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In the CAD Book

¢ Chapter 11 on SOC Encounter Place and Route

= That’s an old name — In 2015 they changed it to
Cadence EDI (Encounter Design Implementation)

= Now that’s an old name — it’s now called Cadence
Innovus...

= Need additional information about your cells

+ Specifically, a .lef (physical place &route) file

e This basically describes the abstract views of your cells
in a way that place and route understands...

Encounter Innovus Place & Route

Import Design oS
£
Floorplan Ncmxa\\i;\
\]6{‘ v S‘]“OQS 0\)\
Power plan Cov O e\
S
Place cells o

Route signal nets
Verify results

©® NNk W=

Write out results
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Innovus Usage

¢ Need...
= Structural Verilog <design>.v (from Synopsys)
= Structural Verilog timing, <design>.sdc (from Synopsys)
= Library timing information <library>.lib (from Liberate)
s Library layout information <library>.lef (from Abstract)

= 6710.tcl file with Innovus variable settings (from /uusoc/facility/
cad_common/local/class/6710/F17/cadence/Innovus

= mmmoc.tcl file with timing information (multi-mode multi-corner
timing)
¢ Make a new dir for Innovus... (I call mine INN)

+ (Call with cad-inn

cad-innFlow

1. Import Design
= v, .sdc, .lib, .lef, mmmc.tcl

2. Source 6710.tcl file to get things set up
3. Floorplan

= Choose physical size, ratio, utilization percentage,
etc.

4. Power plan

= rings, stripes, row-routing (sroute)
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cad-edi Flow

5. Placement
= place cells in the rows
= ...with optimization step

6. Synthesize clock tree?
= use your buf and inv footprint cells

= maybe not needed — Synopsys already did this...

7. Global routing
= NanoRoute
= ...with optimization step

cad-edi Flow

8. Add filler cells

= Fill in the spots in the row with no cells
=  Adds NWELL for continuity

9. Write out results
= <name>.def can be imported as layout

= <name> innovus.v is the placed and routed
Verilog dscription

= Write out timing information if
desired. .spef, .sdc, innovus.lib
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To start...

[elb@lab2-28 INNI$ Ls
6718.tcl CAD6.lef CAD6.lib controller_struct.sdc controller_struct.v mmmc.tcl
[elb@lab2-28 INN]$ []

The set of files needed...

set the name of your .lib file (e.g. Lib6718_81.1ib)
You can create multiple library sets if you have multiple libraries
such as fast, slow, and typ
If you have multiple .lib files put them in a [list libl Llib2] structure
create_library_set -name typical_Llib Y
-timing {CAD6.lib}
# Specify the .sdc timing constraint file to use
# This file comes from Synopsys synthesis. (e.g. design_struct.sdc)
create_constraint_mode -name typical_constraint %

-sde_files {controller_struct.sdc}
#

#* % ok % #

mmmc.tcl timing description

mmmc.tcl

# set the name of your .1ib file (e.g. Lib6710_01.lib)
# You can create multiple library sets if you have multiple libraries
# such as fast, slow, and typ
# If you have multiple .lib files put them in a [list lib1 1ib2] structure
create library set -name typical lib\

-timing {!!your-lib-file!!.lib}
# Specify the .sdc timing constraint file to use
# This file comes from Synopsys synthesis. (e.g. design_struct.sdc)
create_constraint_ mode -name typical constraint \

-sdc_files {!!your-sdc-file!!.sdc}
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mmmc.tcl

T T N R N T R TN R NI R NI R NIRRT TR IR NIRRT TN NIRRT NIRRT RN TN TN TR IR TN TN TR IR TN TR TRINTNTRTRT)
HHHHHHH A A A A A A A A A H A

# Below here you shouldn't have to change, unless you're doing
# something different than the basic EDI run...

TN N R N NI R NN R NI R NIRRT TR RN TR IR TN TR R NIRRT N TN T NIRRT NIRRT TR IR TN TN TRIR TN TR IN NIRRT
HHHAHHHH A A A A A A R A A

# Create an RC_corner that has specific capacatance info.

create_rc_corner -name typical rc\

# Define delay corners and analysis views.
create_delay corner -name typical corner \
-library _set {typical lib} \
-rc_corner {typical rc}
create_analysis_view -name typical view \
-constraint mode {typical constraint} \
-delay corner {typical corner}
# Now define which analysis view to use for setup and for hold.

set_analysis view -setup {typical view} -hold {typical view}

cad-inn gui

Innovus(TM) Implementation System 16.15 - /home/elb/VLSI/syn-f17/INN -
. ——
Flle View Edic Partion Floorplan Power Place ECO Clock Route Timing Verify Tools Windows Flows Help 2 cadence

Layout @
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Netlist:
& Verilog
Files:
« OA
Library
Cell
View

X/ Design Import

: controller_struct.v I

Top Cell: Auto Assign & By User:

g ]

Technology/Physical Libraries:

« OA
Reference Libraries

Abstract View Names

Layout View Names

& LEFFiles

Floorplan

10 Assignment File:

Power
Power Nets:
Ground Nets:
CPF File:
Analysis Configuration

MMMC View Definition Fil

)L

CADG.lef
=] |

: vdd vdd!

: gnd gnd!

e: mmmc.tcl =, |

Create Analysis Configuration ...

m Save... Load... Cancel Help

Design
Import

Netlist File:

Design Import

X Netlist Files

Netlist Selection:

controller_struct.v

Netlist Files:

@ -
~—~

E /home/elb/VLSI/syn-f17/INN

controller_struct.v

CADG.lef
CADG.lib

controller_struct.sdc

innovus.log

innovus.logv

Filters: Netlist Files (*.wv*)

Delete

Close
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Result of Successful Import

**kk Summary of all messages that are not suppressed in this session:

Severity 1D Count  Summary

HARN NG IMPFP-3961 3 The techSite '%s' has no related standar...
HARNING  IMPTS-11 2 cell '"%s' may have cyclic timing arc dec...
HARNING  IMPEXT-2766 3 The sheet resistance for layer %s is not...
HARN NG IMPERT-2773 1 The via resistance between layers %s and...
HARNING  IMPEXT-2776 2 The via resistance between layers %s and...
HWARNING  TCLHL-338 1 set_input_delay on clock root '#%s' is no...
HARNING ~ TECHL IB-436 28 Attribute '%s' on '#s' pin '%s' of cell ...

*** lessage Summary: 32 warning(s), @ error(s)

innovus 1>

Type command to

Source 6710.tcl the Innovus command

line

innovus 1> source 6718.tcl
Applying the recommended capacitance filtering threshold values for 258nm process node: total_c_th=5, re
lat ive_c_th=0.83 and coupling_c_th=3.

These values will be used by all post-route extraction engines, including tQuantus, IQRC and Qua
ntus QRC extraction.
For postRoute effortlevel low extraction, the coupling—c_th value will be used only when the -ca

pFilterlode parameter of the setExtractRCHode command is set to relAndCoup or relOrCoup. Default value o
f -capFilterlode parameter in postRoute extraction effortlevel low is relOnly.

The accuracy mode for postRoute effortlevel low extraction will be set to 'standard'.

Default value for EffortlLevel(-effortlLevel option of the setExtractRCMode) in postRoute extracti
on mode is 'low'.
Updat ing process node dependent CCOpt properties for the 258nm process node.
Applying the recommended capacitance filtering threshold values for 258nm process node: total_c_th=5, re
lative_c_th=0.83 and coupling_c_th=3.

These values will be used by all post-route extraction engines, including tQuantus, IQRC and Qua
ntus QRC extraction.
For postRoute effortlevel low extraction, the coupling—c_th value will be used only when the -ca

pFilterlode parameter of the setExtractRCHode command is set to relAndCoup or relOrCoup. Default value o
f -capFilterfode parameter in postRoute extraction effortlevel low is relOnly.

The accuracy mode for postRoute effortlevel low extraction will be set to 'standard'.

Default value for EffortlLevel(-effortlLevel option of the setExtractRCHode) in postRoute extracti
on mode is ‘low'.
Updat ing process node dependent CCOpt properties for the 258nm process node.
typical_view
innovus 2>
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X! Specify Floorplan

Basic | Advanced

Design Dimensions

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

& CoreSize by: & AspectRatio: Ratio (H/W):

# Core Utilization:

 Cell Utilization:

. Dimension: Width:
Height:

 Die Size by: Width:

Height
Core Margins by:® Core to 10 Boundary
 Core to Die Boundary

Core to Left: 30 Core to Top:

Core to Right: 30 Core to Bottom:

0.8
0.7

0.698138

225.6

180.0
288.0

240.0

30
30

Die Size Calculation Use: — Max |0 Height & Min IO Height

Floorplan Origin at:

& Lower Left Corner _ Center

i Floorplan

Specify -> Floorplan

Unit: Micron
m Apply Cancel Help
X! Specify Floorplan -
Basic  Advanced Floorplan
Standard Cell Rows
Double-back Rows: E) Bottom Row Orient: | EX»
Row Spacing: 9.0 um ForEvery| 2 » Row
Site:|_core » | _ SiteOnly  Row Height: 27.0
_ Allow Overlapping Same Site Rows
10 Specifications
Bottom |0 Pad Orientation: U RO»
_ Use I/O Rows for I/O Placement :
Specify -> Floorplan
_ Adjust to Site
¥ Snap Die/Core Box to Grid
m Apply Cancel Help
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File View Edit Partition Floorplan Power Place ECO Clock Route Timing Verify

Innovus(TM) Implementation System 16.15 - /home/elb/VLSI/syn-f17/INN - controller

Tools Windows Flows Help 2 cadence

Layour | @
= d S

[EKZE] & - [0

R A-240% B Q Q QA Q-0 &4 & 6 O RS

SN OLE R R S

All Colors

 Instance

® B Cell Type
Instance
Block
Std. Cell
Cover Cell
Physical Cell
10 Cell
Area [0 Cell
Black Box

_ B Function

B Status

B Module

Cell

B Blockage

Row

& Floorplan

Partition

Power

B Overlay

Track

B Net

B Wire&Via
poly(0)
cc(0)
metal1(1)
via(1)
metal2(2)
via2(2)
metal3(3)

B Bump

Grid

B Miscellaneous

Detail U

KeekKkKKEKEKEKEKIKIKK|®»

KKK KK

KEKKKKKEKIKIK KK

Speed

E]\o [176.270, 242.188

In Memory

Floor
plan

Basic | Advanced | Via Generation

Net(s):  gnd!vdd!

Ring Type

& Core ring(s) contouring
& Around core boundary
_ Exclude selected objects

— Block ring(s) around

— User defined coordinates:

Ring Configuration

x| Add Rings

" Power Rings

— Along I/O boundary

Top: Bottom: Left: Right:
Layer: metall(1)H » | metal1(1)H » Vme(aIZ(Z)V 3 metal2(2) V >
Width: 9.9 9.9 9.9 9.9
Spacing: 1.8 18 1.8 18 Update
Offset: & Centerinchannel _ Specify
Option Set
@  svode, | Apply Defaults Cancel _ Help

Power -> Power Planning
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X/ Add Stripes

Basic | Advanced | Via Generation

Set Configuration

Net(s): gnd! vdd!
Layer: metal2(2) » = Direction: & Vertical  Horizontal
Width: 48 Spacing: 18

Set Pattern

& Set-to-setdistance: 99
« Number of sets: 1
'~ Bumps ® Over

— OverP/Gpins  Pin layer

® Ma

er name

Stripe Boundary

& Corering

_ Pad ring Inner @ Outer

 Design boundary ¥ Create pins

 Each selected block/domain/fence

« All domains

' Specify rectangular area

 Specify rectilinear area

First/Last Stripe

Start from: ® left _ right

& Relative from core or selected area
Xfromlef: 90 Xfromright 0

 Absolute locations

Option Set

_\ EditAdd Stripe Option
e

Update

G  svoe Apply Defaults Cancel

Help

— Power
Stripes

X/ Add Stripes

Basic | Advanced | Via Generation

Set Configuration

Net(s): gnd! vdd!

Layer: metal2(2) » = Direction:
N —

Width: 48 Spacing: 18

& Vertical  Horizontal

Set Pattern

& Set-to-setdistance: 99

« Number of sets: 1

— Bumps ® Over Between

O OverP/Gpins  Pin layer: ((Jloppinlayerd Max pin width: 0

OB

Selected blocks All E

Stripe Boundary

® Corering

_ Padring Inner ® Outer
' Design boundary ¥ Create pins
 Each selected block/domain/fence
 All domains

 Specify rectangular area

 Specify rectilinear area
First/Last Stripe
Start from: & left O right
& Relative from core or selected area
Xfrom left: 0 X from right: 0
 Absolute locations
Option Set

_\(EditAddStiipe Option

Update

m Set Mode Apply Defaults Cancel

Help

— Power
Stripes

Annoying... This will
start the stripes from
0 offset...

> 11



X/ Add Stripes

Basic Advanced | Via Generation — PO ‘ ‘ 7 er

Stripe Breaking

.
_ Omit stripes inside block rings
] Oiepes versleced blcksomlrs I'1pes

— Switch layer over obstructions

__ Specify area blockage

Target Connection Control
Pad/Core ring connection
 Allow jogging
Block ring connection
+ Allow jogging
& Merge with block rings if spacing less than: 1.5

Maximum length of same layer jog: 3.0

Layer Control for Target Connections
Pad/Core rings
Top limit: metal3(3) »
Bottom limit: | metal1(1) ke
Block rings/Over obstructions
Top limit: metal3(3) »
Bottom limit: | metal1(1) »
Wire Group
__ Use wire group

Snap wire center to routing grid: Grid |

[ ok ] SetMode. _ Apply Defaults _ Cancel _ __Help

X| Innovus(TM) Implementation System 16.15 - /home/elb/VLSI/syn-f17/INN/controller-pplace.dat - controller

File View Edit Partition Floorplan Power Place ECO Clock Route Timing Verify Tools Windows Flows Help 3 onli cadence

Loyour | @
=

P& o (R30I Q Q
ER#-0 ¢ -BE BB eHD

S B = Power

== 2 Rings
and

Stripes

( ey
R-O|& 4
o®

L

Detail Speed

K
E’ 0 197.208,180954  [In Memory EJ

Click to select single object. Shift+Click to de/select multiple objects
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X[ Innovus(TM) Implementation System 16.15 - /home/elb/VLSV/syn-17/INN/controller-pplace.dat - controller

File View Edit Partion Floorplan Power Place ECQ Clock Route Timing Verify Tools Windows Flows Help

cadence

Loyt |@
(== RN Re-#-340 I Q Q QA RQR-0| &9 B & O O N &
FR#-0 -8B @ BB eBBEB 1R K=&

FMH:

) §
)

Click to select single object. Shift+Click to de/select multiple objects, a0

132788, 146705

F0e

Il Colors

 Instance

© B CellType
Instance
Block
Std. Cell
Cover Cell
Physical Cell
10 Cell
Areal0 Cell
Black Box

C @ Function

@ Status

 Module

Cell

B Blockage

Row

B Floorplan

Partition

Bl Power

Overlay

Track

Net

B Wire&Via

Detail U

BB @

In Memory

Power

2| Rings
7 and
2 Stripes

KRR

ENEAE

Select and remove
the leftmost
power stripe...

vy

Speed

Route -> Sroute

Sroute to connect things up

X/ SRoute

Basic | Advanced | Via Generation

Net(s): gnd!vdd!

SRoute
& Block Pins ¥ Pad Pins & PadRings & FollowPins & Floating Stripes nd

Routing Control

Layer Change Control

Top Layer: |_metal3(3) »

Bottom Layer: | _metal1(1) »

~ Allow Jogging & Allow Layer Change

— Area Power Domain Selection

e Al

~ Selected

Named:
_ Delete Existing Routes
_ Generate Progress Messages
_Mode Setup _
_Target Editing Options
[ ok ] Apply Defaults Cancel Help
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Route -> Sroute

Sroute to connect rows to power

Innovus(TM) Implementation System 16.15 - /home/elb/VLSV/syn-f17/INN - controller

File View Edit Partiton Floorplan Power Place ECO Clock Route Timing Verify Tools Windows Flows Help X onli cadence
Loyout [ @
==K:] [B4-*4- 2405 Q Q & Q I BRAUIED S

IB.0% -
g -

Bl £ HH=

Click to select single object. Shift+Click to de/select multiple objects.

oI

C-HERBORB R

© B Cell Type vy
Instance vy
Block vy
Std. Cell vy
Cover Cell vy
Physical Cell vy
10 Cell vy
Area [0 Cell v

Black Box

KKk

KK KKK

et
E Wire&Via
poly(0)

cc(0)
metal(1)
vial(1)
metal2(2)
via2(2)
metal3(3)
Bump

Detail Speed

K|
[ollo (oo 15159 ey [0l

Place -> Place Standard Cell...

Place cells

\ Place

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

Optimization Options
¥ Include Pre-Place Optimization

_ Include In-Place Optimization

Number of Local CPU(s): 1 3 Set Multiple CPU.‘._‘

m _ Apply _ Mode... Defaults _Cancel __ Help
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List of Modes

CcTs

EndCap

Filler
NanoRoute
Optimization
[Placement |
ScanReorder
StreamOut
OasisOut
TieHiLo

TrialRoute

Place cells

X Mode Setup

Placement Mode

Placement | RefinePlace

© Congestion Effort

_ Low ® Medium _ High _ Auto

K

Run Timing Driven Placement
Enable Module Plan

<

K

Enable Clock Gating Awareness

Enable Power Driven

<

Ignore Scan Connections

<

Reorder Scan Connegtion

__ Ignore Spare Cell

Place |0 Pins

K

_ Hierarchy Aware Spare Cell Placement

__ Specify Maximum Density
Layers Checked For Pin Access Select... |

Specify Maximum Routing Layer 1 -]

Set Defaults

«<» _ Apply _ Cancel _ _ Help

Make sure
to have your
I/O signals
placed!

Placed Cells...

\ Innovus(TM) impl System 16.15 - Sl/syn-f1 pplan.enc.dat - controller
- ——
File View Edit Partition Floorplan Power Place ECO Clock Route Timing Verify Tools Windows Flows Help 2 b cadence
Loyout |
T=N=Re) 13- -2 WMQARIAR-0&DIDH 00 RS NEF O
B 0% -0 -8 @ LBk W= iyl 1B R [a)
Al Colors Vs
z rance T
i B Cell Type v
) Instance It
1 Block v
Std. Cel v
= Cover Cell v
- Physical Cell v
3 3
P Ll
ks | F®)
o) hiadtiaz ==
vy
B . vy
Hagu); =
- vy
vy
@ Floorplan C4
Partition vy
Power vy
state reg | g Overlay W]
ek g
Net 45
B Wire&Via g
poly(0) vy
cc(0) v v
metalt(1) 3
via(1) bl v
metal2(2) D v
via2(2) Llew
metal3(3) N v
Bump vy
B Gri g
@ Miscellaneous 45
Detail Speed
. P
Click to select single object. Shift+Click to de/select multiple objects [affo 211886154044 [Placed [
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Clock Tree Synthesis...

* Probably don’t have to do this explicitly
= Synopsys has already generated a clock tree

during synthesis...

= Innovus can make a new one for you, and might
have better information because of floorplan and

placement...

= But, seems like it can’t be done at the GUI. Only

through scripts...

X' NanoRoute
Routing Phase
~ Global Route
« Detail Route  Start Iteration default End Iteration default
Post Route Optimization __ Optimize Via _ Optimize Wire

Concurrent Routing Features

~ Fix Antenna — Insert Diodes Diode Cell Name

Congestion  Timing

& Timing Driven Effort 9 T S.MART.
— Sl Driven

Post Route S| Sl Victim File
_ Litho Driven

_ Post Route Litho Repair

Routing Control

_ Selected Nets Only Bottom Layer default Top Layer default

— ECORoute

_ Area Route Area | SelectAreaand|Route
Job Control

~ Auto Stop

Number of Local CPU(s): 1
Number of CPU(s) per Remote Machine: 1
Number of Remote Machine(s): 0

Set Multiple CPU...

m Apply Attribute Mode Save Load Close
i Gy

Help

NanoRoute

— Route -> NanoRoute -> Route
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Routed circuit

X! Innovus(TM) System 16.15 - Sl/syn-f1 _ppl t - controller
Fle View Edi Partition Floorplan Power Place ECO Clock Route Timing Verify Tools Windows Flows Help Q onlinehelp  cadence M————
Layout | @
I=N=K] B-A- W EQAQQRAR-0|&F B o0V YIFD S

[ER®-0 -8B 18 by %= i

=N

M H

L) &

KKK KRKK <
KKK KK

KK

[
KKKREKREKK

[of[0 206.585,200117 _|Routed

Routed circuit — another example..
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Routed circuit — yet another example..

Place -> Physical Cell -> Add Filler

Add Filler Cells

X/ Add Filler
Cell Name(s) FILL Select
X Innovus (TM) ion System 16.15 - LS/
Prefix FILLER File View Edit Partition Floorplan Power Place ECO Clock Route Timing Verify VSl
Power Domain Select | | Lavou @ .
¥ DoDRC L@@, - WA AR R RIS
LG IBR# -0 %88 @ 18 Lg ko= 0
— FitGap —
_ Mark Fixed 0
__ Fill Area Draw View Area 1
ey ST R i
Ilx lly =
=
urx ur
H
ﬂ' Apply Mode... Cancel Help 3
=0
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Net Type

® All
 Regular Only
_ Special Only
Nets

& Al

« Selected

Verify connectivity

X/ Verify Connectivity

 Named:
Check
 Open
— Connectivity Loop
_ Geometry Loop
_ Divide Power Net

_ TSV Die Abstract File

Report Limits

Error: 1000

& UnConnected Pin
& DanglingWire (Antenna) ¥ Weakly Connected Pin

_ Geometry Connectivity _ Keep Previous Results

& Soft PG Connect

_ Use Virtual Connection

& Unrouted Net

— Raw Violations Mark

Verify Connectivity Report: controller.conn.rpt

Bl

=

VERIFY_CONNECT IVITY use new engine.

KERKKKKK Start: VERIFY CONNECTIVITY ki
Start Time: Fri Oct 13 15:41:54 26817

Design Hame: controller

Database Units: 1888

Design Boundary: (0.086808, B.8600) (255.0068, 240.0
Error Limit = 1888; Harning Limit = 5@

Check all nets

Begin Summary
Found no problems or warnings.
End Summary

End Time: Fri Oct 13 15:41:54 2817
Time Elapsed: B:80:80.8

*kkokkkkk End: VERIFY CONNECT [VITY koo
P enmas; 0 Verification Complete : B Viols. @ Hrngs.
(CPU Time: @:08:88.8 MEN: @.@@aN)
Set Multiple CPU...
innovus 5> D
m Apply Cancel Help. |
Verify DRC (only wires!)
Cr1 on 1ITCS.
X/ Verify DRC
Basic | Advanced
Verification Area I
& Entire area innovus 5> #-report controller.drc.rpt # st
Hokok i i : Hokok
O Speclfy 2] (@ Starting Verify DRC (MEM: 1545.3)
1 0 0 VERIFY DRC Starting Verification
2 0 ) 0 VERIFY DRC ... Initializing
. yottom | ave ——— (e oo n YERIFY DRC ...... Deleting Existing Violations
_ Layer Range: Bottom Layer: \umetali{1) Top Layer: \ymetal2(3) VERIFY DRC .. ... Cr‘eutingg; 5ub-ﬂr‘egs
VERIFY DRC ...... Using new threading
VERIFY DRC ...... Sub-Area: {0.008 B.008 255.008 240.00
VERIFY DRC Sub-Area : 1 complete B Viols.
Disable Rules
Verification Complete : 8 Viols.
_ Color _ CutSpacing
_ Enclosure __ EOL Spacing *** End Verify DRC (CPU: B:080:086.8 ELAPSED TIME: @.08
— Min Area — Min Cut
— Min Step _ Protrusion .
innovus 5>
m Apply Cancel Help
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Write Results...

X/ Save Netlist
Design -> Save -> Netlist

(structural Verilog)

# Include Intermediate Cell Definition
# Include Leaf Cell Definition

Netlist File: controller_innovus.v =
| X| Save DEF

m Cancel Help
D — Save Options

¥ Save Floorplan

~ Save Standard Cell
— Save Unplaced Cell

~ Save Netlist

_ Save Scan

~ Save Route

Design -> Save -> DEF L Save Trial Route

(layout information) Output DEF Version: | 5.6 »

File Name: controller.def

@D o o

B

Help

Innovus Scripting

¢ Usual warnings — know what’s going on!

+ Use top.tcl as a starting point
= And the other .tcl files it calls...

¢ Innovus has a floorplanning stage that you

may want to do by hand

= write another script to read in the floorplan and

go from there...

* Use innovus.cmd to see the text versions of

what you did in the GUI...
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Innovus Scritping Usage

*
*

*

* <design>.globals has design-specific settings
= use basename.globals as starting point.
¢ Usual warnings about scripting...

= top.tcl and other *.tcl are in the class directory as starting points

= /uusoc/facility/cad_common/local/class/6710/F17/cadence/Innovus

¢ (Call with cad-inn, but this time source scripts
instead of using GUI

Innovus Scripting Starting Point

[elb@labz-21 INNI$ 1s
6710.tcl CAD6.1l1ib controller_struct.sdc cts.tcl mmmc. tcl pplan.tcl top.tcl
CAD6.l1ef controller.globals controller_struct.v fplan.tcl place.tcl route.tcl wverify.tcl

Note the same six files as before, but now adding <basename>.globals,
and all the other .tcl files from
/uusoc/facility/cad _common/local/class/6710/F17/cadence/Innovus
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<basename>.globals

#

# Set the name of your structural Verlog file
# This comes from Synopsys synthesis

set init_verilog {!!your-file-name.v!!}

# Set the name of your top module

set init_design {!!your-top-module-name!!}
# Set the name of your .lef file

# This comes from ELC

set init_lef file {!!your-file-name.lef!!}

<basename>.globals

A
#

# Set the name of your structural Verlog file

# This comes from Synopsys synthesis

Iset init_verilog {controller_struct.v}

' # Set the name of your top module

{set init_design {controller}

# Set the name of your .lef file

|# This comes from Abstract

set init_lef_file {CAD6.lef}
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<basename>.globals

HHHHHHHHHHH R R R R R
# below here you probably don't have to change anything

HHHHHHH R R R R R
# Set the name of your "muli-mode-multi-corner data file

# You don't need to change this unless you're using a

# different mmmec.tcl file.

set init mmmc_file {mmmc.tcl}

# Some helpful input mode settings

set init_import mode {-treatUndefinedCellAsBbox 0 -keepEmptyModule 1 }
# Set the names of your gnd and power nets

set init_gnd net {gnd!}

set init pwr net {vdd!}

top.tcl

# % %
o
=
o
=
=1
@
~
o
@
1
@
~
o
3
a
=
o
o
7=
=}
=
>
o
@
[
7=
El
a
=)
o

#*

| # set the BASENAME for the config files. This will also
# be used for the .lib, .lef, .v, and .spef files that
# are generated by this script

#

# The BASENAME should be the name of your top macro, and your
# configuration file should be named <BASENAME>.globals
set BASENANE "!!basename!!"

# This is the list of cells that you'd like to use in your
# clock tree. Your cell names may be different!

set inv_cells [list !!TINVRLI!! ]

set buf_cells [list !!BUFR2!! ]

set clock_cells [Llist !!INVK] BUFK2!! ]

# set the name of the filler cells: separate the names of the
# filler cells with spaces if you have more than one.

# Your cell names may be different!

set fillerCells [Llist !!FILLK1 FILLK2!! ]

Forrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnd
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top.tcl

# The following variables are used in fplan.tcl...

#

"# These set the percent utilization target (how dense should

# the cells be placed), and the gap for routing between rows.
# These are good starting values for small macros. Larger or
*# more complex macros will likely need a lower usepct or

# larger rowgap or both.

#

# Note that rowgap and coregap should be divisible by the basic
# grid unit of 8.3 that our ON Semi CSN 688nm process uses.

#

set usepct B.78 ;# percent utilization in placing cells

set rowgap 9 ;# gap (microns) between pairs of std cell rows
set aspect 8.8 ;# aspect ratio of overall cell {1 is square,

# <1 is landscape, >1 is portrait

top.tcl

R e R e e e e e
# You may not have to change things below this line - but check!

#

# You may want to do floorplanning by hand in which case you

# have some modification to do!

R A R R e e e

# Set some of the power and stripe parameters - you can change

# these if you like - in particular check the stripe space (sspace)

# and stripe offset (soffset)! These values should be divisible by 0.3
# so that they’ll fall on the lambda grid

set pwidth 9.9  ;# power rail width

set pspace 1.8 ;# power rail space

set swidth 4.8  ;# power stripe width

set sspace 210 ;# power stripe spacing

set soffset 207  ;# power stripe offset to first stripe
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top.tcl

#

# Set the flag for EDIto automatically figure out buf, inv, etc.
set dbgGPSAutoCellFunction 1

# Import design and floorplan

# If the config file is not named $basename.globals, edit this line.
source $BASENAME .globals

init_design

.globals file

+ Same .globals file that we saw before with
the walk-through

¢ Start with basename.globals and mmmc.tcl
from the

/uusoc/facility/cad_common/local/class/
6710/F17/cadence/Innovus directory

¢ This describes the .1ib, .lef, etc. information
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top.tcl

# source the files that operate on the circuit

source fplan.tcl ;# create the floorplan (might be done by hand...)

source pplan.tcl ;# create the power rings and stripes

source place.tcl ;# Place the cells and optimize (pre-CTS)
source cts.tcl ;# Create the clock tree, and optimize (post-CTS)

source route.tcl ;# Route the design using nanoRoute

source verify.tcl ;# Verify the design and produce output files

exit

fplan.tcl

# Make a floorplan - this works fine for projects that are all

# standard cells and include no blocks that need hand placement...

setDrawView fplan
setFPlanRowSpacingAndType $rowgap 2
floorPlan -site core -r $aspect $usepct \

$coregap $coregap $coregap $coregap
fit

#

# Save design so far

saveDesign ${BASENAME} _fplan.enc
saveFPlan ${BASENAME}.fp

puts "-----mm-mm- Floorplanning done----------
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pplan.tcl

puts "------m------ Power Planning---------------- "
puts "------- Making power rings------------------ "
#

# Make power and ground rings - $pwidth microns wide
# with $pspace spacing between them and centered in the channel
addRing -spacing_bottom $pspace \

-width_left $pwidth \

-width_bottom $pwidth \

-width_top $pwidth \

-spacing_top $pspace \

-layer_bottom metal1 \

-center 1\

-stacked_via_top_layer metal3 \

pplan.tcl

puts "------ making power stripes-----------------

# Make Power Stripes. This step is optional. If you keep it

# in remember to check the stripe spacing

# (set-to-set-distance = $sspace) and stripe offset

# (xleft-offset = $soffset))

addStripe -block_ring_top_layer_limit metal3 \
-max_same_layer_jog_length 3.0\
-snap_wire_center_to_grid Grid \
-padcore_ring_bottom_layer_limit metal1 \

# Use the special-router to route the vdd! and gnd! nets
sroute -allowJogging 1

# Save the design so far
saveDesign ${BASENAME} pplan.enc
puts "---m-m-mmem- Power Planning done---------
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top.tcl

Read the script...
place
pre-CTS optimization
clock tree synthesis
post-CTS optimization
routing
post-ROUTE optimization
add filler
write out results

Report Files

¢ <topname> Conn_regular.rpt
¢ <topname>_ Conn_special.rpt

¢ <topname>_ Geom.rpt

* Want 0 violations in all

= If you have 1 or 2 in the geometry you might be
able to fix them easily in Virtuoso...
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Read back to Virtuoso

¢ Make a new library to hold the placed and
routed version

¢ Commands to read Verilog and DEF are in
the CIW, not Library Manager...

= Once you have both schematic and layout, you
can DRC-Extract-LVS to make sure it’s all OK!

Import Verilog

X\ Verilog In
In CIW
Import Options | Global Net Options | Schematic Generation Options . .
File -> Import -> Verilog

Verilog Files To Import VLSI/syn-f17/INN/controller_innovus.v

Target Library Name controller

Reference Libraries CAD6 basic Make SURE you import
Reference Symbol View Names symbo .
’ e The Verilog from Innovus!

» Overwrite Options

x| Log File

» Import Modules as File Edit View Help cadence

@(#)$CDS: ihdl version 6.1.7-64b 07/14/2017 22:29 (sjfhw3e2) $ Fri Oci

b Filter Modules INFO (VERILOGIN-126): Unable to find the Verilog definition for module
CADG, cell DCBX1, and view symbol as the symbol.
INFO (VERILOGIN-126): Unable to find the Verilog definition for module
» Library Pre-Compllation Options CAD, cell TIEHI, and view symbol as the symbol.
INFO (VERILOGIN-126): Unable to find the Verilog definition for module

CADG, cell NAND2X1, and view symbol as the symbol.
INFO (VERILOGIN-126): Unable to find the Verilog definition for module
CAD6, cell NOR3X1, and view symbol as the symbol.
INFO (VERILOGIN-126): Unable to find the Verilog definition for module
CADG, cell INVX1, and view symbol as the symbol.
INFO (VERILOGIN-126): Unable to find the Verilog definition for module
CAD6, cell NOR2X1, and view symbol as the symbol.
INFO (VERILOGIN-126): Unable to find the Verilog definition for module
CADG, cell NAND3X1, and view symbol as the symbol.
INFO (VERILOGIN-126): Unable to find the Verilog definition for module
CAD6, cell AOI21X1, and view symbol as the symbol.
@I®  concel ) Defaults ) (_Apply )\ Load | Save ) (_Help / [fueo (VERILOGIN-126) : Unable to find the Verilog definition for module

CADG, cell OAI21X1, and view symbol as the symbol.
INFO (VERILOGIN-126): Unable to find the Verilog definition for module
CAD, cell XOR2X1, and view symbol as the symbol.
INFO' (VERILOGIN-357): Checked in symbol controller

» Other Input Options

» Other Output Options
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Schematic view

X/ Virtuoso® Schematic Editor L Editing: controller controller schematic

Launch File Edit View Create Check Options Window NCSU Help cadence
LERBU|I#0@X O H» ¢ £-T-2-F-QQ Q8B 1L 1L

e [ FEIEE T RS B-

)

Al
controller

Q B -
Name. - Tm|

I controller
i@ state_reg 0_(DCBX1)
) state_reg 1_(DCBX1)
) state_reg 2_(DCBX1)
) state_reg 3_(DCBX1)
2) U72 (TIEH)
2) U73 (NAND2X1)
) U74 (NOR3X1)

) U77 (NOR2X1)
) U78 (NAND2X1)
2) U79 (INVX1)
) U8O (NAND2X1)
UB1 (INVX1)

Property Editor

mouse L: showClickinfo) M: schHiMousePopUp() R: schHiMousePopUp()
B8] > Cmd: Sel:0

Symbol view

X Virtuoso® Symbol Editor L Editing: controller controller symbol
Launch File Edit View Create Check Options Window Help cadence

=" d 0 M@ xX QT ¢ B-T-Z2-F-|Q K
e Basic PEEG S 2QH@ /©
igator 78 X

< Al

controller

Q B-
Name

i controller

aluop<1:0>

alusrca

alusreb<1:0>

dlk

iord

inwrite<3:0>

memread
memtoreg
memwrite
op<5:0>

peen
pesource<1:0>
regdst
regwrite

Y

Property Editor 78X

mouse L: mouseSingleSelectPt() M: schHiMousePopUp()
24) Cmd: Sel: 0

R: schHiMousePopUp()
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X/ Virtuoso(R) DEF In

DEFIn File Name /home/elb/VLSI/syn-f17/INN/controller.def

Target Library Name controller

-
Target Library Path N Re ad DEF

Ref. Technology Libraries

Create a module hierarchy from hierarchical names J Share Library J
New Library (]
: ‘ , p
Target Cell Name controller
Browse
Target View Name layout

Component View List

Master Library List CAD6

Overwrite Design __ Create CustomVias only o
Log File Name

 Use Template File & Use GUI Fields

Save Template File Name ST

Comment Char

Pin Purpose
Do not create any routing data o
Layer Map File Name

Compress  __

Ignore DRCFILL Shape Tag & Translate on Drawing Purp
@ el Defauls . Apply ) Help

Resulting layout view

X| Virtuoso® Layout Suite L Editing: controller controller layout

Launch File Edit View Create Verify Connectivity Options Tools Window Optimize NCSU Help cadence

[[= o e|d 0 @mMXEQEI® »IQ »|¥% »ess BE G
17, 3 @ e Gy Q1 Axl D1 U4 » || @sclecto seino seiyo seiopo[x 7050 ¥ 22570 av
Palette 728 X N

Layers =3

YAl Layers B

I¥ Valid __ Used __ Routing S

e B i i Problem: all
SRR ML 1) 1 il ] cells are

oo o v Y] .
L abstract views!

v]s
Y v
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ v
¥ v
¥ v
¥ v
v v
v v
v v
v v
v v

Pl )

KKK
KK K@

Objects | Grids

—
| PreSel: Pathseg Layer(metal2 drw) Netigndl) Width(9.9000)
mouse L: showClickinfof) M: prtDEFInCB) R:_IxHiMousePopUp()

) | > | cmd: =
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Change abstract to layout cellviews

X\ Find/Replace
search
Search for NSt -] Add Criteria

Edit -> Search

view name B = B abstrace

© Match all of the above _ Match any of the above
 Case Sensitive
Search Hierarchy Range  (current cellView, -]
Region
® Entire CellView

o Viewing Area

Replace

Delete

view name [~} > layout

Search Results

_ Zoom To Figure

Current Figure 1 B Figure count 278

Add Select Deselect Replace Previous. Next

@D _sciectal ) DeselectAll  (_Replace Al

Add Criteria

Close | _Help

Change abstract to layout cellviews

———
X\ Virtuoso® Layout Suite L Editing: controller controller layout

Launch File Edit View Create Verffy Connectivity Options Tools Window Optimize NCSU Help cadence

126 Lo el 0 M X 60 BI® IR % s B &

I, < @ 3k %I Q1 44 0]

Layers 8%

Y _All Layers -]

¥ Valid _ Used _ Routing
Filter Q n -

[ active boundary B

AV ¥ NV ¥ AS ¥ NS v

| tayer [Pu.J V]S
W acive  bnd v v
O b

¥ ¥
¥ ¥
Cas
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥

o

KKKES
KK K@

Objects | Grids
—

» || (FISelect0 SeliN}O Sel(}0 Sei(O}0 [X 231450 ¥ 251.400  dX av

|| Presel: Pathseg Layer(metal1 drw) Netigndl) Width(2.4000)

uimouse L: showClickinfof)
am | >

M: leHiSave() R:_IxHiMousePopUp() |
| cmg: ~
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LVS Result

X\ Artist LVS
Commands Help cadence X
Run Directory LVS Browse - The LVS job has completed. The net-lists match.
iy
Create Netlist ¥ schematic & extracted A !
K Run Directory: /fhome/elb/VLS|/cadence-f17/LVS
Library controller controller
Cell controller controller Close
View schematic extracted
Browse Sel by Cursor Browse Sel by Cursor
Rules File Browse
———
Rules Library ]
LVS Options ¥ Rewiring — Device Fixing Yay! ! !
_ Create Cross Reference ¥ Terminals
Correspondence File  —  1vs_corr_file Create
—

Switch Names

Priority ] Run \background
Run Output Error Display Monitor Info
Backannotate Parasitic Probe Build Analog Build Mixed
6 | HelpAction

Summary

¢ Behavioral -> Structural -> Layout
¢ Can be automated by scripting, but make
sure you know what you’re doing
= Synopsys documentation for design_compiler
= innovus.cmd (and documentation) for Innovus
¢ End up with placed and routed core layout
= or BLOCK for later use...
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