high_level overview:

Q: xxx_optap LA A LA FHETT, MEIS1TER? (mega commandsifzsy)

A: BITE(CC, Innovus)FEASITHP AFFxxx_optiXfimega commandsiko FHiZE. I
command B ZHIZE T RD debug issuesk.

Q: filler cellX3l, pad filler, decap, filler

A: Cell Fillerft2IN{EstdCellZ[E]; 1/0 Filler2I07EI/O PADZJE], {FiIF—EIREaYERE
KZEBY; Metal Fill, tBAdummy, 2X3ITFRIRMH—FEEER, —REE5RL

ZIEA T #FHREmetal densityflVEKMAINAY. decap2—FP4FikEfiller cell, FEAT

48, BTLABRGIR.



Q: ST ATTEsetup, holdBTEFEERAZIERE? (setupE, holdZ3?)

A:
Setup: B setuplJ Bl SHEUERBEIEIHEIF, MMIERRT FiEiR.
Hold: 52 holdAT (Bl SREWEERT IO G RIZ BN, MMmiEREEE TR,
FRUABRIEERT I, SetupiEfiEE S IMINEEIEMtE. WRANMES setupiHfill, EBIKTE
EERT IR N gE T A IER T {E.

ANERFZEhold, BIZE setup Rt AFII?
(B8 setupiEfBEEFTEBINESRZVIDE, MNBIBAE =S EfmEH
%Fik. XEFBRERIIRE—ESEEZAholdiE., WNRAIEEholdiEH,
FHES setupitEfll, 1E2EsetupiBHIRURIFRIRESTRSINFHIholdER], SEE
25751,



design planning:

Q: Al driven design planning, ZFPXSFIXNIHEERL?
A: N/A

Q: AG fpRAEMBIR R E P @S S =1 T EfEfp?
A: LAWSH %1, AGERYZdefinifithE, 35 =73 T E(Innovus)fiiFfpFHigit def, Z8FIAGK

fMplacement& 2 fGHIZER.



placement:

Q: place2FHZE|—%solver, GIGAHIplacef/ERET B X MHAIsolution?

A: AGRZEIH AR E ERERBEMIHY, EMIREIZE LKL T TESR (from {8
http://10.30.200.21:8088/issues/30203

Q: EMIR IR violationZ FIBIT EHFHIGTUHITlix (placefTERAVINGIE? )

A: IGEIHRFEREMIR T B TsignoffATIRFIEM violationZEER—iE SN S LN AZ =,
IRE PRI TN, AAEREMRTIESERAPRTEARIE, o AR Tz
CZ}Innovus5Voltus database HiE, Voltusa] LAAE Rk i InnovusiZE A database.

fix IRF3 A, FELARERFITHIE, A0RBIRELER weak, ATLAZINENAIEER; Z0RM
heatmap3RE, F4krow LIR drop{EIRK, cellllIREZEE, X cel BT T8N, LARK
/\IR dropBI&ZE.


http://10.30.200.21:8088/issues/30203

General IC Compiler Flow

- Data Setup

®

‘ Design Planning
Ol

Placement

Clock Tree Synthesis
9 Il

]
IGIGIQI-

< his unit |
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Data Setup

e

Logit/timing Library Files

rnac ros

Pnl
ulln ull:

Physical Library Directories

Constraints File Technology File
orca.sdc IC abc_6m.tf
—_— Compiler o
RC Model Files
(TLU+)
Gate-Level Netlist orca.v f | e
: il _
Synthesis Data Ll et s - Physical Data

Placed, Routed & Optimized Layout with Clock Trees 1 3 6




Logical Libraries

m Provide timing and functionality information for all
standard cells (and, ox, flipflop, ...)

m Provide timing information for hard macros
(IP, ROM, RAM, ...)

m Define drive/load design rules:
o Max fanout
e Max transition
e Max/Min capacitance

m Are usually the same ones used by Design Compiler
during synthesis

m Are specified with variables:
e target library
e link library

1-7



Physical Reference Libraries

G Dimension
Reference Libraries _ vbb “bounding box”
(Milkyway) N UEiEli
Blockage ] %
- Pins

Contain physical information = e
of standard, macro and pad Do | H Y and shape)
cells, necessary for placement 3 [[] NAvo_t

% GND

i
i reference point Abslract View
and routing Wossce gl

m Define placement unit tile /"{lfi'tf,"
e Height of placement rows //' Ly 111
e Minimum width resolution BUF|  FF
e Preferred routing directions o
e Pitch of routing tracks

INV

m Are specified with the command:

e create mw lib -mw reference library

1-8



1. Specify the Logical Libraries

= eSS = ,li e — i | lf..l 4 J |
S
e

Logic/timing Library Files

macros max.db"

set ) min library SC_max. db —min version sc_ min db

set m:.n 1J.brary macros max. db —m:.n vers:.on macros min.db
set_app_var symbol_llbrary "sc.sdb io.sdb macros.sdb"

These settings can be re-applied in each new IC
Compiler session, or more conveniently, entered once in
the . synopsys dc.setup file, which is automatically
read by the tool when ICC is invoked

TCL: glob retumns files/directories that match the specified pattern

1-10



2. Create a “Container”: The Design Library

macros

Technology File
abc_6m.tf
Design Library _—
d

design_lib_orc

m Create a design library

m Specify the tech file
and reference libs

—technology /l:l.bs/a.bc 6m tf \

-mw_reference library \
"./libs/sc ./libs/macros ./libs/io"

1-12




3a. Read the Netlist and Create a Design CEL

read verilog ./netlist/orca.v

current design ORCA
uniquify T

save mw_cel —-as ORCA

Design Library
design _lib_orca

Initial or starting
design cell is
created when

netlist is read in

o5°0

Gate-Level Netlist orca.v

Design ‘CEL’ 1_ 1 4

Synthesis Data




m The technology file is unique to each technology

m Contains metal layer technology parameters:

Number and name designations for each layer/via
Physical and electrical characteristics of each layer/via

Design rules for each layer/Via (Minimum wire widths
and wire-to-wire spacing, etc.)

Units and precision for electrical units
Colors and patterns of layers for display

1-18



TLU+ Models

m |C Compiler calculates interconnect C and R values
using net geometry and the TLU+ look-up tables

m Models UDSM process effects

UDSM Process Effects

® Conformal Dielectric

® Metal Fill
® Shallow Trench Isolation
® Copper Dishing:
* Density Analysis
* Width/Spacing
® Trapezoid Conductor

m Some vendors provide only
an ITF process file

Single
m User must then generate Process File
TLU* from ITF (see below) (ITF)

1-22



5a. Check the Libraries

m The check library command reports library
inconsistencies, for example:
e Between logic (link library) and physical libraries:
+ Missing cells
+ Missing or mismatched pins
e Within physical libraries:
¢ Missing CEL (layout ) or FRAM (abstract ) view cells
¢ Duplicate cell name in multiple reference libraries

® The check tlu plus files command performs a
sanity check on the TLU+ files and settings

set che

check library

check tlu plus files

1-24



ob. Verify Logical Libraries Are Loaded

Ensure that all the required logical libraries (specified
by set app var link library) have been loaded

list libs

std_cells max
std_cells min
io_pads_max
io pads min
macros max
macros_min
gtech
standard.sldb

icc_shell> list libs

Logical Libraries:

sc_max.db
sc_min.db

io max.db

io min.db
macros max.db
macros_max.db
gtech.db
standard.sldb

/projects/XYZ design/libs/sc/LM
/projects/XYZ _design/libs/sc/LM
/projects/XYZ design/libs/io/LM
/projects/XYZ design/libs/io/LM
/projects/XYZ design/libs/macros/LM
/projects/XYZ design/libs/macros/LM
/global/apps3/icc 2010.03-SP2/libraries/syn

/global/apps3/icc 2010.03-5P2/libraries/syn

The gtech and sfandard libranies are generic libraries that are loaded by default — used dunng synthesis

1-25



6. Define Logical Power/Ground Connections

P/G pins
m Define P/G net names (from library) - EWR
and create “logical _55
connections” between
P/G pins and P/G nets o
Logical PIG _ : —PWR

m Create connections netessignments § |
between tie-high/low bovee [

inputs and P/G nets ii

GND

derive pg connection -power net PWR -power pin VDD \
-ground net GND -ground pin VSS

derive pg connection -power net PWR —-ground net GND \
-tie
check mv _design -power nets

derive pa_connection will need to be re-applied during the physical design flow — see guidelines below 1 26




7. Apply and Check Timing Constraints

Only needed if reading in
an ASCII netlist

read sdc ./cons/orca.sdc
check timing

J_:epg.xf;ti_mi ng requirements
report disable timing

Constraints File
orca.sdc

. - -~ 1 - — 5 -~ 1
create clock —-period 10 oo

input delay -max 1.2

output delay -ma

[e

S

/

esign Library
design _lib_orca

Gate-Level Netli

st orca.v

Design ‘CEL’

-

1-27



8. Ensure Proper Modeling of Clock Tree

m Ensure your SDC constraints to model estimates of

clock skew, latency and transition times for all clock

report clock -skew

tise Fall Min Rise Min Fa - Uncertainty
Object Delay Delay Delav Dela Plus Minus
SYS 2% CLK 0.80 0.80 0.40 \\ 0.40 0.10 0.20
SDRAM CLK = i 0.10 ).

Max Transition Min Transitkion
Object Rise Fall Rlse
SYS 2x CLK 0.07 0 "r? \
SDRAM CLK 0.07 0.07 = =

®m Ensure no clocks are defined as
“propagated” clocks

Clock Period Waveform Attrs Sources
SDRAM CLK 150 {Q 3.75} @ {sdram clk}
SYS Z2x CLK 4.00 {0 2} {sys 2x clk}

1-29



9. Apply Timing and Optimization Controls

m Timing and optimization in IC Compiler is controlled
by many variables and commands, for example:

set_app _var timing enable multiple clocks per_ reg true

—_—

set fix multiple port nets -all -buffer constants
group path -name INPUTS -from [all inputs]

m These variables and commands can affect design
planning, placement, CTS and routing

m Therefore, they should be applied prior to design
planning (and re-applied after re-starting IC Compiler)’

source tim opt ctrl.tcl &

m Learning all the available variables and commands
can be a challenge - the GUI provides help!

1-30



10. Perform a ‘Timing Sanity Check’

m Before starting placement it is important to
ensure that the design is not over-constrained

e Constraints should match the design’s specification

m Report ZIC’ timing before placement
e Check for unrealistic or incorrect constraints

e |nvestigate large zero-interconnect timing violations

set zero interconnect delay mode true

Warning: Timer 1s 1n zero interconnect delay mode. (TIM-177)

report constraint -all

report timing

set _zero interconnect delay mode false

Information: Timer is not in zero interconnect delay mode. (TIM-176)

1-33



11. Remove Unwanted “ldeal Net/Networks”

B Your SDC constraints may contain
either of the following commands: =,

o D Q-
¢ set ideal network (preferred) / x -\:E
¢ set ideal net (obsolete) ;/ :.’-.-\E Q-
B These commands prevent synthesis | :" |
(Design Compiler) from building Enable S—_— |
buffer trees on specified signals, O}
which is deferred to the physical L 4 |
design phase (typically high fanout nets Ilke 1'_3 ,,,,,,, s
set/reset, enable, select, etc.) \ /*"
: Y |0 o
B To allow buffering during placement < i ‘/ .
remove the constraints: s

remove ideal network [get ports “Enable Select Reset”]

1-34



12. Save the Design

It’s good practice to save the design after each key
design phase, for example: data setup, design
planning, placement, CTS and routing:

save mw cel —as ORCA data setup

e Note: The open cell is still the original ORCA cell !!

Jdesign_lib_orca/

—lib CEL/
—lib_1 Newly
—lib_bck — ORCA:1 saved cell

ORCA_data_setup:1

1-35



General IC Compiler Flow

J1l

Design Planning

Jl

Placement

Clock Tree Synthesis

r

Next:

A high-level

overview
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Design Planning

Data Setup Design Planning P Clock Tree Synthesis Routing Chip Finishing

o N N ®m =W =N
i1l \
\

ET

7

—
]
V7
]

Chip-level Floorplan Block-level Floorplan

“Design planning” is the iterative design
phase of defining a “floorplan”

1-46



Placement and Related Optimizations

Data Setup Design Planning Placement Clock Tree Synthesis
@ * — +

1. Set placement options

2. Run place opt

e Performs iterative placement and logic optimization

e Objective: Fixitiming violations and congestion
Logic moved
closer together
for shorter nets

.
ol A

I ( \
I—(:}

Cells upsized
for optimal
drive/speed

So-d

1-48




Clock Tree Synthesis

Data Setup Design Planning Placement Clock Tree Synthesis Routing Chip Finishing
——— i —_— . D,

1. Set clock tree options/exceptions

2. Run clock opt

B{Jilds the clock trees
Performs incremental logic and placement optimizations
Runs clock tree optimizations
Routes the clock nets

Can fix hold time violations

Can perform inter-clock balancing

1-49



Routing

Data Setup Design Planning Placergt Clock Tree Synthesis  Routing Chip Finishing
I

1. Set routing options/exceptions

Performs

e Global Route

e Track Assignment
e Detailed Route

Concurrently performs
e Logic, placement and routing optimizations
e Objective: Complete routing and meet timing

1-50



Chip Finishing

Data Setup

Design Planning Placement Clock Tree Synthesis Routing Chip Finishing

m Also known as ‘Design for Manufacturing’

m Entails:
e Antenna Fixing
e Wire Spreading
e Double Via Insertion
e Filler Cell Insertion
e Metal Fill Insertion

Discussed in the Routing
and Chip Finishing units

1-91



Analyzing the Results (1/2)

After each placement, CTS and routing step you
should:

m Examine the log output for design summaries:
e Ultilization :
e Worst Negative Slack (WNS)
e Total Negative Slack (TNS)
e Legality of cell placement
e Cell count and area
e Design rule violations

m Use S TSaAN-3 3 tO see:
e \WNS/TNS per path group (clock group)
e Other statistics

1-52



Analyzing the Results (2/2)

m Generate more detailed reports
e Show all violating path end points

report constraint —-all;violators
e Show details of the worst violating setup path
report timing
e Report physical design statistics (e.g. utilization)
report design -physical
e Analyze the congestion
+ Congestion map (GUI)

report congestion

1-53



General IC Compiler Flow

\/ Data Setup
“3-

Desi__gn Planning

=1y
I =

]

]

> I

®)
=

Placement

1|

5 .--"'--\. - “» %

Clock Tree Synthesis

LR
.,
- -

= Chip Finishing

v ]
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Terminology

m Design planning is the iterative process of creating a
floorplan

m A chip-level floorplan entails defining:
e Core size, shape and placement rows
e Periphery: IO, power, corner and filler pad cell locations
e Macro cell placement
e Standard cell placement constraints (blockages)
e Power grid (rings, straps, rails)

m A physical design, or layout, is the result of a
synthesized netlist that has been placed and routed



ICC Design Planning and Re-Synthesis Flow

Design planning with a
RTL synthesis with default 2-pass synthesis flow

floorplan (DC-Topo)
I - Improved QoR

Data setup (ICC)

Create starting floorplan RTL re-synthesis with

DEF floorplan (DC-Topo)
Virtual flat placement +
Data setup with re-

Reduce congestion synthesized netlist (ICC)
Synthesize power network Read DEF file (ICC)
} .
Reduce delay Re-synthesis
: '

Write out DEF file ©
Placement
Design Planning | (ICC)

2-5



Create the Starting Floorplan

arting Floorplan Placement Reduce Congestion PNS Reduce Delay =~ Write DEF

DC-T synthesis with Create physical-only pad cells
default floorplan |
' Specify pad cell locations
Data setup !

Initialize the floorplan

L ] l

‘ Creato starting floorpian Insert pad filler cells
Virtual ﬂat}.:lacement Gt Pf(:_?: —r—
Reduce congestion Specify ignoreﬁ routing layers
Synthesize P%Wﬁf network Define known macrt!std cell placement
Reduce delay Define known ;ower structure
Write f.:auitr DEF file Define known plat;ement blockages

Create Starting Floorplan
2-6
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Create Physical-only Pad Cells

“Starting Floorplan

m Physical-only pad cells (VDD/GND, corner cells) are not
part of the synthesized netlist

= Must be created prior to specifying the pad cell locations

create cell {vyss_l vss r vss t vss b} pv0i

create cell {vdd 1 vdd r vdd t vdd b} pvdi
créate cell {CornLL CornLR CornTR CornTL} pfrelx

2-8



Specify Pad Cell Locations

$¢ Place the corner cells

set pad physical constraints -pad name “CornUL"” -side
set_pad physical constraints -pad name “CornUR” -side
set_pad _physical constraints -pad_name “CornLR” -side
set_pad physical constraints -pad name "“CornLL"” -side

L B e

vss_|

# Place iop and power pads

# Left/Right sides start from bottom (excluding corner) vdd |

Set_pad_physical_dﬁnstraints -pad_name “pad_data 0" \ s
-side 1 -order 1

set_pad physical constraints -pad name “pad data 1" \
-side 1 -order 2

set_pad physical constraints -pad name “vdd 1" \
-side 1 -order 3

pad_data_1

$ Bottom/Top sides start from left (excluding corner)
set pad physical constraints -pad name “Clk" \
-side 4 -order 1

set_pad physical constraints -pad name “A 07 \
-51de 4 —order 2

Constraints are honored when
the floorplan is created, with
set pad physical constraints \ even distribution by default

2-9
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Initialize the Floorplan

“Starting Floorplan

Creates the core and periphery area
e Defines placement or site rows within the core area

e Places |O pads

e Defines the chip boundary or periphery area

¢ Pads defined in netlist and by create cell
¢ Ordering defined by set pad physical constraints

Coniro! type
@ Aspect o

Core utilization

¥ Horgontal row

Asped ralio (HW) |1 0

lﬁ Initialize Floorplan

 Width and height " Row pumber " Boundary
|D 8 Row/coma rato: |1 0 { v |

¥ Double back ™ Swrifirstrow [ Flig first row

Comn o e

[s00

Core 1o nght |50 0

I Pin snap

initialize floorplan

Core fo botiormt |50 0
[T Keep macro place

Core o fop: |50.0

I~ Minpad height [ Pad limit

[T Keep s¥ cell place
-

Defsun | -

Cancal | Apply |

oK

2-10



Floorplan After Initialization

Starting Floorplan

Periphery Unplaced
with I/O Macro

pad cells cells

Unplaced
Standard
cells

Core area
with site
rows

2-12



Insert Pad Filler Cells

“Starting Floorplan

= Insert Pad Fllier

Bn/Blockage calls |-.--_... fill2 ) 1000 TS00 K200 100 HEso Hizol

pad_data_.

PnyBlockage gwerlap celis [

Workmg ares

~ Whole chig ™ Use spaecified bounding box

[ 10 =
L AT Pad filler cells S -
‘ iS00 Elr:un-dun; placament
pad_data_1 F Top F Bottom W eft M Right
500 =
fill1000 A — el
pad_dala_ﬂ OK ] Cancal Apply I Qeafaull i:

1111500

CornerLL

|
A B | May be needed for
N B continuity of N-well, P-well,

and/or P/G routing

insert pad filler —-cell "£i115000 £i112000 £i111000

Order of cells is important - list largest to smallest from
left to right to use minimum number of cells!

2-13



Create P/G Pad Rings

Starting Floorplan

Make logical P/G

, . Route P/G rings
T pin connections

| Dertva Powes Coound Conmecion ngs
LI i
N 1]
| _tens o | covo|[oon] iew | oonx|

derive pg _connection -power net VDD -power pin VDD -ground net Vss
derive pg _connection -power net VDDO -power pin VDDO -ground net VSSO -ground pin VSSO
dexive_pg _connection -power net VDDQ -power _pin VDDQ -ground net VsSsQ -ground pin VSsSQ

derive pg _connection -power net PWR -ground pnet GND -tie

create pad rings May be needed for P/G
continuity 2-14




Prior to Virtual Flat Placement

m By default virtual flat placement (create fp placement):
e Places standard cells and non-fixed macros

e Can place cells anywhere in the core
e Assumes all layers defined in the technology file are used

m Prior to placement specify any non- & ; E
default constraints e
e Routing layers that should not be used el l d rings
e Pre-defined macro/standard cell locations ke L
e Placement blockages I
Defne known placemen blockages

Create Starting Floorplan

2-15



“Starting Floorplan

Ignore Extra Routing Layers
g

m By default IC Compiler will use all metal layers
defined in your technology

m |If planning to use fewer metal layers can result in:
e Optimistic congestion analysis pre-route
e |naccurate delay calculations due to inaccurate parasitic
RC calculations
m Tell IC Compiler to ignore these unused layers
e Accurate congestion and timing analysis prior to routing
e No additional “route guides” needed

set _ignored layers —-max routing layer M7

report ignored layers
remove ignored layers

2-16



Constraining Macros

m After create fp placement the [
resulting macro placement can be | s
“disorganized”

e May complicate the power structure

e May use more routing resources
for busses

m You can define macro placement:

e Manually, using the GUI, prior to placement
e With constraints, which guide placement

set fp macro options ...
set fp macro array ... See Appendix A
set fp relative location ... .

VNS

2-17



Congestion Potential Around Macro Cells

“Starting Floorplan

m Routing to standard cells
can often be difficult near
edges or corners of macro
cells

m Solution:
Add placement blockages
around macro cells

e Hard blockages prevent
standard cells from ever
being placed there

e Soft blockages prevent
standard cells from being
placed during initial coarse
placement, but are ignored
by subsequent placement
legalization or optimization

2-19




Apply Global Placement Blockages

Starting Floorplan

AN AN

Global blockages

= Apply to all
‘fixed’ macros

m Consider all cell
edges

Hard blockage always
created on all four sides

Soft blockage created
only for narrow channels
between macros, or
between a macro and the
core boundary

. Also add to
set _app var physop t_hard_kee_po ut_c_li stance 10 “Synopsys_dc.setup

set _app var placer soft keepout channel width 25

2-20



Summary: Create a Starting Floorplan

Data setup

l

Create physical-only pad cells

.

Specify pad cell locations

+

Initialize the floorplan

4

Insert pad filler cells

E

Create P/G pad rings

[

Specify ignored routing layers

B

Create Starting Floorplan

Define known macro/std cell placement

v

Define known placement blockages

open mw _cel DESIGN data_ setup

create cell ...

set_pad physical_ constraints ...
initialize floorplan ...
insert pad filler ...
derive pg connectiom ...

create_pad rings ...

set ignored layers -max M7

# Manually place macro cells, as

# applicable, and “fix” their placement:
set_dont touch placement [all macro cells]
set fp macro options ...

set fp macro array ..

set fp relative locationm ..

}
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Perform Virtual Flat Placement

Starting Floorplan Reduce Congestion Reduce Delay

DC-T synthesis with
default floorplan

L 2

Data setup

/ Create starting floorplan

. Set placement strategy parameters
Q& Vvinuaifat placement T

+ Perform virtual flat placement
Reduce congestion
| Virtual Flat Placement
Synthesize power network

+
Reduce delay

'
Write out DEF file

Design Planning

. 2-24



Set Placement Strateg:y' Parameters

“Placement ‘

m Placement strategy parameters are used to control the
following during create fp placement:

e How macros are handled
e Optimization algorithms and effort

m Consider setting a “sliver size” and turning on “virtual
IPO”:

report fp placement strategy

set fp placement strategy -sliver size 10
-virtual IPO on

I
e |n the example above standard cells will not be placed in
channels between macros (slivers) of less than 10 microns
+ Helps to reduce potential congestion between macros

e Next slide: Explanation of virtual in-place optimization (VIPQ)

e Use default settings for the remaining options (see notes

below) unless you have a specific need to modify them
2-2%



VF Placement with Virtual IPO (VIPO)

2z

Timing-critical path

'__ \

=%

agditional
fan-out on net

_@

@JT@DJi

VF Placement without VIPO

B

2

Placement

Original netlist contains large
fan-outs along the critical
path which can contribute
significantly to delay

Without VIPO, cells along the
critical path are placed close
together to reduce delay - this
can cause congestion and may
not be necessary, since IPO

With VIPO turned ON,
sizing and buffer

insertion (which
mimics more realistic

placement
optimization) is

> performed “in

memory”, thus

relaxing the need to
unnecessarily shorten

@ 5 during actual placement
optimization can easily fix this
VF Placement with VIPO
> 1“-: 5 I i --- [ - - [
le lg

the distance between
the critical cells
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Perform Virtual Flat Placement
“Placement

Perform quick placement, which will be used to:
e |[mprove floorplan’s impact on congestion and timing

e Plan the power structure

fffart  F Low " High
TURN OFF this
option for flat
design planning

create fp placement -timing driven —-no hierarchy gravity

¢ Congestion driven Jﬁming driven ierarchical gravity

Advanced Options

. GK Cancel | Apply I Default

>

++ Standard cells and non-fixed macros are legally placed
< By default placement is wirelength-driven - enable timing-driven
** No logic optimization is done

<+ By default clumps cells within same logical hierarchy - turn gravity off

2-27




Hierarchy Aware Placement or Gravity

m By default create fp placement performs
hierarchy-aware placement (gravity = ON)

e Placement tries to keep cells in the same logical
hierarchy blocks physically close

The resulting placement becomes a useful guide to
orm physical “partitions” in a hierarchical design flow
(discussed in the “/IC Compiler 2: HDP" workshop)

Placement

= In a non-hierarchical design flow (this workshop)
“gravity” should be turned off

Flat design
planning

Hierarchy Gravity Off

Hierarchy Gravity On

Hierarchical
design planning

2-28




Summary: Virtual Flat Placement

Create starting floorplan

v

Define placement parameters

v

Perform virtual flat placement

Virtual Flat

L J

Placement

set fp placement strategy -sliver size 10 \
-virtual IPO on

create fp placement -no_hierarchy -timing

2-29



Reduce Congestion

Starting Floorplan Placement educe Congestion NS Reduce Delay
DC-T synthesis with
default floorplan
I L Analyze congestion
4
fiData asup Modify placement constraints
+
/ l Perform congestion-driven
Create start;ng fioorplan virtual flat placement
)
/ Virtual flat placement Analyze congestion —=
1 i
. Perform high-effort congestion-driven
‘ educe cf [gestion virtual flat placement
¥
Synthesize power network Analyze congestion —1
| ‘v
Reduce delay - Modify the floorplan
. - “Fix” all macro cell placements |-—
Write out DEF file

Design Planning Reducel Congestion
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Synthesize the Power Network (PNS)

Starting Floorplan Placement Reduce Congestion Reduce Delay Write DEF
S (s .
—— Save the cell
DC-T synthesis with B _
default floorplan — Define logical P/G connections

i Create P/G rings around macro groups

L 4
Data setup Apply power network constraints
'

' | Synthesize the power network

/ Create starting floorplan C Analyze*iR o
L ]
v - 7 -
/ Viitia fiok Clacemert N Modify constramtsﬁand re-synthesize
Add P/G pad cells, if needed
k 4 o
/ Reduce congestion Commit the power network
¥
v | Connect P/G pins to power network
‘ Synthesize power network + :
| Create pfwer rails
Reduce delay AnalyzeiI'R drop
‘ Apply pnet options
i ¥
i e e Legalize placement

Design Planning Synthesize Power Network
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Define Logical Power/Ground Connections

—

[=IE
¢ Ayto connection
-
-
I~ pPerf
™ sh

* Manual connection

““ @ Make sure that logical

P/G connections are
defined prior to PNS

e This may have already
been done during Data

T Powernet: [vOD

Setup and/or creation of

Ground net: IVSS

pad P/G rings

Power pin |VDD

Ground pin: [VSS

Create port: & None © Top ¢ Al

m One command for each

Cells: [

OK Cancel

| 8| power/ground net

I" Reconnect existing tie pins to appropiate power nets

derive pg connection

derive pg connection

derive pg connection

Apply | Default [: |

-power net VDD -ground pin VSS
-power net VDDO -power pin VDDO -ground net VSSO -ground pin VSSO

-power net VDDQ -power pin VDDQ -ground net VSSQ -ground pin VSSQ
-power net PWR -ground net GND -tie
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Synthesize and Analyze the Power Networ_ll(m_

= : = PNS calculates the
SO : required number of straps
) based on provided
constraints. Heat map aids
the analysis

Tar et IR drog

7 10% of supply voltage  ~ Lowest  © Specifiad [my) |

F syrthesaa power plan T Symehesae power pads

F* Syrthesaze power newore by yotagR BRI | € 41 i+ Preview of power plan with IR-drop heat map
¢ Symthesae power swich Ag Lhgestes wtassaess | N ] [ — no actual routes created yet

I Anahyze powsr ( Powsr usget (mih: |7

Pads e

™ nour design pad file & r

—_—

F Specfied pad mastan E' v pvdl 3

(

& |

Sirap anads as pads

™ ignoee bigciaages for wiual pads

Heararchical optons

F Batten verarchecal ooy T Top lewel calls only

Extrachon ophons

™ Creste vimusl rails Wi i

I Horor CONMN wew layers £ 14 -
8 v
IS " . 4 : L. |

I~ Poger ifo

' r U - =
synthesize fp rail ...
QuEpL Srectony: I fona_ Sultplt — —

h it
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Modify Constraints and Re-synthesize

il
/ Save the cell
J Define logical F:!G connections
/ Create P/G rings a:ound macro groups If the maximum IR drop Is
/ Apply power net:vork constraints not acceptable
/ Synthesize the:power network ° Modify power network
sc Analyze‘IR drop constraints
Modify constraints*and re-synthesize e Re-synthesize
Add P/G pad Eells, if needed o Repéat as needed
Commit the power network
Connect P/G pins*to power network
Create p::-wer rails
Analyze:ll_? drop

| Apply pnet options

4
Legalize placement
Synthesize Power Network
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Create Virtual Power/Ground Pads if Neede

PNS

Conned Power Ground Net

Risconned Powar Ground MNel

Sal Preroute DRC Options

Sol Freroum Agvanced Va R

Creale Virtlual Power Peds

v 3Show Virue| Fower Pads
Power Network Congiraints
Synthesgm Powar Network
Analyze Fower Nemworn

B Fower Network Voltage Drog

B Power Network Eleciramigrst

Creale Rectargular Rings

Cresta Fowar Straps

Create Prercue Vias

Creste Pad Rings

Premoule Insiances

Premoule Sianoaerd Caile

Varty Power Ground MNet

3ot Wirea

Above example indicates that
additional P/G pads may help

Creste Cysiom Wines

Power or Ground net. [vDD =]
Layes
Ao« Specilied [l -
Coordinales
input Pomnt Snap 1o IF:-‘. iting Track ;J
}‘.’ \ln'
Poirt 1653 922 700 265
Virtual power pads
VDD auto,679 438 1653 840 =
VDD auto, 1200 958 1656 580
VDD auto,663. 846 349 320 —
VDD auto, 1253, 734 358 850
MM s 389 012 1918 TN :I
Add Remowve Alll

Virlual power pad file name

B

fdump vpad

oad | Save |

Close Detaul | -

create fp virtual pad ...

# Then “Apply” PNS to update heat map
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Create New Floorplan with Added P/G Pads

"PNS™

Create starting floorplan f—y -
/ Save t'he cell
/ Define logical PR3 commectons If additional P/G pads
/Create P/G rings oD Inecto groups are required you will
{ Apply power network constraints need to create a new
\/_ Synthesize me"puwer network initial floorplan with the
v Analyze IR drop ' improved P/G pad cell

Modify constraints*and re-synthesize constraints
Add P/G pad gells if needed

Comriiit the power network
Connect P/G pins to power NEtWOrkle) oT=5 s W11\’ _c:el DESIGN data setup
3 L AORNY = =

Create power rails set_tlu plus files

| AHHWZE;'R drop create cell
Apply Dnif options set pad physical constraints
Legalize placement initialize floorplan

Synthesize Power Network
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Commit the Power Network

z

Preview (Apply)

" Sy imasde power nefitii by oot |-'-':s.. Vas

Sepoly gotage (V [ ]
Tanget & Anp

Wrthesde oplurm

F synthescs powsr pian T Syniasge powsr pacs

£ Symthesire powes network by yoltage sess. 2

™ yeEnasde Do vt 0 A oy F

F 10% of supply woltage  © Lowest © Speched (vl I

5

f i 1 1

™ sy g power P [adget (i [-’
facks il

™ it Semagn [ Pie & | r

I

F Spagived pad mastens [ovD pvdl

™ L [op el desege gans an Dy [ Lol Sap 8008 08 [
I sgnora phockages for wetusl pads

e e @ OEET

f patten herarcrecal celts 7 Top bevel cals ondy

Famracnon apnans

™ Create wrtual pas i \ l

& L&

I e— ’1 - 3 Straps and rings
o 2 " 4 ' are routed
™ Bogpsr o
[ ir}

wetory. [ poa_output
=

| = ILM'-EI ﬂmlwmjr

N

commit fp rail
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Connect P/G Pins and Create Power Rails

__mg
Save the cell m Connect P/G macro pins
¥ . "
Define logical P/G connections and pad pINs to core rings

¥
Create P/G rings around macro groups and straps
¥

Apply power network constraints
.

m Create power rails along
the standard cell
placement rows

Synthesize the power network

]
Analyze IR drop
L]

Modify constraints and re-synthesize

t
Add P/G pad cells, if needed
4

Commit the power network | preroute_ins tances
Connect P/G pins*tc power network preroute standard cells \
Create péwer rails -£ill empty rows \
Analyze*IR dropi: -remove floating pieces

I AXCCKERRRS

Apply pnet options
¥

Legalize placement
Synthesize Power Network
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Analyze the Power Network
“PNS™

After “commit” and after P/G pins
and rails have been pre-routed ->
L m Analyze the power network for a
PG pad o more accurate IR-drop map

I ipput design pad fie L r

Power Grownd pets i"".:’ 3 V55 EEJ

I Analyzs povwer Powear budgar (rmw) [!

g le

F spagfed pad masters |-| v pwd

I use LoD lavel design pins a5 pads I ignone bigckkages for wrtiial pacs
Heer archec al oplions

~ Famen merarchecal ceis ¢ Top level calls only

Extrachicn ophons

I Croats il pads | |

™ ignore CONN vaw layers:
o
r r o

I~ sower of

Ty

QI.';.-\_H'! st l_ﬂj

oK I Cancel Ir Apply | et mulr |:

analyze fp rail ...
# If IR-drop is not acceptable:

close mw _cel
open mw_cel DESIGN pre pns
# Begin a new PNS flow
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Perform Placement Legalization

PRS
sevefpecell ~ If you have applied partial or
Define logical F;fG connections comp’ete power net
P/G ri
Create P/G rings ar*nund macro groups placement b|ockages you

Apply power network constraints
¥

will need to legalize
placement to move violating
standard cells away from
the power straps

Synthesize the power network

.
Analyze IR drop
L ]

Modify constraints and re-synthesize

¥
Add P/G pad cells, if needed
¥

Commit the power network
—+ ' legalize fp placement
Connect P/G pins to power network — e —

¥
Create power rails

¥
Analyze IR drop
¥

Apply pnet options

 ACKARERRCERRRN

¥
| __Legalize placement
Synthesize Power Network
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Summary: Synthesize the Power Network
»> & & - |= . a !

.sava_pq_pal —as DESfﬂH_pre_pns

Save the cell

T

v

Define logical P/G connections

¥
Create P/G rings around macro groups

)
Apply power network constraints
¥

Synthesize the power network
¥

Analyze IR drop
[ ]

|

Modify constraints and re-synthesize

r'cre;ts_ﬁp_yirtuql_pad: # If needed, re-

[}
Add P/G pad cells, if needed
L4

|

Commit the power network
)

|

Connect P/G pins to power network

[
Create power rails

¥
Analyze IR drop
- ¥

Apply pnet options

B
Legalize placement

Synthesize Power Network

derive pg connection ... I
set fp rail region constraints
create_ fp group block ring ...
commit fp group block ring
set_fp rail_region_constraints -remove
set_fp rail constraints ...
synthesize fp rail ...
# Modify power network constraints
# and re-synthesize, as needed.

A
# initialize the floorplan with the
# added P/G pads.
commit fp_rail
preroute_instances
preroute_standard cells ...
analyze fp rail ...
# If IR-drop is not acceptable start
# over with the “pre pns” cell.

set_pnet options ...

legalize fp placement
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Reduce Delay
Starting Floorplan Placement Reduce Congestion PNS educe D laé Write DEF

DC-T synthesis with | DC-T synthesis with
default floorplan ] default floorplan
' :
Data setup — Create starting floorplan
+ -~ Reduce congestion
J Create starting floorplan |-— :
: Global route/Analyze congestion
. a =
/ Virtual ﬂatlplacement Modify pnet placement blockages;zk
- ¥
/ Reduce congestion I._ Global routefAn?Iyze congestion
' Analyze timing am
/ Synthesize power network 1
| 1. Optimize timing (default effort)
‘ Reduce delay |_ 2. Optimize timing (high effort) \J
L +
Write out DEF file 3. Modify floorplan/Re-synthesize

Design Planning Reduce Delay
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Global Route and Analyze Congestion

“Reduce Delay

DC-T synthesis with
default floorplan

Create starting floorplan

, m Before performing timing
SRNGH BorigewsOn analysis perform an actual

Global routefAnélyze congestion global route
\Modify pnet plac&ment blockage%\

Global route/Analyze congestion route zrt global
— i . 5 = =
Analyze timing R

¥ . g i
1. Optimize timing (default effort) e By default tl!’nlng analysis is
2. Optimize timing (high effnrt)\_) based on “virtual route”

‘ -
3. Modify floorplan/Re-synthesize e Global I'OL!tEIGHOWS mqre

Reduce Delay accurate timing analysis

m Analyze the congestion map
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Analyze Timing

DC-T synthesis with
default floorplan

“Reduce Delay

v

Create starting floorplan

m Generate a timing report

e Parasitic hC extraction is
automatically invoked
(extract rc)

e Acceptable timing:
WNS < 15-20% of required delay

1. Optimize timing (default effort)
2. Optimize timing (high effort
5 g (hig ) </ report timing
¥

3. Modify floorplan/Re-synthesize . . =
Reduce Delay | m f tlrplng IS acceptable skip to
“Write DEF” step

— Reduce congestion

Global routefAnilyze congestion

'Modify pnet plac&rnent blockage%\
— Global route/Analyze congestion
G 8 - _ |

Analyze timing
{3
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Perform In-Place Optimization

“Reduce Delay

— i m If the WNS > 15-20% perform
: in-place optimization

Create starting floorplan

optimize fp timing —-fix design rule

~ Reduce congestion <-effort high>

| Global routefAnélyze congestion |

m Repeat global routing and

IModil’y pnet placsment blockages tlmln anal ses
—! Global route/Analyze congestion g y
B
| Analyze timing m If timing is still not acceptable,
”1. Optimize timing (default effort) repeat t|m|ng Optimization with
2. Optimize timing (high effort) \J -
: high effort
3. Modify floorplan/Re-synthesize = a
Reduce Delay | m Repeat timing analyses steps

*+* Performs cell sizing, buffer insertion and AHFS
*+ Improves timing and DRC violations

*» Legalizes placement
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Modify Floorplan or Re-Synthesize, if Needed

_Reduce Delay”
DC-T synthesis with
default floorplan
Create starting floorplan -
e If the timing violations are
~ Reduce congestion -

still unacceptably large after
high-effort optimization:

Global ruute!Anélyze congestion

[Modify pnet placfment blockage%
— Global route/Analyze congestion
(3

= Modify the floorplan, or...

Analyze timing
5 2 "
1. Optimize timing (default effort) . RE-SY“thESlZE the dESIgn
2. Optimize timing (high effort) J with
3. Modify ﬂoorpI;nIRe-synthesize * e Better constraints
Reduce Delay ¢ e Better partitioning

[s
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Summary: Reduce Delay

Starting Floorplan P1ace£nent Reduce Congestion PNS Reduce Delay Write DEF

DC-T synthesis with
default floorplan

Create starting floorplan

- Reduce congestion

Global route/Analyze congestion
- ¥

Modify pnet placement blockage

v

a
Global route/Analyze congestion

+

Analyze timing

'

1. Optimize timing (default effort)

2. Optimize timing (high effort) \J

route_zrt global

# If congested modify pnet blockages

# and perform inc’l placem’t, as needed:
report pnet options

remove_pnet options; # OR
set_pnet_options -none {M2 M3}
set_pnet_options —-partial {M2 M3}

legalize_ fp placement

ﬁghtq_zrt_glnbal

# If congested goto “Reduce Congestion”
report_timing
# If timing OK skip to “Write DEF”

*qptimizq_ _timing -fix_design_rule

<-effort high>
# If timing still not OK after
# high-effort optimization then need to
# re-floorplan or re-synthesize

L]

3. Modify floorplan or Re-synthesi

Ze

Reduce Delay I
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Write Out the DEF File

irting Floorplan lacement Reduce Congestion Reduce Delay
DC-T synthesis with
default floorplan
'
Data setup
Jr [:;,
/ Create starting floorplan
L 4
/ Virtual flat placement
, Capture placement and layer constraints
/ Reduce congestion ¢
| Remove placed standard cells
/ Synthesize power network . :
Write out a DEF file
/ Reduce dela :
y Close the design
&5 Write out DEF file Write DEF File

Design Planning
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Write out DEF File

“Write DEF
m Write out a DEF file:
‘ e Will be used by Design Compiler
Remove p'a‘"e‘: Slandard cells Topographical for re-synthesis
Write nutf DEF file e Will be loaded iljto |C Compiler
Ciobe the desmn after re-synthesis and data setup
Write DEF File m Close the design cell without

saving it
e Only the above files are needed

remove placement —object type standard cells
write def -version 5.6 -placed -blockages -all _vias \

-rows_tracks gcells -routed nets -specialnets \
—output FLOORPLAN.def

close mw_cel
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Place Macro

7N

—

| no-no! I
HEFETREEECLKEEN ST EMNEE

A B ‘_Check connections seeing floorplaner's ‘jl
__display such as rats nets.

| A |
|

| Ereferable! I

A B

kR 2 B BB rows

eJoy suid jeuseix3y
JeoeBopy llecebapy

| no-nol
WEHTH pin TR SFEENRETHE

| preferable!

EN

RIERTZ BRI BEEE 2% pin %

Wider routing
channel
Mega lmm|
| cell |

PRIFIE BUSRAE B 5T X 3 A9 B8 85 b 18697 1.0




Design Status Prior to Placement

Design Planning is completed

e [f using 3™ party floorplanning tool “Floorplan Exploration” is
done (Refer to “Design Planning” Unit 2 Appendix)

Second-Pass Synthesis is completed

e Based on actual floorplan

Second-Pass Data Setup is completed
e New design cell is generated based on 2" pass netlist

“Floorplanned cell” is generated - ready for placement
Core and periphery areas defined

Macros are placed and “fixed”

Placement blockages defined

Power grid pre-routed

Standard cell placement is discarded



IC Compiler Placement Flow

Placement

Design Planning

Placement Setup and
Checks

|

DFT Setup

|

Power Setup

!

Placement andié
Optimization

*

Improve
Congestion/Timing

The “placement phase” involves
several key steps:

m Setup steps to control
placement, DFT and power

m Placement and optimization

m Incremental refinement to

improve congestion and/or
setup timing

Note: The flow diagrams included in
this unit represent an example flow,
not the recommended flow
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“Fix” all Macro Cell Placements

= In most situations macro cell placement is determined
during design planning and their placement is “fixed”

m |tis a good practice to fix all macro placements again,
just in case....

e You may have manually moved a macro after design planning
and have forgotten to fix its placement

open _mw_cel DESIGN floorplanned Re-apply timing and

source tim opt ctrl.tecl optimization controls

set _dont touch placement [all _macro cells]
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Verify Layer and Placement Constraints

The following checks are recommended because their settings are
not saved in the DEF floorplan file — they must be re-applied after
creation of the 2" pass design library and loading of the floorplan

m Ensure that the following settings have been
re-applied, as appropriate:
e |gnored routing layers
e Placement blockages under P/G straps - pnet options

e Global placement keepout variable settings

report ignored layers
report pnet options

printvar physopt hard keepout distance
printvar placer soft keepout channel width

m Apply or correct as needed - see notes below
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Non-Default Clock Routing

m |C Compiler can route clock nets using non-default
routing (NDR) rules, e.g. double-spacing, double-
width, shielding

= Non-default rules are often used to “harden” the
clock, e.g. to make the clock routes less sensitive

to cross-talk or electro-migration (EM) effects

m= NDR nets use more routing resources (tracks)
which can increase congestion

m This congestion impact can be taken into account
during global-route driven placement

% Sigl PAZZZ7Z77 77777 IR,
Sig1  ZIZIAIZIIIIIIIIIIT

Clk VIZ/7777777777777777) I:> Clk V///////‘//,///////%

Sig2 VIZ/7Z7/777 7777777777,
Sig2 VAi7 iz

Default Routing Rule Effect of NDR route on Clk 3-9



Specify Non-Default Routing Rules

) Can also be used to define shielding
m Define the NDR rules: and tapering rules — see notes below

define routing rule MY ROUTE RULES \
-widths {METAL3 0.4 METAL4 0.4 METALS 0.8} \

|
-spacings {METAL3 0.42 METAL4 0.63 METALS5 0.82}

m Configure the clock tree routing:

set clock tree options -clock trees [all clocks] \

-routing rule MY ROUTE RULES \
-layer list “"METAL3 METALS”

You may also specify the
min/max layers to be used for
clock tree routing
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Check Placement Readiness

check physical design -stage pre place opt EiEH.

the readiness for placement of:

e Floorplan
e Netlist I
e Design constraints

check _physical constraints QF=lelelgih

Cells placed in “hard placement blockage” areas
Metal layer inconsistencies against the library
R/Cs for routing layers

Narrow placement regions (“chimneys”)

Legal sites for cell placement

Large RC variations between metal layers

Modify the floorplan, constraints or libraries as needed
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Design-for-Test (DFT) Setup

!

Placement Setup and
Checks

1 Skip this if your
DFT Setup design does not

include scan chains.

Power Setup

&
Placement '

Placement and
Optiminﬁon

d

Improve
Congestion/Timing

ELRRE T
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Pre-Existing Scan Chains

SCAN_OUT

m If your design flow includes “design-for-test”, the
netlist will contain “scan chains”:

e Groups of “scan registers” that are serially connected
through SI/SO pins, and inserted during synthesis

m Scan chain paths are active only during “test mode”,
not during “functional mode”

m Registers are typically connected in alphanumeric
order during synthesis - irrelevant for DFT, but not

optimal for routing 3.14



The Issue with Existing Scan Chains

What happens if placement is done with the
pre-existing order of the scan chains?

- = SCAN OUT

SCAN IND—————

m Serially connected scan registers may be placed far
apart which may require a lot more routing resources
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SCANDEF-Based Chain Reordering

m |C Compiler can perform placement-aware reordering
of scan cells

m The scan chain information (SCANDEF) from synthesis
can be transferred to IC Compiler in two ways:

e By loading the netlist in ddc format (imbedded SCANDEF)
o' By loading a SCANDEF file (generated after scan insertion)

® Reordering occurs within each scan chain

m Lockup latches or multiplexers break up scan chains
further into “reordering buckets”

m |f present, reordering happens within the buckets

Reordering [Mge Reorderlng Reordering
bucket 1 35 bucket 2 bucket 3




Placement-Based Scan Chain Re-Ordering

Placement-Based Re-Ordering

read def DESIGN.scandef
report scan chain

Not needed if imported design was plar:@__op_t_ —op ti.m.iz.,e;df_t

in ddc format — already included!




Power Setup

r

Placement Setup and
Checks
!
DFT Setup &
et
3 !
£ Skip this if power
3 Power Setup optimization is not
«© a priority
& L
Placement and o .
Optimization Power optimization
! will generally:
Improve : s
Congestion/Timing e Not impact critical path

delays or congestion

* e [ncrease run time
. -
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Where Does Power Dissipation Occur?

Total Power = Static Power +Dynamic Power

m Static or leakage power

S dissipation comes from:
in Out e Current leakage though
; ; devices that are “OFF”
during static states

= Dynamic or switching
N power dissipation comes

vorLl from:
e Charging external loads
i —[e it
. | o e Charging internal loads
l l in ---l__ l l =t«| o Short circuit or transient
[N ¥lea  § [om —[V ¥ l—%ﬂd current while both devices
are ON during a logic swing

Gnd v v 3_25



Leakage Power Optimization

Low-V,, Cells | m~ ™ A multi-Vy, library is the key to
Fast, High Leakage | minimize leakage power
' Trade-Off m Low V,, cells used on critical

max-delay paths to help timing

High-V,, Cells

| A\ m High V,, cells used on non-critical
Slow, Low Leakage

max paths to save leakage power

set _app var target library "“sc max hvt.db sc max lvt.db”
set app var link library "* $ta.;get. library 19 max.db \
macros max,.db”

set min library sc max hvt.db -min version sc min _hvt.db
set min library sc max lvt.db -min version sc min lvt.db
set min library io max.db -min version io min.db
set_min_library macros max.db -min_version macros min.db
create mw_lib ... -mw_reference library \

"mw/sc _hvt mw/sc lvt mw/io mw/ram32%

set
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Report Multi-V, Cells

After placement you can generate a report summarizing
how many of each type of cells were used

Report

icc shell> report threshold voltage group
R s

Threshold Voltage Group Report

Threshold Voltage Group Number of Cells Percentage
kbbb hkrtrhbhhdhbhbhkrhbhbhbrhbhbhhhbhbdbrthbhbhdbhbhbhhbhbhbrdb bkt dbhhddddhhkitddhih
LVt 90 B8.33%
HVt 931 86.12%
SVt I 59 5.46%
undefined | 0.09%

*kk*k khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhhhhkhhhhkhhhkdhhkhhkhkhkhkdthkhkhbhdhhkhhhkhhk

Thﬁse::‘? tg"ica"?t":’a‘;i’“ . P Note: This reporting requires special
cells, ICh are not derined as . a
low or high V,; library attributes. See notes below.
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Overview: Placement and Optimization

Placement

# Discard previous results when executing a new place opt.
# See notes below regarding the use of "“-congestion”.
save mw_cel -as DESIGN preplace_setup
place_opt -area recovery )\

|~optimize dft| |-power| |-congestiocn|

Congestion or No

setup violation?

Yes

Placement Setup
and Checks

v

DFT Setup

'

Power Setup

.

# If congested, add/modify placement blockage and cell

# density constraints, as needed. See Design Planning.
create_placement blockage AL 8 # and/or others ...

# If viclating timing apply optimization "focus” as needed
group_path -name CLK -critical range <cr> -weight 5 |
# If power is a priority and GLPO was not already enabled
set_power_ options -dynamic true

# If congested use "-congestion”

psynopt -area recovery |-power| |-congestion|

Placement and
Optimization

3

improve
Congestion/Timing

<

Yes

CTS

close mw_cel

open mw _cel DESIGN preplace setup

# Try enabling the global router. Increased run time/
set_app var placer_ anable enhanced_router TRUE
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Placement and Logic Optimization

place opt Performs timing- and congestion- place_opt
driven placement and logic optimization

-area_recovery Enables buffer removal
and cell down-sizing of
non-critical paths

-optimize dft Performs scan chain re-ordering

-power Invokes leakage and/or dynamic
power optimization

-congestion Invokes additional congestion-
driven algorithms

place _opt —area_ recovery \

|-optimize dft| |-power| |-congestion]|

Consider:

- Using -area_recovery: Can help reduce congestion and power; May impact run time

- Using -optimize dft and -power only if DFT and power optimization are required, resp.
- Using ~congestion only if congestion is known to be a serious issue (see next slide)
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Overview: Improve Congestion/Timing

Placement

Planning

Y

e

|

save mw_cel —as DESIGN placed temp

—

Placement Setup {‘\3
and Checks
DFT Setup

L refine placement |-coordinate (X1 ¥1 X2 ¥2}| \
Power Setup |-congestion effort high| \

i |-perturbation_level <high|max>|
Placement and psynopt |-power| |-area_recovery| |-congestion|
Optimization psynopt -no_design_rule |-only design rule| |-size_only|

v

Improve
Congestion/Timing ‘

save mw _cel -as DESIGN placed

l
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refine placement

m Optimizes placement incrementally to improve congestion
e Does not modify the netlist 2 Timing may degrade

m Can be executed back-to-back with different options
e Discarding previous placement may improve results

m Can be followed with psyvnopt to improve timing

Incremental run can
be applied to the
entire design...

TOP

XY coordinates

‘ ...or to a region using

refine placement |-coordinate {X1 Y1 X2 Y2}| \

| -congestion effort high| \
| -pexrturbation level <high|max> |
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m Performs incremental timing-driven logic optimization
with placement legalization (setup timing, by default)

e With —congestion will try to maintain or improve congestion

m Use -power, ~-congestion Or —area as necessary

e |f timing is higher priority try omitting one or more of these
options

m Sometimes better timing is obtained by focusing or
limiting psynopt With -no design rule,
-only design rule O -size only

It is not necessary to discard previous results before
executing a subsequent psynopt

psynopt |-power| |—-area recovery| |—congestion|

psynopt —no _design rule |-only design rule| |-size only|
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IC Compiler Clock Tree Synthesis Flow

CTS Setup

}

Pre-CTS Clock Tree
Power Optimization

T

= Clock Tree Synthesis
= Timing Optimization
= Clock net routing

Clock Tree Synthesis

The “CTS phase” involves
several key steps:

m Setup steps to control CTS

m Optional Pre-CTS power
optimization

m Clock Tree Synthesis
m Timing Optimization

= Routing of clock nets

this unit represent an example flow,

Note: The flow diagrams included in
not the recommended flow
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Design Status Prior to Clock Tree Synﬁems

m Placement - completed

= Power and ground nets — prerouted

m Estimated congestion — acceptable

m Estimated setup timing — acceptable (~Ons slack)
m Estimated max cap/transition — no violations

= High fanout nets:
e Reset, Scan Enable synthesized with buffers
e Clocks are still not buffered
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Starting Point before CTS

a®
® - "
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........
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--------

-® - ..
L] L -
.........

=
ttttt
........
. - @
& . "
iiiii
-

M
________________
-
‘-

Clock[® )))!”;l["ll!"u!lii 1itagy E
..-.-:.-,-.-: --'::::::.’.’:':: -'.'.'.'.'.'.'.' """" 4

®

t'.
L] . "
.........
--------
'''''''

. .

''''''''
'l‘

-
------
------

__________
''''''''
.......
---------
.
-------

‘ All clock pins are driven by a single clock source. I
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Clock Cells Are Inserted and then Remze |

i EI g E] Eﬂ I

---------------------------------------------------

i :
C'uckD ................... ............. ........ ’.: H

ttttttttttttttttttttttttt

Buffers are inserted to balance the loads,
meet DRCs and minimize the skew
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Delay Cells Are Added to Meet Min. InSerton

.
Delay cells are placed behind the common
single buffer to minimize clock skew impact
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CTS Goals

¢ Maximum buffer levels
I

m Meet the clock tree targets: P ArrIoAE are T Nior B I
e Maximum skew <§ goals. If targets are not met,
e Minimum insertion delay no violations will be reported.




IC Compiler Clock Tree Synthesis Flow

[+

Control
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Default Clock Tree Targets

Targets

)

ine
m It is recommended to relax the clock skew target
as much as possible

¢ Reduces overall buffer count and run time

m Specify minimum clock latencies as needed
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Are all Clock Drivers and Loads Specme |

set driving cell

set input transition
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Remove “Skew” from Uncertainty

m Your SDC constraints will most likely include a
set clock uncertainty -setup <number>

applied to each clock

e This command is used to model estimated clock skew,
but can also be used to model the effects of clock jitter
and to include some additional timing margin

e The specified setup number reduces the effective clock
period of all paths captured by the specified clock and is
used during synthesis to estimate clock behavior

m Timing analysis post-CTS will also include the
effects of this command, therefore:

e Remove clock uncertainty if only skew is included
remove clock uncertainty [all clocks] OR

e Reduce the uncertainty number by the estimated skew
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Defining CTS-Specific DRC Values

m Max transition and max capacitance design rules can be
specified in three ways: Library, SDC and CTS setting

e By default IC Compiler will use the smallest of the three

m The default CTS settings are set for today’s
technologies

e [f using >> 90nm you may need to relax (increase) the
numbers

Set Clock Tree Synthesis Options and Exceptions

Categories Clock tree: [ ﬂ
Interclock Delay Options
Clock Tree References Targets | cTO | Routing |

Clock Tree Exceptions
) m Target garly delay: [0.00000 Target skew: 0.00000
i Optimize Pre-CTS Power ... : _
R Clock Tree Optimization ... Max trapsition: 0.50000 [Max capacitance: |U-500@
Max fanout; |20f3'0
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Where Does the Clock Tree Begin anuﬁn

L} Q
Clock trees start at their Synthesizable clock
“source” defined by trees end (by default)

on clock pins of

create clock .. -
= registers or macros

(stop or float pins)
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Stop, Float and Exclude Pins

m Stop Pins: _

e CTS optimizes for DRC
and clock tree targets GATED
(skew, insertion delay) to
the external clock pin

CLOCK

m Float Pins:

e Like Stop pins, but
considers infermal clock
latency

m EXxclude (Ignore) Pins:

e CTS ignores skew and 3:9;" and i_"sertit:ln
insertion delay targets elay are ignoge

e CTS fixes clock tree DRCs

Implicit Exclude pins

skew and insertion
delay are optimized

.........

'Z

—LD CLK_OUT
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Generated and Gated Clocks —

Implicit NonStop pins

create_clock / | /
create_generated_clock r/ ;}VSQ

'||' K

S

Skew will be balanced ‘globally’, within each clock domain,
across all clock-pins of both master and generated clock.
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Skew Balancing not Required?

If a generated clock domain is independent
of the master domain (no crossing paths)
skew balancing may not be important

Fewer buffers,
lower power

create_clock I\

L3

cLock [

Define an explicit
exclude pin here

>

1]

r'-\ll FF

LK

Q

S

o =

[-\

=L

create_generated_clock

NE7

i#j%'

)

-

set_clock_tree_exceptions —exclude_pins [get_pins FFD/CLK]
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No Inter-Clock Skew Balancing by Demau —

Q
S FF1
/,_}.*U?‘“’ s
CLOCK1 D — b o
FF2
> Derx
— : WNS=-0.6
0.32 FF3
—_— P
p—
CLOCK2 [ —_— p—
FF4
Doix

By default CTS does not perform inter-clock skew
balanclng - May result in worse setup timing violations
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Setup for Inter-Clock Delay Balancing

# Balances skew between specified clocks

set inter clock delay options \
-balance _group "CLOCK1l CLOCK2"

clock opt -inter clock balance

: p 075 s
h
CLOCK1 D e —
P> e
— - WNS=-0.16

CLOCK2 [ — N T
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Setup for Inter-Clock Delay Bal:amcing':I Uﬂsﬁeii

set inter clock delay options \
-offset ~ from CLOCK1 -offset to CLOCK2 \

—delay_pffset 0:-2
clock opt -inter clock balance

b Q
. - FF1
i 075 Y
CLOCK1 —p— > o
FF2
> Dri
: WNS=+0.04
.~ D Q
0.96 =
"L/— »Pric
CLOCK2 D —— s _—
FF4
> ek
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SDC Latencies S

9 Does CTS respect SDC set clock latency?

m CTS does not respect SDC latencies by default!

= If you need your minimum insertion delays to match
the SDC specified latencies:

set inter clock delay options -honor sdc true
clock opt -inter clock balance

m Note: Insertion delay will not be minimized if given
SDC latency is less than initial CTS insertion delay
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User-defined or Explicit Stop Pins

crock [

s

cl

treat that pin as an implicit

stop pin. In this example the

clock pin is not defined.
\What Is the problem here?

\

cenario: If a macro cell
ock pin is defined, CTS will

N

D> "

FF3

l—» o
skew and

insertion
delay are —@'
ignored

Implicit exclude pin

I/

The macro’s clock pin is marked
as an implicit exclude pin — no
skew optimization!

).IP“CLK,";’ — o
5 $ PO

m ;
i e
'k.--.,.-.-: asaaes

no clock pin
definition

IP (FRAM)
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Defining an Explicit Stop Pin

CLOCK

Defining an explicit stop
pin allows CTS to optimize
for skew and insertion
delay targets.

skew and insertion delay
are now optimized

nnnnnnnnnnnnnn

Explicit stop pin defined

.............

CTS has no knowledge of the
IP-internal clock delay — it can IP g
only “see” up to the stop pin!

set_clock__tree_exceptions —stop_pins [get_pins IP/IP__CLK]

4-27




Defining an Explicit Float Pin

CLOCK

skew and insertion delay
are now optimized

Defining an explicit float
pin allows CTS to adjust
the insertion delays based
on specification.

.............

prrnees Emssases
g $

..............

Explicit float pin defined

set _clock tree_ exceptions \ ;
] -float pins IP/IP CLK \ IP
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Preserving Pre-Existing Clock Trees

Custom logic
hand-built

exception at the input pin

Set a dont_touch_subtrees I

-----------
|||||||||||||

CLOCK

CTS will build this part of the tree to match
the delay of the pre-existing branch || | ,ﬁ‘

set _clock tree exceptions -dont touch subtrees buf/A

May create unnecessary additional buffers!
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Removing Pre-Existing Clock Buffers

Pre-existing

clock buffers/inverters

aaee RS T Q
are removed o’ e N\ER1

0.52
Custom logic bl e
hand-buit |+ ¥k

remcve_clcck_tree —clcck_tree CLOCK
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LT

Non-Default Routing Rules L_/

m |C Compiler can route the clock nets using non-default
routing (NDR) rules, e.g. double-spacing, double-
width, shielding

m NDR rules are often used to “harden” the clock, e.g. to
make the clock routes less sensitive to cross-talk or
EM effects

Sig1 Wi/l
Sig1 Vil 7777
Clk  IZZ7777777 77777 :> ck %
Sig2 Wi/l i 77
le Sig2 &

Default Routing Rule Effect of NDR route on Clk
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Put NDR on Pitch for Accurate RC Esfimation’

m Metal traces are always routed “on pitch”

m With clock NDR rules, pre-routing RC estimates of
clock nets use NDR width and spacing nhumbers

m If NDR [spacing + width] numbers are not integer
multiples of pitch (i.e. off-pitch), timing estimates pre-
route may not correlate well with post-route timing

m Make sure your NDR numbers are on pitch!

Layer "METALS" {
layerNumber
maskName
pitch
defaultWidth
minWidth
minSpacing

| BLENDER

For example: For double spacing and double width, do
not simply double the minimum DRC numbers and use
an NDR width of 0.76 and spacing of 0.68!!

| BLENDER
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Default Routing Rule for Sink Pins Option

set clock tree options \ set clock tree options \
-routing rule my route rule -routing rule my route rule \
-use default routing for sinks 1

NDR rule Default routing rule

N NDR wires \

e [ ¢ \ iy
—>5 —>5
— P —
— —— >
— e D
DD “—;—" —_D

Default Behavior

-use default routing for sinks

can only be used globally! 4-35



NDR Recommendations —

m Always route clock on metal 3 and above
m Consider using double width to reduce resistance
m Consider using double spacing to reduce crosstalk

m Consider double via insertion to reduce resistance
and improve yield

m Avoid NDRs on clock sinks:

set clock tree options -use default routing for sinks 1

m Avoid NDRs on Metal 1

e May have trouble accessing metal 1 pins
on clock buffers and gates

= Put NDR spacing on pitch
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Optional Pre-CTS Power Optimization

CTS Setup

|

Pre-CTS Clock Tree
Power Optimization

}

= Clock Tree Synthesis
= Timing Optimization
= Clock net routing

|

Clock Tree Synthesis

-

|

Skip this if power
optimization is not
a priority

|
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Clock Tree Power Optimization Pre-CTS

Placed CEL
I :

Set clock specifications
set_clock tree options
set_clock tree references
set_clock tree exceptions

o

Set clock specifications

Optimize design for power
optimize pre cts_ power

el

Merges ICG cells and moves
them close to the clock root

Moves registers and data cells to
reduce overall capacitance on the
clock network

(uses an estimated clock tree)

CTS and optimization
clock opt -power ..

- |
Clock tree power report
report clock tree power

¥
Route Optimization

Performs leakage and dynamic
power optimization (if enabled
with set_power_ options)
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Is the Design Ready for CTS?

®m check physical design —-stage pre clock opt
checks for:

All previous placement requirements
Design is placed
Clocks have been defined

m check clock tree checks and warns if:

A generated-clock with improperly specified master-clock
A clock tree has no synchronous pins
There are multiple clocks per register

There is a master-clock that terminates at a pin without a
corresponding generated-clock

...more
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How Should clock opt be Executed?

m The mega command clock opt performs, by default:
e Synthesis and balancing of individual clock tree networks
e Timing and DRC optimization of non-clock logic
e Routing of clock tree network

m Additional options exist to perform:

e Inter-clock delay balancing clock opt

e Scan-chain re-ordering -only cts

e Power optimization -only _psyn
-no_clock route

¢ And more ... -inter clock balance
-optimize dft

m Itis recommended to perform

4 -power
clock opt in three steps
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Recommended Three-Step clock opt Flow

Using clock opt in the following manner allows
early analysis and intervention, which can lead to
increased quality of clock tree synthesis results:

clock opt -no_clock route -only cts ...
analyze...

clock opt -no clock route -only psyn ...
analyze...

route zrt group -all clock nets ...
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clock opt Functionality

Clock Tree Synthesis

Builds initial clock tree by:

- Load balancing
- Logic-level balancing

Clock Tree Optimization*
Meets clock tree targets
by:

- Cell sizing
- Delay insertion

Timing/DRC optimization
- Optimizes logic and

placement of data cells
- Clock cells are fixed

Routing of Clock Nets

clock opt clock opt \ clock opt \ route zrt group
-only_cts \ —only_psyn \ -all _clock _nets
-no_clock route -no_clock route

Clock buffers and inverters are fixed (locked

down) after clock opt -only cts
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Effects of Clock Tree Synthesis

clock_opt -no_clock route -only cts -inter clock balance

I L i = [ LI ! L

= Builds the clock tree - VAL R I
lots of buffers are added! 4 L 8

m Congestion may increase

m Non clock cells may have
been moved to less ideal
locations

m Can introduce new timing
and max tran/cap
violations to non clock
paths

9 How do you analyze clock trees?
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Analyzing CTS Results

Doy, .
m report clock tree Slays Coy,
-summary Gfed;-n e -
-settings S0

e Reports Max global skew, Late/Early insertion delay,
Number of levels in clock tree, Number of clock tree
references (Buffers), Clock DRC violations

m report clock timing

e Reports actual, relevant skew, latency, inter-clock
latency, etc. for paths that are related.

e Example: report clock timing —-type skew

Q How do you handle timing violations?
4-48




P

Enable Hold Time Fixing

m No hold time fixing has been performed on the
design up to this point

= Now that the clock tree has been synthesized it
is generally considered good practice to enable

< hold time fixing: N
se t_fix_hf_‘)ld [ all_cl ocks ] Force global route instead of virtual

e route extraction for timing

ex_trac_t re o optimization during the next step
clock_opt -no_clock_route -only psyn \ |

—optimize dft -area recovery -power

4-51



Stand-Alone Clock Tree Optimization

Perform additional Clock Tree Optimization as
necessary to further improve clock skew after clock
tree synthesis and timing optimization

Clock spec

met? -~

CTO is run inside
clock opt, and can be
run independently as
well:

optimize clock tree
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Routing Operations of route opt

|

® route opt performs: Global Route
e Global Routing I Trackissign
e Track Assignment } |
e Detail Routing Dm“f“““ |

m After route opt all nets will be completely
connected

m Also performs concurrent optimization of:
e Timing, area and power
e Buffering DRCs (max_cap/max_transition, etc)
e Physical DRCs
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Route Operations: Global Route (GR)

m GR assigns nets to specific metal layers and

global routing cells (Gcells)

m GR tries to avoid congested Gcells while

minimizing detours:

gl?B}l route

e Congestion exists when more tracks
are needed than available

e Detours increase wire length (delay)

m GR also avoids:

e P/G (rings/straps/rails)
e Routing blockages —o

[s

s

o
——

F T

\

congestion area

QMetal traces exist after Global Route. True or False?

B4



Route Operations: Global Route Summary

Answer: False!

GR does not lay
down any metal
traces.

Preroute
|
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Route Operations: Track Assignment

m Track Assignment (TA):

e Assigns each net to a
specific track and lays
down the actual metal
traces

Jog reduces :
R via count 2

m [t attempts to:

e Route each layerin its
preferred direction

e Make long, straight traces S

e Reduce the number | TA mml.
of vias i, traces

m TA does not check or
follow physical design
rules
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Route Operations: Detail Routing

Detail route fixes physical
design rule violations

Notch
Spacing

Notch
Spacing

Thin&Fat
Spacing

Min
Spacing

N

Violations of identical rules
that are in close proximity to
each other will be merged and
reported as one violation
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Design Status, Start of Routing Phase

m Placement - completed

m CTS - completed

= Power and ground nets - pre-routed

m Estimated congestion - acceptable

m Estimated timing - acceptable (~0Ons slack)

m Estimated max cap/transition — no violations

report constraints -all
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Pre-Route Checks

4 N
m Check design for routing stage readiness | Fix before
_ running
m There should be no unexpected: it

e High fanout nets

¢ |deal nets B 1/_/

m Use check physical design to check 4!
a design’s prerequisites for routing and " * 3 B4
report a list of violations ' v

check physical design -stage pre route opt
all ideal nets

# Default high fanout threshold is 1000

# (default for variable high_fanout_net_threshold)
all high fanout -nets <-threshold #>

report preferred routing direction

5-10



Antenna Violations

m As the total area of a wire increases during processing,
the voltage stressing the gate oxide increases

m Antenna rules define acceptable total areas of wires

charges in
lasma etchant

Oscillating g S DD OSSP

Protective coating

émaged gate oxide

poly

diffusion

Antenna Ratios:

Area of Metal Connected to Gate
Combined Area of Gate
Or
Area of Metal Connected fo Gate
Combined Perimeter of Gate
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Fixing Antenna Violation by Layer Jumping

Before layer jumping g

W 55, ik

gate

melal |

Unacceptable antenna area

driver
diffusion

i poly
>

. 3

M1 is split by
jumping to

After layer jJumping, to meet Antenna rules

B i

N

mefal 1

driver
diffusion

Acceptable antenna area /

M3 and back

gate
poly

s
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Router Follows Preferred Routing Direction

By default IC Compiler will
not route nets for a long
distance in the non-preferred WA ROUBHG Plockage

routing direction

M1- M4 Routing Blockage

i
1-{4
]

M4 has a horizontal routing channel but
its preferred routing direction is vertical.

Macro with routing blockages

You need to change the preferred routing direction!
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Define Routing Blockages

A routing blockage defines a region where no routing
is allowed on a specific layer
e Affected layer must be specified using blockage layers
Instead of the techfile layer names (see notes)
e The region of the blockage is specified in one of two ways:

+ Use the -bbox option to specify the region for a
rectangular routing blockage.

+ Use the -boundary option to specify the region for a
rectilinear routing blockage.

# Create rectangular routing blockages on

# metall and vial blockage layers N
create_routing blockage -bbox {30 100 120 340} \
-layers {metallBlockage vialBlockage}
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Redundant Via Insertion

m Replaces single-cut vias with multiple-cut via arrays
or another single-cut via with a different contact code

m Redundant via insertion algorithm options:
e Concurrent soft-rule-based redundant via insertion
e Postroute redundant via insertion (discussed in next Unit)
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Redundant Via Insertion: Setup

m Zroute reads default via definitions from the
technology file and generates an optimized via
mapping table

m Check the default via mapping table:

e |f OK, proceed with redundant via insertion
e |[f changes are required, a=fine new redundant via rules

# Check default via mapping table:
insert zrt redundant vias -list only

# Optional definition of new redundant via rules

define zrt redundant vias -from via {VIA23 VIA34} X
-to_via {VIA23 VIA34} \

-to_via x size {1 2} \

-to _via y size {2 ﬁ}
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Redundant Via Insertion: Execution

Redundant via insertion (RVI)

m Checks physical design rules to minimize DRC
violations

m Happens during any detail routing operation

# Enable automatic insertion of redundant vias

# in subsequent routing steps

set route zrt common options \

-post detail route redundant via insertion medium

set zrt detail route options \
-optimize wire via effort level medium

define zrt redundant vias

route opt -initial route only; # RVI happens here

route opt -skip initial route; # RVI happens here
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Basic Zroute Flow

Starting Cell: Post-CTS Cell

Set Zroute Options

Route Clocks

Route Signals

Postroute Optimizations

Chip Finishing

source antenna rules. tc.

1
set route zrt common options
t

set route zrt global op
set route zrt track options

set route zZrt detall optilions

route zrt group —-all clock ne

route opt -initial route_ only

route opt -skip initial route
route opt -incremental

LS
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Core Routing: route opt

Core Routing and Optimization

route opt

Effort: © Low © Medium|  High
Run optimization after

-effort low | medium | high || armwngses

r Global routing

-stage global|track|detail ||§Tsssemes

~ Datail routing

Routing based on
-power  Crosstalk reduction and §/ optmization

 Crosstalk reduchon optimization only

-xtalk_reduction ¢ No optmization

) ) ) I™ Parform power optimization
—initial route only I Sigp il routing
e = ™ inibal routing only
-skip initial route L, oy opoiamn
—_— —_— ™ Opbmize wire and via royting
_ j_ncr ental I Racoyer area for cells that are not on critical bming paths

™ Use wira sizing to fix setup time violations
I incremental mode

-area recovery Al e Rt R E S oG SEaT

e W i Tl
L.

P o

Mbﬁ(}f CHJ‘iv ‘1. e
ok | cancel| apply | pefaur | I:idplj
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First route opt

m Perform initial route only
e Allows analysis (setup/hold timing, DRC, clock skew)

e Helpsito determine post initial-route options

route opt —-initial route only

m |nitial routing entails global routing, track
assignment and detail routing

m All unrouted (signal) nets are now fully connected

= May have timing, max_tran/cap, and physical DRC
violations

e Follow up with post initial-route route opt
optimizations
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Post Route Optimization Examples

m Post initial-route full optimization

route opt —-skip initial route -effort medium -power

m |f you have logical DRC violations
e Switch from default priority of timing over DRC

set app var routeopt drc over timing true

route opt -effort high -incremental $only_§esign_ru1e

= If additional specific optimization is needed:

route opt -size only | -only hold time | \

-only wire size | —-wire size
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Getting Design Statistics

m After redundant via insertion, Zroute generates a
conversion report:

e Reports the optimized via conversion rate for each layer

+ The optimized via conversion rate includes both double vias
and DFM-friendly bar vias, which have a single cut but a
larger metal enclosure.

+ The distribution of optimized vias by weight for each layer
+ The overall double via conversion rate for the design

m The report design -physical command gives a
routing summary including double via conversion

rates, global routing, track assignment, and detail
routing
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Check for Physical Design Rule Violations

verify zrt route; # Uses Zroute DRC engine

rQutg_zrt_detail -incremental true; # Fix DRCs




Verify Route: verify zrt route

m Checks signal and clock routing for
e Physical DRCs, opens, shorts and antenna violations

m Does not check DRCs:
e Amongst pre-routed nets only (e.g. P/G grid structure)

e On nets marked as type “user”

+ Wire shapes hand-created by the designer , not associated
with any net (e.g. Logo, alignment marker, etc.)

m Use verify lvs to help debug opens

verify lvs -ignore short -ignore min area
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Unit Objectives: Perform functional ECOs




The Two Types of ECO Flows

‘ ECO netlist

l

Yes
Spare cells are

required

% Freeze Silicon ECO
Requires that no cells are
moved or added.

Uses spare cells to

\perfon'n ECO.

-

ECO placement
derives the
location for new,
added cell
instances

NO

p

Allows new added cells.

Does not require spare cells.

<

Non-freeze Silicon ECO\

4

|

Continue with
ECO routing
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Non-Freeze Silicon ECO

Original
netlist
"-h__""""_-—-

— P&R

ECO
netlist

ECO
.TCL file
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Freeze Silicon ECO Requires Spare Cells

Original
netlis__t__

Placement

r

f -} i . . .
Yes _— Netlist ™ No Cgll:sbm t:us I|§t
< includes spare will be place
v RW!—-_ v j ,/

sat_a%tr [get_cells *spares*] \

is_spare cell true
spread spare cells \
-bbox {{10 10) {80 50}} \
[get_cells *spare*]

legalize placement -eco -incr

insert spare cells \ V
-1lib cell {NOR2 NAND2} \
-num instances 20 \
-aell name SPARE PREFIX NAME \
-tie —hlar cell ALU

set dont touch [all spare cells] true
set attr [all spare cells] is _soft fixed true

L J

CTS and Route
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Protecting Spare Cell

m Spare cells are dont_touch so ICC optimizations
won’t remove the unconnected cells

m Set the spare cells to SOFT FIXED once the spare
cells are distributed

e Use set_attribute to set the spare cells to SOFT FIXED

m Why set the spare cells to SOFT FIXED?
e Detailed placer may fail if there are too many fixed cells

e The soft-fixed attribute prevents incremental coarse
placement from moving spare cells

e [he soft fixed cells can still be moved slightly and
legalized by CTS and Routing optimizations
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Freeze Silicon ECO: Metal Change Only

Copy of the routed cell

(dumped netlist)

post-P&R netlist

— T

Input netlist changes
eco_netlist

|

ECO placement
place freeze _silicon

ECO routing
route_z rt_eco

ECO netlist ] (edited by user)

ECO cell maps
to spare cell
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ECO Route: route zrt eco '%35

route zrt eco
-nets collection of nets
-utilize dangling wires true | false
-open_net driven

-max_detail_rnute_iteratiuns int

m By default, the basic ECO routing command
e Utilizes dangling wires
e Runs global routing to connect broken nets
e Runs track assignment to assign global wires
e Runs detail routing to fix DRC violations

m Use ECO routing command for netlist changes or after
manual changes
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s
Design Status, Completion of Routing Phase

= Placement - completed

m Clock Tree Synthesis — completed

m Power/Signal/Clock nets - routed

m Setup/Hold timing — Met (positive slack)

m Logical DRC — max cap/transition — no violations

m Physical DRC - no violations
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Chip Finishing Flow

e s

Post-Route: 'I'lming_E
DRC clean design

V|
Reduce critical area

I =

Fix antenna violations
T

Insert filler cells
) —

Perform incr. timing opt.

R
I

Insert redundant vias
p o= |

Insert metal fill
~0

3 -'e- i
o ;_;.2'
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Random Particle Defects

cal Area tenna ller Cells Inc. Timing Opt. Redundant Vias Metal Fill

Random particle defects during manufacturing may
cause shorts or opens during the fabrication process

e Wires at minimum spacing are most susceptible to shorts
e Minimum-width wires are most susceptible to opens

Center of conductive defects within Center of non-conductive defects within
critical area — causing shorts critical area — causing opens

N Critical Areas

-~ -~

N -~
Center of conductive defects Center of non-conductive defects
outside critical area — no shorts outside critical area — no opens 6-6



Reporting the Critical Area

report critical area

1 —particle distr func file <file>
-input layers {m2 m3 m4}
-faul t_type {short|open}

Generates both textual and graphical output

L

b b

EAABEE

E L

6-7



Discrete Defect Size Distribution

m Defect size distribution function depends on the

fabrication process

m |C Compiler accepts discrete defect sizes and their

probabilities in a table format

m An example
Defect Size
0.20
0.36
0.52
0.68
0.84

Probability
0.002778
0.000922
0.000412
0.000219
0.000130
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Solution: Wire Spreading + Wire Widening

spread zrt wires \

-timing preserve setup slack threshold .05 \
-timing preserve hold slack threshold .05
widen zrt wires \
-timing preserve setup slack threshold .05 \
-timing preserve hold slack threshold .05

(eSS
[ E————————— _ )
Wire Tracks Spreading off-
- S | track by % pitch
| S—————sr
S .

— :
:
, — I e——
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Wire Spreading: spread zrt wires e

spread zrt wires

-pitch real ;# of pitches to spread,
default is 0.5

-min_Jjog length int  # Minimum jog length in layer

unit on preferred direction,
default 1is 2

-timing preserve setup slack threshold real
-timing preserve hold slack threshold real

Wire spreading
e Postroute function for reducing critical area for shorts
e Spread signal wires by %2 pitch or user-specified amount
e Only spread in preferred direction
e Automatic search and repair to fix DRCs

e Timing preservation (optional)
6-10



Controlling Minimum Jog Length

m Pushing wires off-track always creates a jog and
increases wire length

®m Use -min jog length option to control the
minimum jog length (default: 2 pitches)

e Will not push a wire unless the available space is larger
than ‘-min_jog length’

% lgoglength‘




Wire Widening: widen zrt wires

widen zrt wires
-timing preserve setup slack threshold real

-timing preserve hold slack threshold real

-timing preserve nets <timing preserve nets>

Wire widening
e Postroute function for reducing critical area for opens
e Will not trigger new fat spacing rules when widening
e Automatic search and repair to fix DRCs

e Timing preservation (optional)
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Fix Remaining Antenna Violations w/ Diodes

Critical Area Antenna Filler Cells Inc. Timing Opt. Redundant Vias Metal Fill

Before inserting diodes

i
r.J

—

| I Diode Inhibits large voltage

swings on metal tracks

—p

e

At

During etch phase, the diode clamps the voltage swings.
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Antenna Fixing with Diode Insertion

m Diode insertion is also concurrent when enabled
e |tis NOT recommended during detailed route

m Use diodes to fix antenna violations that are not
fixable by layer jumping:
e Can specify diode names (automatic if none specified)

—antenna true \
-insert diodes during routing true \
-diode 11bce11 names {adlodel adiode2}

route zrt detail -incremental true
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Why Filler Cell Insertion?

Critical Area Antenna  Filler Cells Inc. Timing Opt. Redundant Vias Metal Fill

I
m For better yield, density of the chip needs to be uniform

m Some placement sites remain empty on some rows
e [CC can fill such empty sites with standard filler cells
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Insert Filler Cells in Unused Placement Sites

m Add filler cells with metal first

e For DRC checking purposes, standard cell PG rails
should be complete prior to inserting filler cells with metal

m Then add filler cells without metal\ I

insert stdcell filler \
-cell with metal "fillCap64 fillCap32" \ ?
-connect to power VDD —-connect to ground VSs \
-between std cells only

insert stdcell filler \
-cell without metal "£illlé ... Filll"
-connect to power VDD —connect to ground VsSs \
-between _std cells only
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Is Incremental Timing Optimization Needed?

" Critical Area Antenna Filler Cells Inc. Timing Opt. Redundant Vias Metal Fill

m Critical area, antenna fixing or filler cell insertion can
create small timing violations

m Can perform incremental timing optimization by re-
sizing the existing cells

route opt —incremental -size only
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I
Voids in Vias during Manufacturing

Critical Area Antenna Filler Cells Inc. Timing Opt. Redundant Vias Metal Fill

m During routing phase:

set route zrt common options \

-post _detail route redundant via insertion medium

set _route zrt detail options \

-optimize wire via effort level medium

route opt .|..

m During chip finishing phase:

insert zrt redundant vias ...
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Redundant Via Insertion: Setup

m Zroute generates via mapping table using all contact
codes from the technology file

insert zrt redundant vias -list only

e [f OK, proceed with redundant via insertion

m If changes are required, define new redundant via
rules AT

User defined rulesx\"\
are saved in the

define zrt redundant vias \ MW library

-from via {VIA23 VIA34} \
-to_via {VIA23 VIA34} \

-to via %X size {1 2} \

-to_via y size {2 1}
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Redundant Via Insertion: Setup with Priority

‘= Some vias may be better for DFM, while others are
better for routability| .

m Use -to via weights option to set a priority
e Weightis 1to 10
e Higher weight via will be tried first
o With equal weights, prioritization is based on routability

See example on the next slide
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Example: Prioritizing for DFM

m For DFM,say:VB>VG >V
e Best rate of double-vias in that order
e [f single vias remain, optimize in that order

m Example for Via 1 layer... add others as needed
define zrt redundant vias \
-from via {VB1 VGl V1 VGl V1 V1 VGl V1 V1} \
-to via {VB1 VB1 VB1 VGl VGl V1 VB1 VBl VG1l} \
=to.vaa ¥ size $1F 0L 13131 34 1} \
-tovia v size (2 22 2 2 211 1} N
-to via weights {5 5 5 4 4 3 2 2 1}

m VB1 doubled > VG1 doubled > V1 doubled > VB1
not doubled > VG1 not doubled
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Postroute Redundant Via Insertion

m Use insert zrt redundant vias to insert
redundant vias

o -effort low | med | high

insert zrt redundant vias -—-effort med

m Higher effort level results in better rate (3-5%) but
will shift vias more to fitin

e May be be worse for lithography
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Timing Preservation Mode

m Inserting double vias changes timing
e Short nets tend to slow down — increased capacitance
e Long nets tend to speed up — decreased resistance

m To maximize double-via rate, perform non-timing-
driven via insertion first

e route opt deletes double vias only on changed net
segments and not on the entire net

m During chip finishing, enable timing preservation to
prevent insertion of double vias on critical nets

insert zrt redundant vias \
1 —timing preserve setup slack threshold Siack \
-timing preserve hold slack threshold slack \

-timing preserve nets {collection of nets}
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.
Problem: Metal Over-Etching

Critical Area Antenna Filler Cells Inc. Timing Opt. Redundant Vias Metal Fill

= A metal wire in a low metal density region receives a
higher ratio of etchant and can get over-etched

= Minimum metal density rules are used to control this

Plasma Etchant etches away
un-protected metal

o)
Less O
etchant :
per um? / / / / l Over-etching
of metal | due to high
¥ i . etchant density
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Insert Metal Fill to Prevent Over-Etching

= Two methods
e IC Compiler: insert metal filler

e |C Validator (ICV) based inside ICC:
signoff metal fill

m ICV is recommended for 45 nm and below

m Fills empty tracks on all layers (default) with metal
shapes to meet the minimum metal density rules
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Recommended Metal Fill Options

m Use -timing driven option to preserve timing on
critical nets

e Metal fill near critical nets on the same layer, upper layer,
and lower layer are removed or trimmed

m Use -routing space 2 option to specify a 2x
minSpacing between normal routing wires and the

fill metal

i - =4 -

- ';_"‘ P r & o
y e s ii |
A W Az W " .
WA & 4 yyB A oy
7 Fvory
Metal Fill Critical net
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Final Validation

/\\

Output GDS2

Generate

output netlist

Write .spef file

Pary

Formality

|

IC Validator
A
—
Detailed
DRC & LVS
&

Prove logical
equivalence after
ICC optimizations

PrimeTime SI

Timing Signoff ]
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Final Validation: Parasitics (SPEF or sm _

Wire parasitics for PrimeTime are provided
via a . SPEF or . SBPF file

ﬁritg;garasitics f
-output <file name>

-format <SPEF | SBPF>
-compress

-no_name mapping

Use StarRC extraction for signoff
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Final Validation: Netlist Output ——r

m Netlists for STA (Static Timing Analysis) do not
require output of “Physical only cells” like:

e Corner pad cells
e Pad/core filler cells
¢ Unconnected cell instances

= Unconnected cell instances (e.g. spare cells) are
needed for LVS

change names —hierarchy —-rules yerilog

write verilog —nq;gﬁxnﬁ;épaq_péllﬁ e o REORLY
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Final Validation: GDS11 Output

set write stream options ..

write stream —-cells DFM clean orca.gdsil

m GDSII for external physical verification can be
generated from IC Compiler

m Requires output of “physical only cells” like:
e Corner pad cells
e Pad/core filler cells
e Unconnected cell instances
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