ASIC Physical Design
Standard-Cell Design Flow

Using the Cadence Innovus Digital Implementation System
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EDI design flow
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Design Import (specify input files)

i i ® Design Import@tux035.eng.auburn.edu - O >
File > Design Import
Hetlist:
. & erilog
Gate—level net“St Files: fsyndmodulog_1.v 4'
Verilog f||e(S) Top Cell:_ Autd Assign & By User: modulof
o DA

Library:| Bl
CEII:__ |~ |
Wi |~ |

PhySICaI data (LEF) Technology /Physical Ijhr;aries:
Technology Cells _ o

Feference Likraries: |
Shstract Wiew Mames:
Layout Wiew Mames:

® LEF Files i_celllv.20130404/1efIBM_BICMOSEHP_SC_1P2Y_12T_RVT_0317121ef ... |
- - Floorplan
IO pln plannlng 2 &ssignment File: LI
Power
Power planning Power Nets: VDD

Ground Mets: W55

CFF File: Ll

TI m I ng data and Analysis Configuration
constraints MMMC View Definition File:  mmmc.tcl LI

. Create Analysis Configuration ..

Executes init_design
command to load data.

Save.. Load... Cancel Help




Netlist files

» Verilog gate-level netlist(s)
Gates from the standard cell library
Design can be hierarchical or flat
Tcl commands:
set design_ netlisttype verilog
set init_verilog [list filel.v file2.v]
set init_design_set_top | ~—— 0 to auto-assign top cell

set init_top_cell “top” <«—— specify if above = 1



Physical/Technology Library

» Libraries in LEF (Library Exchange Format)
» Technology Library

Technology-specific characterizations of metal layers, vias, etc.

» Standard Cell Library
Abstract view of each cell (box, pins, obstructions)
Includes metal layers for pins (read tech. library first!)

» Tcl command:
set init_lef file {\

*/techlef/v.20160204/lef/bicmos8hp 6AM 31 tech.lef \
*/std_cell/v.20130404/lef/IBM_BICMOS8HP _SC P2V _I12T RVT_091712.lef \

\

For * insert /class/ELEC6250/cmos8hp



Setting up MMMC analysis

Analysis View
(creale_analysis_view)

Delay Calculation Corner Constraint Mode
(create_delay_corner) [create_constraint_moda)

Power Domain
Definition
(update delay corner)

RC Corner
(create rc_corner)

Operating Condition
(create_cp_cond)

Library Set
(create_library_set)




# Multi-Mode/Multi-Corner (MMMC) Analysis Setup
# Configure 1-corner single-model MMMC

# Timing constraints file from synthesis
create_constraint_mode -name CONSTRAINTS -sdc_files { ../syn/modulo6_1.sdc}

# Create operating condition (P-V-T) for the timing library

create_op_cond -name OPcondition \

-library_file
{/class/ELEC6250/cmos8hp/std_cell/v.20130404/synopsys/typ_v120 t025/PnomV1p20T025
_STD_CELL_8HP_12T.lib} \

-P {1} -V {1.2} -T {25}

# Use typical timing library file for this design

create_library set -name TYPIlib \

-timing
{/class/ELEC6250/cmos8hp/std_cell/v.20130404/synopsys/typ _v120 t025/PnomV1p20T025
_STD_CELL_8HP_12T.lib}

# Create RC corner from capacitance table(s)

create_rc_corner -name RCcorner \

-cap_table
/class/ELEC6250/1BM_PDK/BICMOS8HP_Fire_Ice/bicmos8hp_cadence_20160215/cadence/v.
20160215/captable/bicmos8hp 6AM_31 nm.CapTbl \

-T {25}



# Multi-Mode/Multi-Corner (MMMC) Analysis Setup
# Configure 1-corner single-model MMMC

# Delay corner = timing library plus rc corner

# Worst-case corner = max delay/affects setup times

# Best-case corner = min delay/affects hold times

# For 1-corner use typical values for both

create_delay corner -name DELAYcorner \
-library_set TYPIib \
-rc_corner RCcorner

# Analysis view = delay corner matched to constraints
create_analysis_view -name TYPview \
-delay corner {DELAYcorner} \
-constraint._mode {CONSTRAINTS}

# Set analysis view to above for both setup and hold
set_analysis_view -setup {TYPview} \
-hold {TYPview}



Floorplan I/O assignment file
» Specify placement of I/O pins on the “l1O box”

NN\

<7 CORE >
>

A A

» Read pin placement from file via Tcl command:
set init_io_file {moduloé.io}

» Placement can be adjusted via Pin Place tool or editPin
command

» File format on next slide



IO assignment file format

(globals

(iopin

version = 3
io_order = clockwise
total_edge = 4

space = 2

(left

)

(top
(pin
)
(pin
)

name = "I[0]"

layer = 3

width = 0.5

depth = 0.6

skip = 2
place_status = fixed

name = "I[1]*

layer = 3
width = 0.5
depth = 0.6

place_status = fixed

place pins in this order
4 edges on the 10 box
global spacing of 2um between pins

start pin definitions
pins on lieft side

pins on top side

pin name

metal layer for connecting wire
pin dimensions

skip 2 positions to get away from corner

Continue for other pins, including right and bottom sides



Power planning

» Specify power/ground net name(s)

» Tcl commands
set init_pwr_net {VDD} VDD net name(s)
set init_gnd _net {VSS} GND net name(s)

» CPF (Common Power Format) file is optional
Can be used for low-power design and timing
Useful for multiple power domains required

TCL command:
set init_cpf_file {modulo6.cpf}



Analysis Configuration

» MMMC View Definition File
Multi-Mode/Multi-Corner analysis

Specify timing libraries for process “corners”

Worst case and best case timing (min/max delays, etc.)

Used to meet timing constraints and calculate delays

» If MMMC info not provided, physical design only

» Tcl command:

set init_mmmc_file {moduloé6.tcl}

» MMMC to be discussed later



Floorplanning a standard cell block
(assume no hand-placed blocks)
10 Box (pin locations) Chip floorplan

has modules
and 1I/0 pads

< Core Cell N

GND
rails

Power rings

Space for I




Specify floorplan
¥ Specify Floorplan@tux055.eng.auburn.edu — O

Basic advanced

Design Dimensions

Specify By: & Size _ Die/AO/Core Coordinates

s Core Size hy: & &spect Ratio: Ratio (HAY): 344354126

& Core Uilization:  0.63996R

- Cell Utilization: = 0.699366

_ Dimension: Width:w

Height: 14 .4

- Die Size hy: Width: J9.62
Height: a4 .4

Core Margins by e Caore to IO Boundary
.. Core to Die Boundary
Core to Left: 10.0

Die Size Calculation Use: . Max 1O Height &  kin 1O Height
Floorplan Qrigin at: ®& Lower Left Corner . Center

Unit; kdicran

Core to Top: 100
Core to Right: 10.0  Core to Bottom: 10.0

m Apply icancel Help

Specify by size
or by coordinates

Core size “aspect ratio”

0.5

1

Core utilization %
leaves space for routing

Core to 10 boundary
leaves space for
power rings



Floorplan Tcl Command

» Initiate floorplanning and generate tracks

setDrawView fplan - display floorplan view
setFPlanRowSpacingAndType $rowgap 1 1 every row
floorplan —r 0.8 0.7 20 20 20 20 2 every other row
\ left bottom right top
Core-to-10 spacing

Aspect

tolo (H/W)

Density

» Can also specify core and/or die & 10 pad dimensions
» Defaults: 10 pins vs Pads,
1st cell row flip from bottom up
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Power Planning:
Add Power Rings

Around core
or 1/0 box

For each side:

 Metal layer

« Metal width

 Spacing between
wires

o Offset from
boundary or
center in channel

® Add Rings@tux055.eng.auburn.edu — O

Basic Advanced Wia Generation

MNet(s): VDD VS| ]
Ring Type
& Core ring(s) contouring
& Around core houndary o Along WD boundary
__ Exclude selected ohjects
. Block ringis) around
® Each block
Each reef
Selected power domainfences/reefs
Each selected block and/or group of core rows
Clusters of selected blocks and/or groups of core rows
With shared ring edges
— Udser defined coordinates: Wouse:

& Core ting Block ring
Ring Configuration
Top: Bottam: Left: Right:
Layer: (KMIHP (MIHE | M2V R MEZY R
Width: 2 P £ P
Spacing: 5 il a il Update
Offzet: . Center in channel & Specify
0.e 0.z 0.e 0.z
Option Set

A\ Edit &dd Ring Sptian

Set bode, | Apply | | Defaults | | Cancel |, | Hslp




Power Planning

» Specify configuration of power rings

setAddRingMode —stacked via top layer M3
-stacked_via_bottom_layer M|

addRing —nets {VDDVSS} \
-type core_rings \ Around core
-around user_defined \ boundary
-center O \ 1 to center

. rings in channel

-spacing $pspace \
-width $pwidth \
-offset $poffset \

-threshold auto \

-layer {bottom M| top MI right M2 left M2 }
Metal wire layers



PETEN B W R e e TR R & ([HR &
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Hin:
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Power RINGS [ — e |
modulo6

Cove
Fhys
10 C
Area
Elac
EHMi
FHne

Ground

Power

Click to select single object. Shift+Click to de/select multiple objects. Q I|SelNum:El |(9.586, 39.300)



Power stripes

Optional: Additional connections from power rings
to power/ground rails in the core.

Tcl command: addStripe



Add Stripes
Tool

Stripe wires

Between sets of stripes

Use rings around core

Space from core edges

™ Add Stripes@tux060.eng.auburn.edu — O
Basic | Adwvanced | Wia Generation
Set Configuration
Metfs): VDD WEE |
Layer: Mz » | Direction: & ‘erical — Horizontal
Width: 2 Spacing: 2 Lpdate
et Pattermn
& Set-to-set distance: 100
. Mumhber of sets: 1
. Bumps s Ovyer Eetween
 Owver P/G ping  Pin layer: |\ ap pinglayes BAa pin width: 0
& haster name: Selected blocks &l hlocks
Stripe Boundary
& Core ring
. FPad ring Inner & Outer
. Design boundary w Create pins
. Each selected block/domainifence
_ Al domains
. Specify rectangular area
— Specify rectilinear area
FirstfLast Stripe
Start from: & left  _ right
= Relative from core ar selected area
# from left: 20 # from right: 0
. Bbsolute locations
Option Set
A\ Edit Aol Stripe. Dptior
Joet Mode | . Apply \Defaults . Cancel . Help




Add power stripes Tcl command

# Make Power Stripes. This step is optional.
# Check the stripe spacing (set-to-set-distance = $sspace)
# and stripe offset (xleft-offset = $soffset))
addStripe -nets { VSS VDD } \

-layer M2 \

-width $swidth \

-spacing $pspace \

-xleft_offset $soffset \

-set_to_set_ distance $sspace \ —

-block_ring_top_layer_limit M3 \
-block_ring_bottom_layer_limit M1 \ Lowest layer to
-padcore_ring_bottom_layer limit M1 \ L use if object
-padcore_ring_top_layer_limit M3 \ encountered
-stacked via top layer M3 \

-stacked_via bottom_layer M1 \ _

-max_same_layer jog_length 3.0\
-snap_wire_center_to _grid Grid \ Merge with core ring
-merge_stripes_value 1.5 <——— if this close



Power stripes
added to rings




Special route — VDD /VSS wires

between rings and core power rails

# SRoute@tux055.eng.auburn.edu

Basic  Adwvanced  Via Generation

- O

Metis):  wDD V33
SRoute

Routing Control
Layer Change Control

& Allow Jogging

_ Area
Hl: W
e i

Top Layer: | &k » Eottom Layer: | kA1 »

o Allow Layer Change

Connect to Target Inside The Area Only
__ Delete Existing Routes
__ Generate Progress kMessages
hode Setup

Tcl:

eV ATES

-] Nets to be connected

 Block Ping & Pad Pins o Pad Rings o Follow Pins o Floating Stripes Secondary Power Pins ObjeCtS to Connklct

to power

Jog & change metal layers
to avoid obstacles

Fawer Domain Selection
& All

. aelected
. Mamed:

Target Editing Optiong

X

sroute —connect {blockPin padPin padRing corePin floatingStripe } \
-allowJogging true \

-allowLayerChange true \
-blockPin useLef \

To avoid
DRC errors

-targetViaLayerRange {M1 AM }

N

Objects to
connect to
rings/stripes



(R B W B e R R By R A iy (ER
After
Special
Routing

o oo o=k

-

VDD

T T 4T 2T 2T 0 OMAL L OO0NOO0OMOMmMmm D &

Click to select single object. Shift+Click to de/select multiple ohjects. Q ||Se|Num:D |(?.21?, 39.238)

VSS



Pin Editor Form - to adjust placement

¥ Pin Editor@tux061.eng.auburn.edu - O bt
Partition: modulof Pin Attribute
W Show Partition Edge1Number Pin Name(s): Q[0] Q[1] G[2] L_Cbar El
Side/Edge: Bottom
Layer M1 | M2 [ M3 ) M4 | M5 | M6 | PRIORITIZE..
Layery: Gidipiira Sl iiA LG LG PRIGEITIEE..
LayerH: itz salii A iiG el bt BRI RITIEE .
D 4 Depth: 0.6 ‘Width: 0.5
Location
. Update attribute
o &ssign location
el & Spread
Fin Group Spread Type Between Points »
Side/G All = P
: 4
(':LEEA;Db”p Pattern Name FlLLTRAGK »
ar (To
CLK (Top) (Top) Reverse Alternate
| __ Include Rectilinear Edge
L_Char (Bottom) .
3 Starting X: 3.4 Y00 s ]
Ending X: 54.2 Y¥:0.0 )
Start to end Direction, Clockwise » 1\
Spacing: 2.0 n ——_
Unit: @ Mim\tﬁ\
Snap To
- =  Manufacturing Grid
ill hﬁl %l’ﬂ . User Grid
# Layer Track
« Group Bus Y

__ Reverse Order
Sort By: @ Mame _ Location

Find Pins: Eil |

__ &ppend Pinis) to Pin Mame List

o S5sign Fixed Status
# Fix Overlapping
__ Haonaor Partition andfor Pin-Level Canstraints

Use: SIGMNAL »

)

align..

Cancel
e

Help

——

- Select pins and side

- Pin layer and geometry

- Pin spacing pattern:
- space from Start

space from Center
~—Spread between coord’s
spread across side/edge

spacing direction

—spacing amount (unless “spread”)

Use “Apply” to experiment
with options until satisfied.




Pin editing Tcl command

# Pin placement section
editPin -side TOP \

-layer M3\ Space by 4,
_fixedPin 1 \ begin in center
-spreadType CENTER \

-spacing 4 \

-pin { I[O] I[1] 1[2] CLEARDbar CLK }

editPin -side BOTTOM \

-layer M3 \

-fixedPin 1 \ Spread out evenly
-spreadType RANGE \ between end points
-start { 4 O} \

-end {50 O} \

-spreadDirection CounterClockwise \

-pin { Q[O] Q[1] Q[2] L_Cbar }



-side Top -spreadtype CENTER —spacing 4
Pin editing
Example

Top pins spread

from center with
spacing = 4

Bottom pins
spread evenly
between (X y)=
(4,0) to (50,0)

-side Bottom -spreadType RANGE —start {4 0} —end {50 O}
-spreadDirection CounterClockwise




Place standard cells setup

® Place@tux035.eng.auburn.edu

— a X

& Bun Full Placement _ Bun Incremental Placement _ Bun Placement In Floorplan Mode

Optimization Options

__ Include In-Place Optimization

Mumber of Local CPUS): 1

» Include Pre-Place Optimization

set Multiple CPU..

m Bpply

k"

Defaults ;, | Cancel , | Help

s

Mode
N\

Tcl Commands

Mode on next slide

setPlaceMode —timingDriven true \
-congEffort auto

placeDesign

setDrawView place

(to view the cells)

Optional placeDesign switches:
-inPlaceOpt or -prePlaceOpt



Place Standard Cells — Mode Setup

® Mode Setup @tuxd35.eng.auburm.edu — O X
List of Modes Placement Mode
TS Placement | RefinePlace
EarlyGlobalRout
EndCap & Congestion Effort
Filler « Low _ Medium _ High & Auto
MNanoRoute

OasisOut Run Placement In FloorPlan Mode SetP I aceM Ode
Run Timing Driven Placement —CongEffort auto \

<

Optimization

__ Enable Module Plan

ScanReorder & Enable Clock Gating Awareness _tlmlngDrlven true \
StreamOut _ Enable Power Driven -
TieHiLo -lgnoreScan true

¥ |gnore Scan Connections

__Reorder Scan Connection

lgnore Spare Cell Connections

__ Place 10 Pins

__ Hierarchy Aware Spare Cell Placemnent

_ Specify Maximum Density

Layers Checked For Pin Access Select.
Specify Maximum Routing Laye rJ B

Set Defaults
—_—

[ 1111 ]_

m Apply Cancel Help
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Timing analysis and optimization

» ldeally perform at three times during the design flow
Pre-CTS (clock tree synthesis) — trial route after placing cells
Post-CTS — clock tree should improve timing
Post-Route — after completed routing

» timeDesign: create trial route, extract delays, analyze
timing, generate reports (reg2reg, in2reg, reg2out)

» optDesign: resize gates, restructure netlist, add/delete
buffers, swap pins, move instances



Timlng reports AO}ion for postRoute only

setAnalysisMode -analysisType onChipVariation -skew true
-clockPropagation sdcControl
timeDesign —preCTS-idealClock —numPaths 50 —prefix preCTS \
—outDir ${BASENAME} reports/preCTS

#® Timing Analysis@tw035.eng.auburn.edu - O *

(or: postCTS, postRoute)

Basic | Advanced

__ Use Existing Extraction and Timing Data
Design Stage

|- Timing Analysis D E|

. Pre-Place ® Pre-CTS _ Post-CTS _ Post-Route o Sigh-Off
Analysis Type | Basic || Advanced |
& Setup . Hald ~ Reports Selection

Include Sl w Detailed Reports

v DRV Repors ¢+ design-rule violati%r

Reporting Options  Slack Reports
Mumber of Paths: 50 '

v Use ldeal Clock
__ Expand Register to Register Paths

Repart file(s) Prefi<. modulob_preCTS
Output Directory: timingReports

m Apply Cancel Help

_Apply )  (Cancel ) (_Hep




Timing optimization

Command for postRoute only

setAnalysisMode -analysisType onChipVariation -skew true -clockPropagation

sdcControl

setOptMode —yieldEffort none
setOptMode —effort high
setOptMode —maxDensity 0.95
setOptMode —fixDRC true
setOptMode —fixFanoutLoad true
setOptMode —optimizeFF true
setOptMode —simplifyNetlist false
setOptMode —holdTargetSlack 0.0
setOptMode —setupTargetSlack 0.0
clearClockDomains
setClockDomains —all

setOptMode —usefulSkew false
optDesign —preCTS —drv \ /

- Design Stage

®iPre-CTs! o Post-CTS . Post-Route . Sign-Off
~ Optimization Type

¥ Setup L Hold

« Incremental

® Design Rules Violations
~ Max Cap
» Max Tran
. Max Fanout

_ Include 5| (GLOptoNELD

Lé_pply » (__gude » (:__L_zefault ) L:__Q_,Inse » LI__—_letp B

—outDir ${BASENAME} reports/preCTSOptTiming



Removed from GUI Iin current version.

Clock tree synthes1s (CTS)

# Synthesize Clock Tree@tux060.eng.auburn.edu

Basic | advanced - CIOCk

Clock Specification Files: modulof ctstch|

.. . Gen Spec..

Results Directory: clock_report

 apply | Mode )| Load Spec | Clear Spec ;) | Cancel | Help

# Create the clock tree spec from the .sdc file (from synthesis)
createClockTreeSpec -output $BASENAME.ctstch

# Set -routeGuide to use routing guide during CTS.
setCTSMode -routeGuide true

# Set routeClkNet to use NanoRoute during CTS.
setCTSMode -routeClkNet true

# Perform clock tree synthesis
clockDesign -outDir ${BASENAME} clock reports



After clock tree synthesis

Clock net
changed

Buffer cell
added




#® MNanoRoute@tux)55.eng.auburn.edu — O

Routing Phase

w Global Route

N an O RO ute « Detail Route  Start Iteration default End lteration default

Fost Route Optimization _ Optimize Yia _ Oplimize Wire

S etu p Concurrent Routing Features

w Fix Antenna __ Inzert Diodes Diode Cell Mame

Congestion Timing
__ Timing Driven Effort & S RT.

__ 5l Driven

Def_aUIt Fost Route 5 S1 Wictim File l_|
options __ Litha Driven
usually __ Post Route Litho Repair

O K Routing Control

_ Selected Mets Cnly Bottam Layer default Top Layer default
__ ECO Route

__ Area Route area | Helect &rea and Baute

Job Control
» AUt Stop

Mumber of Local CPU{s): 1
Mumber of CPU(s) per Remote kdachine: 1
Mumber of Remote kMachine(s): 0

_=et Multiple CPU...

Command: globalDetailRoute



Add Filler Cells

From initial Innovus script:
# Set the name(s) of the filler cell(s) in the cell libraryset
fillerCells [list FILL1 FILL2 FILL4 FILL8 FILL16 FILL32 FILL64 ]

After routing complete:

# Add the filler cells
setFillerMode -corePrefix ${BASENAME} FILL -core ${fillerCells}

addFiller -cell $fillerCells -prefix ${BASENAME}FILL -markFixed

B Add Filler@tusx55.eng.auburn.edu — O >

Cell Mame(s) @ FILL4 FILLE FILL16 FILL3Z FILLE4 | Select

Frefix FILLER
Fower Damain

Select
A ——

Menu: — Mo DRC -
- : o Mark Fixed;
Place > Physical Cell = Add Filler | _Fiiarea ™ o view o
[ Iy
LIt Ly

m Apply kode Cancel Help




ing

After rout

Filler cells
added

i




Design verification

» Verify connectivity, looking for:
Antennas
Opens
Loops
Unconnected pins

» Verify geometry with data from LEF file:
Widths
Spacings
Internal geometries of wires/objects

TCL:

verifyConnectivity —type regular —error 50 —warning 50 -report Conn_regular.rpt
verifyConnectivity —type special —error 50 —warning 50 -report Conn_special.rpt
verifyGeometry —allowSameCellViols —noSameNet -noOverlap -report Geom.rpt



Write results

# Export the DEF, v, spef, sdf, lef, and lib files
global dbgLefDefOutVersion

set dbgLefDefOutVersion 5.5

defOut -floorplan -netlist -routing $BASENAME.def
saveDesign ${BASENAME} done.enc —def

saveModel -cts -sdf -spef -dir ${BASENAME} hier_ data

extractRC -outfile $BASENAME.cap

rcOut -spef $BASENAME.spef

#delayCal -sdf $BASENAME.sdf —idealclock
write_sdf $BASENAME.sdf

# Generate GDSII file from Innovus database
See next slide



Generate GDSII file from Innovus database

# Generate mask data for layout in GDSI| format

setStreamOutMode -snapToMGrid true
streamOut ${BASENAME}.gds2 \
-structureName ${BASENAME} \
-mode ALL \
-outputMacros \
-stripes | \

-mapFile /class/ELEC6250/cmos8hp/techlef/v.20160204/lef/bicmos8hp_soce2gds.map \
-merge {/class/ELEC6250/cmos8hp/std_cell/v.20130404/gds2/IBM_BICMOS8HP_SC_1P2V_12T RVT 091712.¢ds }

Standard cell layouts
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