | Help
Wl pselect dry @ @
B poly dra o W
elec dry W W
metall drie o |
metal? dny W W .
[ metal dry W W TO see p|n names.
drd W W . .
Objects 8 x| HII““ Options > Display
. Objects _|V].5] _ & check Pin Names
;----Instances W g@
- Ping ¥ ¥ :
\ %----"-,"ias L L . . . . . B = i & /




e

Also add pin shape on metal 2 for connections
to circuit block.

» Select metal2 in the layer palette
e Zoom in to metal2 pin on inside of pad frame: Dataln or DatalnB or DataOut
e Menu: Create > Pin (as on previous slide)

Make sure you draw your metal2 rectangle within the pin area

Palette

=l

Layers

5

» Valid _ Used _ Routing

Q

I rneta2 drawing

-

BN PN

&35

M3

Haime

| Wis | Sel |

P | |

~ | Laver |Pu.] ¥

5

B rvell drw o | |

B active drv W o |=
B nactive  drw & &
B pactive  drw w @
W nselect  drw W W
W pselect  drw W W
B oy dre o W
elec dree o W
tetall dree o W
metal? dree o W
metal dre o

- dre W W

Ohjects & x|
Objects | V| & |

b Instances FEFIS
i Pins v
i ¥ &

Pin name from
circuit side
of the schematic

DRC and
Save




4 N
Create a symbol view of the pad frame

B Cellview From Cellview@tux038.eng.auburn.edu x

Litrary Mame

Browse

In the schematic window:
Create > Cell View > From Cellview

Ceall Mame Framel_ 38

From Wiew Mame ($chematic n

To View Mame symbol

Tool / Data Type  (SchematicSymbol [~ |

Display Cellview

<

Edit Options ¥

+

: [l'_-"-l |:|-:::I rt rf']-::l F:I'IE:i

b l::'m?I_l'.';il E'I:I rEh r: F"T'L




s

-+ Fad_ClearBarP__1

-l Pad_CLK:FP__0
ool Pad L-7n-P %

Create a new schematic connecting
circuit block to pad frame

I {thcounter)
net1z

netld

net1a

netl G=0:2=

netl F=l:g=
Fad_ClearBar
Fad_CLE

Fad_|=&:0=
Fad_L_Char L
Fad_G=Z:0=

| Property Editor 7 8 X|

 Check and Save

e Create layout from schematic: Launch > Layout GXL
Similar to creating block layout from its schematic,
except for I/O pins. (see next slide)




From Layout Menu:
Connectivity > Layout GXL

™ Generate Layout@tux037.eng.auburn.edu

Generate ¥ Ping PR Boundary Floorplan
Generate
M Instances
S T~ T — = I hain Folds
# /0 Pins

UNCHECK
/O Pins

_ Except Global Fing
__ Except Pad Fins
PR Boundary

_ Snap Boundary

<

Position

binimum Separation: 1 — In Boundary

Device Correspondence

_ Preszerve User-Defined Bindings

Connectivity Extraction

# Extract Connectivity after Generation

Cancel De
e — " s—

4 Create chip layout from the chip schematic
 Launch > Layout GXL from the schematic window

Or click icon in
bottom left corner:

% & Apply

™ Generate Layout@tux057.eng.auburn.edu
Geherate IF0r Ping PR Boundary Floorplan
Specify Default Values for All Pins
Layer: Width:  Height:  Mum: Create:

W n=tal3  |drw '1,5 1.5 1 Apply

Specify Fins to be Generated

select: Mumber Of Matches: 0 Jadd New Pin...
Term Mame  Met Mame Layer Width  Height Mum Create
"CLE" "CLK" {'metal3" "drawing"} 1.5 1.5 1
"ClearBar" "ClearBar" ("metal3d" "drawing"} 1.5 1.5 1 B
IR "I {"metal3" "drawing") 1.5 1.5 1 E
"Il "Il {"metald" "drawing"} 1.5 1.5 1
"IE "I {"metal3" "drawing") 1,5 1,5 1
"L_Char" "L_Char" "metal3d" “"drawing"} 1.5 1.5 1 =
- et e RS _.__
Mame: Layer: Width:  Height:  Mum: Create:

B 0.9 0.9 1~ | Update
Pin Labhel

__ Create Lahel As: = Lahbel
Text Display

Dations... |
—_—

Select all pad pins,
UNcheck “Create”,

Cefaults Help

™~




g Complete the chip layout A

« Move pad frame into prBoundary
 Move and position circuit block
within the pad frame cavity

» Draw VDD/GND wires
(metall) from pads to
pad rings of blocks

|
A

J
I
e

z

(make width about 3x a7 R
that of pad ring wires) o 5 ¢ @
 Autoroute signal wires N
= Bt B

2 1

36 B Bl i

" Save -y
RN *":Hi




Placement of frame and core

From
E. Brunvand
Book

Figure 12.18: Frame and core placed in Virfuoso-XL




Power/ground routed manually

From
y o B 7 E. Brunvand
Urpreght of D0 X001 Umwey eoge Some b AL ghs mm e dwvs dweks. Brprem £ wis permne BOOk

Figure 12.4): Frame and core placed in Wrivese- X1 with vdd and gnd routing compleied

/
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Before S|gnal routing

LRy e

Ly ASRETYDRY A ST Y E o] A Wi i

] pr—— F!

Fie  BSEL W Nl Dulae  HAEEs Adlorsdle Segaorl

[ ]
L
- |

g
fa

AENHEEEEE

P T S T

|4
FH
=
=

L Lo it e 15 (WIS E BIE @ nex Bl

T EE e

Uscomnacia: 15 Cenficia: @

ﬂu-'l-ml'i g pam;

lats iamroare. B Bl e Hei- 0 -2E ekl 5] L1
s righl (S, TN Ol Thmge Sy en lec i opn sened wende ks, Keried wil pranes,

Figure 12.:21: Frame and core before routing in coar

ComspinSm: 00 % Ciprosd Hed: B ol

¥ Denckiag

From
- E. Brunvand
Book




After signal routing

g i T il Csner lmge Sy, b AR ngbc meredwnndwh. Brpee d i parmooes

Figure 12.22: Frame and core afier routing in Vinwoso

From
E. Brunvand
Book
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