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Design Stage

Design

Create specifications and a verification plan, High Level modelling and RTL Coding

\/

Synthesis

Reading HDL , Mapping into generic cells, Mapping into logic cells, Optimise design to meet constraints

Signoff

DRC, IR-Drop , EM , Static Timing Analysis, Power Analysis and Transistor Level Simulations
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Digital IC Design Flow: Place&Route

Logic Synthesis
(Synthesis tool)

L . Cell Library
Gate-level Netlist Design ) o
(Verilog / VHDL) Constraints (Physical description)

Physical Design
(Physical design tool)

Layout
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SOC Encounter Lab Instructions

For this lab you will need:

1. A synthesised Verilog net list of the design (this is
obtained from the synthesis stage)

2. Your timing constraints file “design.sdc” (this is
obtained from the synthesis stage)

3. Configuration file (design.conf) this is provided

4. MMMC (Multi-Mode Multi-Corner) view definition file
(design.view) this is provided
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Design Directory Management

1. Inside your design directory create a sub-directory called
pnr

2. Copy the design files into pnr

digit

syn src pnr
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Introduction

m The place and Route software within the Cadence
software is called “velocity”

m To be able to run this software you need to first set
up your directory for the required AMS ¢35 design
files

m In this work, the environment has been setup to run
“velocity” properly. So you don’t actually need to
do anything by yourself
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Running encounter

m Simply type “velocity” at a command prompt and
the basic encounter GUI with appear:

Q ¢ 0016, 0,042 pRtribut
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Stages of the lab

Design Setup
892

Floor Planning

2

Power Planning

NZ

Power Routing

Z

Place

592
Timing Optimization Pre-CTS
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Clock Tree Synthesis

592
Timing Optimization Post-CTS
N2

Route

592
Timing Optimization Post-Rout
L2

Adding Filler

SN2

Design Verification

592
Write Out
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P&R Process

L  DesgnSetwp |

Floor Planning

N2

Power Planning

N2

Power Routing

NZ

Place

592
Timing Optimization Pre-CTS

L92
Clock Tree Synthesis

Timing Optimization Post-CTS
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Route

L92
Timing Optimization Post-Rout
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Adding Filler
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NZ

Write Out
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Import the Design

= Design Import Tax
m Choose Design - import Wetlist:
- & Verilog
Design to open the form e ]
" . " Top Cell:® Auto Assign o By User:
m Load up the configuration file o v e e R
(design.conf). =
Technology/Physical Libraries: =
o]
-
& LEF Fx‘l-‘s . .|ESLgrleS/eISI‘VE?O/ETLLSLMC35/LE}-/C3&14/IDLIE,4H.l?fJ
Floorplan
10 Rssignment File: r_I
er
Power Nets; vdd!
Hets: grd!
Lle: B
Analysis Configura®
MMC View Definition File: J
CreateWgalysis Configuration ...
Save... Lead.) Cancel telp |
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m Load up MMMC definition view & S L
. . . Netlist:
file (design.view). St
Files: qmult_sunl.v |

Top Cell:® Auto Assign o By User:

Technology/Physical Libraries:

-

& LEF Files rk its fans/v370/art ist /HK_C35/LEF /c35b4/T0LIB_4M, Lef _I
Floorplan
10 Assignnent. File:
Power
Pover Nets: vid!
Ground Hets: gnd!

CFF File: »_J
Analysis Configuration

MHMC View Definition File: Design,view '_J
{Create Analysis Configuration ...}

[« ] Save... Load... Cancel telp ‘
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Import the Design

m Change the name of the verilog
net list to match your own).

‘- Design Import. S
Netlist:
& Verilog

> amlt
P Filestquit sl

m  Then click ok, this will setup your
libraries and read in all the
relevant cell definitions and
calculate the initial floor plan

Top Cell:® Auto Assign o By User:

Technology/Physical Libraries:

ol
& LEF Files lesigrkits/ans,/vET0 art ist./HK_C35/LEF /c3064/T0LIB_OH, 1of . |
Floorplan
10 Assignwent File: B

Power

Power Hets:vdd
Ground Hets: gnd|

CPF File: B
Aalysis Configuration
MY ieu Def inition File: Design viev =]
b

o« Save... Losd... Cancel. Lele ‘
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Design Prepped

m Note the design is ready for placement...

Tools el cadence

I

1

a « =
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P&R Process

| Design Setup

Power Planning

NZ

Power Routing

Z

Place

592
Timing Optimization Pre-CTS
SZ

Clock Tree Synthesis

592
Timing Optimization Post-CTS
N2

Route

592
Timing Optimization Post-Rout

592
Adding Filler

SN2

Design Verification

592
Write Out
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Floorplanning

Specify Floorplan

{Basic; | Advanced

m Can specify details of the

Design Dimensions

f|00r plan Specify By: & Size DiefIO/Core Coordinates

& Core Size by: ® Aspect Ralio:

Floorplan -> Specify Floorplan

o7
0.84998
m The CORE is the part of the 4156
- - - 4
design containing the cells, — e
and the periphery is for all s037
- 10 Boundar
the 10 and power rings G
e to Left| 504 Core to Top 500
m Select the core size as Core to Right,| 500 Coreto Botiom: 507
- ize Calculation Use: Max 10 HE\ghI % MinlO Hewgm
fouows(nOtlce the core Floorplan Origin at # Lower Left Comer Center
dimensions) Nt Micron
m Set the core utilization to oK apply Cancel Help

0.7 to allow room for routing
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Floorplanning

m Set the advanced option as
shown here

= Note that row spacing is set __5
here to 7.8 to facilitate
routing

===

Specify Floorplan

Basie)| Aavanced |
Standard Cell Rows

Double-back Rows:

‘ Bottom Row Orient: [
Row Spacing; \76 um ForEvery 2 —| Row

Site: standard — | Row Height 13.0

I Allow Overlapping Same Site Rows

10 Specifications

Bottom 10 Pad Orientation: [Jro  —

1 Use /O Rows for VO Placement

telp | |

Non Abutted Rows
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Abutted and Flipped Rows
17
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Save the Design

To save/restore the design:

- Encounter(R) RTL-to-GDSII S

(@8 Edit View Partition Floorpla

Import Desizn...

Restore Design...
ECQ Design...
Save Design,..

Create OA Library,.,

Import RIL...
Load

Save

Check Design,,,
Report

Exit
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(= Restore Design

Data Type: & Encounter 08

Restore Design File: quults.enc
_ Sunc Relative Path
__ Hith ERROR Line nessages
__ Hith HARN messages

Save Design

Data Type:® Encounter o 0A

File Hame: quults.enc
— Hierarchical DB

Choose Data Type as Encounter
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P&R Process

Design Setup |
5

Floor Planning |

7 E—

Power Routing

Z

Place

592
Timing Optimization Pre-CTS
SZ
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592
Timing Optimization Post-CTS
N2

Route

592
Timing Optimization Post-Rout

592
Adding Filler

SN2
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592
Write Out
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Power Planning
During Power Planning: F [ \ H ] F ‘ | | \ l H \
You define the global wire and — —
grounds nets and create the = -
power structures that N H
corresponds to the global nets < -
= =
< = |
E block 1 :
L O
- _H_H -
BL N [ e[ [v] [ e[ MM
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Power and Ground Rings

- ‘Add Rings BEE
Basic || Advanced || ia Generation |
m You can automatically add Neve: e vae
power and ground rings L
around the design using Vi
Power >Power Planning > U
Add Rings X
m  Specify the names of the S
power and ground 2, uieruenneucnnrdinawes [
connections T
m From here you can change = s e = | e e
. . width |2 B 2 2
the layer and dimensions of Crrh E : ; upsate
pOWGF and grOUﬂdS I’IngS Offset: \;Tcer\lerlnc:a:nel olzp:cuy =
- - - - Option Set
m Click ok, this will add a ring o A=
for power and ground
around the design oK | vemmes|  aopy |  Dewms | conoel | mep | |
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P&R Process

| Design Setup |
R

| Floor Planning |
RS
| Power Planning |

7, . R —

Place

592
Timing Optimization Pre-CTS

L92
Clock Tree Synthesis

Timing Optimization Post-CTS
5

L92
Timing Optimization Post-Rout
RS

Adding Filler
L ¥2

Design Verification

N2
Write Out

|
]
|
|
Route |
|
]
|
|
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Connect Power and Ground to Core

m To connect to the core you need to complete a
route -> special route:

Devgn Ede Symbasis Patsen Ehorgan Pouse Pace O B

Encosniers Digral kmplementiion System RTLA>-GSI1 &1 Borme Bk mydesigaiBpss - gmults
- ) Ve Tooh Hop

cadence

ok aroolumlas
3 IRSL YR IR YIRS

S |

seviars [T

 Profer different bayer joy
. Profor same layor jog

ox vy petaus Gance e
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P&R Process

Design Setup

N2

Floor Planning

N2

Power Planning

N2

Power Routing

Timing Optimization Pre-CTS

L92
Clock Tree Synthesis

Timing Optimization Post-CTS
5

Route

L92
Timing Optimization Post-Rout
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Adding Filler
L ¥2

Design Verification
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Write Out
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Placement

Placement is the process of placing the standard cells
and blocks into the floor planned design

A Stadard Cell

\

[ I
I I
= I [
> | I
IR I
[ [ 1] 1
I [ ]
I I
Before Placement After Placement
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Placement

m This is simply to show the quickest place and route
approach (Place >> Standard Cells )

NX - prw@esdcad4.ecs.soton.ac. uk: 1001 - esdcad4

Design Edit Suhests Partition Eloorplan Pou Clock oute Dining G1 Werify Tools Help
J. | Q Q& E OO0 | e 6 | 9 [pesin iar Prace

[ ] ) 8] 0] @) B @ nei e |6 [ R &)
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Placement

m Choose the full placement — on a simple design it
won’t take very long at all to complete

“* Run Full F ~~ Run F In Floorplan Mode

~Optinization Options
I Include Pre-Place Optimization

4 Include In-Place Optimization

oK ‘ Bpply | Mode | gelaum;] Cancel Help ‘ ‘

Include Pre-Place Optimization
Runs optimization on the netlist before placing
the cells.

Include In-Place Optimization
Runs optimization on the netlist to better meet
timing constraints.
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Placement

= Then select the physical view option to see the placed
cells

cadence
wem i xme

b
) ¢ masz, 1eas2n) o
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P&R Process

Design Setup
892

Floor Planning
L2
Power Planning
592
Power Routing
L2
Place

Clock Tree Synthesis

592
Timing Optimization Post-CTS
N2

Route

592
Timing Optimization Post-Rout

L2
Adding Filler
L ¥2
Design Verification

592
Write Out

@ School of Electronics and Computer Science, University of Southampton, UK 29

Timing Optimization

s ___Optimization,
Design Stage
m Select: Optlmlze > & Pre-CTS , Post-CTS . Post-Route
Optimize Design S
Incremental
| In the dialog bOX & Design Rules Violations
W Max Cap
select Pre-CTS P
Max Fanaut
m Select the type of
(@) ptl mization oK Apply Mode Default Close Help
m Click ok

Note that you need to perform Timing Optimization at different
design stages
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Timing Optimization Pre-CTS: Trial Rout

cadence

AN NN E NN NN NN
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Timing Optimization
* You will get a summary of the optimization,
= Figure 1 show is an extract for that report that shows
that setup timing constraints are met
optDesign Final Summary
Fommmmmmmmmmmmmeeeee e Bt fm====mmme m=m=mmeeme ommmmmmae 4m==mmmeae e L +
| Setup mode | all | reg2reg | in2reg | reg2out | in2out | clkgate |
Fommmmmmmmm—mm—m—m o Fommmmm-mm Fommmmm—mm Fom—mm - o - Fommmmmmm +
[ WNS (ns):| 0.102 0.102 1.006 | N/A | N/A | N/A |
[ NS (ns):| 0.000 0000 0,000 | N/A | N/A | N/A ]
| violating Paths:f—0_ 0 | N/A | NA | NA |
| A1l Paths:| 229 193 227 | N/A | N/A | N/A |
Fommmmmmmmm e Fomm—m-- -mmm—-—-- t--———m--- fo—mmmmmm t---—mm--- Fomm—mm—-- +
Figure 1
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P&R Process

Design Setup
892

Floor Planning

2

Power Planning

NZ

Power Routing

Z
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L2

Adding Filler

SN2

Design Verification

592
Write Out
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Clock Tree Synthesis

m Set clock tree synthesis mode by typing the following

command:

setCTSMode -engine ck
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Clock Tree Synthesis

1. Select Clock > Synthesize Clock Tree
2. Click on Gen Spec button to create a clock specification file

3. Choose from the Cells List the name of the cell you want to use during
timing optimization

4. Click ok in Generate Clock Spec form to generate a file called
Clock.ctstch that contains that clock specification

5. Click ok in Synthesize Clock Tree form to synthesize the clock

6. You can clear these specs from the clear spec Tab

bt Encounter® Digital Implementation System RTL-to-GDSII 8.1 - /home/bhd/myd
v Synthesize Clock Tree =IE]*]} M ceemececise. . HEE

Basic | [Advanced | /
Clock Specification Files:|

Specify Buffer/lnverter

Selected Cells

T T —
| Entes | | [z
Results Directory: [clock_report / INVD J
1| Delste J 1
- )

Output Specification File: [Clock.ctstch Tk

o | sy | cwwsme | cuen | _ww ||

OK | _apply | Mode | LoadSpec | ClearSpec | §ance\‘ Help H
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Clock Tree Synthesis

m To see the clock tree select Clock > Display > Display Clock Tree
m In the dialog box select the options as shown in figure one and click ok

m  You should see the clock tree in a white colour as in figure 2

[ Display Clock Tree B C1 £
Clock Selection Iejaq ac » = N T
# Al Clock(s) [ ke

s Selected Clock

Route Selection

+s Pre-Route

# Clock Route Only
+ Posi-Route

cadence

Display Selection

# Display Clock Tree
# Al Level
+ Bottom Level (non-gated clock tree only)
- Selected Level (non-gated clack tree only)

|1
« Display Clock Phase Delay
« Display Min/Max Paths

oK | Apply | ;ancell Help |‘

Figure 1

Figure 2
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P&R Process

Design Setup
892

Floor Planning

2

Power Planning

NZ

Power Routing

Z
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Route
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592
Write Out
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Timing Optimization

™ Optimization - *x
L SeIeCt : Optimize > iesli!:zfi'@Je & Post-CTS ~ Post-Route
Optimize Design Optimization Type
W Setup 1 Hold
u In the dialog box :g:;::e::a‘; Violations
select Post-CTS e
I Max Fanout
m Select the type of g
Optlmlzatlon g OK ‘ ) Apply I | Mode J ’Qefaull Il 1 Close | Help JI
m Click ok
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Timing Optimization

* You will get a summary of the optimization,
» Figure 1 show is an extract for that report that shows
that setup timing constraints are met

—4----- + + + + + +
| Setup mode | all | reg2reg | in2reg | reg2out | in2out | clkgate
fommmmmmmo + + + + + +

| WNS (ns):| 0.101 0.101 1.524 | N/A | N/A | N/A

| . INs (ns):| 0.000 0.000 0.000 | N/A | NA | N/A

| wviolating Paths:| <U__ 0 | NA | NA | N/A

| All paths:| 229 —193 227 | N/A | N/A | N/A
o + + + + + +

Figure 1
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P&R Process

Design Setup

N2

Floor Planning

N2

Power Planning

N2

Power Routing

NZ

Place

592
Timing Optimization Pre-CTS

L92
Clock Tree Synthesis
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Timing Optimization Post-Rout
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Adding Filler
L ¥2

Design Verification

NZ

Write Out
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Routing

m Routing is the step where the placed cells are
connected with metal lines in a similar fashion to

the Verilog netlist

’ DFF [ lBUFI lNAND{

|CKBUF| kkaur’ FKBUF‘ ‘ DFF [

| oFr

‘CKBUF| | NOR | ICKBUF‘ ‘ INV |

Before Routing

After Routing
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Routing
m After the cells have been et s

powered up, then final
routing can take place

Route > NanoRoute > Route

m You select Timing driven so
that the router will try and
meet your timing constraints

m After it finishes you should
see 0 violations and 0 fails in
the shell window

Post Route Optmization _j Optinize Via _| Optimize Wire

Concurrent Routing Features.

W Fix Antenna I Insen Diodes
Canguslon . g S
W Tining Driven et oo |l B SMART.
1 S Driven
| Post Route SI [ ]

I Post Route Lo Repalr

Rouling Contrul —
i Selecled Nels Only  EofomLayer  [defaul  Top Layer [default
i ECORaute

| hra e I ~ (7 |

Job Contro
Ao Siop
Numer of Trreaals) For Musple Trveases [i
Number of Treads) For Supermveatea [T
umber of Host(s) For Supernveaed:[§

ol Multiple CPL..
oK Apply. Afribute Mode Save Load Cancel Help
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Design View after Routing

4 Encounters. Digital Implementation Sysiem RTL-40-GDSI) &1 - /home/bho/mydesignBpnr - amulis s
Design Edt Synmesis Pantion jan Power Place Clock Bowle Iming §1 Yerty Tools Help cadence

[Blacaioo|ersd

J,+wﬂlwmngth [ EYIE

N A
% | [Design i outed PR

Q sa( 23201, 589.639)

@ School of Electronics and Computer Science, University of Southampton, UK

43

P&R Process

Design Setup
592

Floor Planning

N2

Power Planning

N2

Power Routing

NZ

Place

592
Timing Optimization Pre-CTS

L92
Clock Tree Synthesis

Timing Optimization Post-CTS
5

Route
| Adding Filler |
5
| Design Verification |
N2
| Write Out |
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Timing Optimization

m Disable Signal Integrity Analysis by using following
command, since you don’t need to concern about On-

Chip-Variation:
setDelayCalMode —engine aae —SIAware false

Optimization,

m Select : Optimize > I
Optlmlze DeSign ies;?:-z%ge « POSLCTS # Post-Route

- Optimization Type
= In the dialog box / wsew | v

~ Incremental

select Post-Rout R
W Max Cap
m Select the type of B e
. . . _I Max Fanout
Optlmlzatlon 1 Include §I
- Click ok oK ‘ Apply i Mode ‘ Default ‘ Close i Help ‘I
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Timing Optimization
* You will get a summary of the optimization,
= Figure 1 show is an extract for that report that shows
that setup timing constraints are met
ommmommmmmo—m oo tommmmm oo tommmmmm - $ommmmmmm- Fommmmmmmo Fommmmmmmm fommmmmmoo +
Setup mode | all | reg2reg | in2reg | reg2out | in2out | clkgate |
mmmmemmmmmemm e ——— pmmmm———— mmmm————— mmmm———— pmmmm————— pmmmm————— pmmmm————— +
| WNS (ns):| 0.015 0.015 4.459 | N/A | N/A | N/A |
\ ™S (ns):| 0.000 0000 0000 N/A | N/A | N/A |
\ violating Paths:| /A | N/A | N/A |
| A1l Paths:| 229 193 227 | N/A | N/A | N/A |
ommmemmemsemsoeoone tmmmme———— tommm————— tommm————— Fommm————— Fommmm———— Fommmm———— +
Figure 1
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P&R Process

Design Setup
892

Floor Planning

2

Power Planning

NZ

Power Routing

Z

Place
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Timing Optimization Pre-CTS
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N2

Route
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Timing Optimization Post-Rout

| Design Verification

N2
| Write Out
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Filler Cells

m You can see gaps between the VoD

cells and these need to be filled
using filler cells.

m These cells are simply standard
power and ground router cells to
connect the VDD, GND and
nwells together

m Place >> Physical Cells >> Add
Filler

VSS

@ School of Electronics and Computer Science, University of Southampton, UK

Well
contacts to
VDD/VSS
by defaults
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Filler Cells

m Select the filler cells from the list as shown

Add Filler,

Cell Name(s) |FILL2S FILLLO FILLS FILL2 FILL1 Select ‘ -

Prefix [FILLER

Pouer Domsin [ Select

4 Ho DRC
I Mark Fixed R
I Fill Boundary

4 Fill fArea Draws View Area
1 |
R R
ok | appy | Mode | cancel |  Hep |
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Filler Cells

Example: There is a gap in here

[Encouniers Digital impleme
Design  Edit Synthesis Parition Floorplan Power Place Cloc ing SI Yerifty Tools Help cadence

EEEEEEEIY S rEXE )| E N % |[oesig Fouted e

B &)%) @) 1%t R =] R &8 A

Dansity Map

I o] sa zeomr. seans)
sChOi.n V1 CIELU VLD allU VUTTIPULET OUIETILE, UINVEIDILY VI QUULIdlTIpwIll, Un
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Filler Cells
After adding filler cells, all gaps will be filled

S

cadence

& @ [T & % |[oesigpfl Tining Anaiyzea

BE A @

All Colots

IR SRR R RN R )

[ o ( 332835, 519.889)
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P&R Process

Design Setup
592

Floor Planning
.92
Power Planning
L2
Power Routing
592
Place

L92
Clock Tree Synthesis

Timing Optimization Post-CTS
5

Route

L92
Timing Optimization Post-Rout
RS

[
[
[
[
[

RS
| Timing Optimization Pre-CTS
[

[
[
[
[

Adding Filler

. 1 R —

| Write Out |
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Verification of the Design

m Choose Verify — Verify Connectivity to open the
form and leave the default settings

e This form allows to detect conditions such as opens,
unconnected wires, unconnected pins, loops, partial
routing, and unrouted nets.

e You will get a summary of this verification in the shell
window (you should have no violations or fails)

FEddEEd Start: VERIFY CONNECTIVITY i
Start Time: Wed Jul 9 17:19:06 2014

Design Name: qmults

Database Units: 1000

Design Boundary: (0.0000, 0.0000) (643.5750, 599.9000)
Error Limit = 1000; warning Limit = 50

check all nets

Begin Summary .
Found no problems or warnings.
End Summary

End Time: wed Jul 9 17:19:06 2014
sk End: VERIFY CONNECTTVITY s s«

verification compléte : 0 viols. 0 wrngs. —
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Verification of the Design

m Choose Verify — Verify Geometry to open the
form and leave the default settings

e This form allows to check the physical layout of the
design for DRC violations.

e You will get a summary of this verification in the shell
window (you should have no violations or fails)

velocity 1> *¥%* starting Verify Geometry (MEM: 293.1) ¥#¥

VERIFY GEOMETRY ...... starting verification
VERIFY GEOMETRY ...... Initializing . .
VERIFY GEOMETRY ...... Deleting Existing Violations
VERIFY GEOMETRY ...... Creating Sub-Areas

...... bin size: 5600
VERIFY GEOMETRY ...... SubArea : 1 of 1
VERIFY GEOMETRY ...... cells : 0 viols.
VERIFY GEOMETRY ...... sameNet : 0 viols.
VERIFY GEOMETRY ...... wiring : 0 viols.
VERIFY GEOMETRY ...... Antenna : 0 viols.
VERIFY GEOMETRY ...... Sub-Area : 1 complete 0 viols. 0 Wrngs.

VG: elapsed time: 2.00

verification Comp1&te_: 0 viols. O wrngs.
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P&R Process

Design Setup
892

Floor Planning
L2
Power Planning
592
Power Routing
L2
Place

592
Timing Optimization Pre-CTS
SZ

Clock Tree Synthesis

592
Timing Optimization Post-CTS
N2

Route

592
Timing Optimization Post-Rout

L2
Adding Filler
L ¥2
Design Verification
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Export out GDS

m We can export the GDSII by selecting File -> Save ->
GDS/OASIS and choose the GDSII option

... .....GDS/OASIS Export il
Output Format & GDSI/Stream OASIS
Output File |gmultiayout gds !

Map File streamOut.map k
Library Name |DesignLib
| Structure Name  |grults
| Aftach Instance Name to Attribute Number
| Aftach Net Name to Attribute Number

Merge Files Uniquify Cell Names
| Stripes |1
| Write Die Area as Boundary

Write abstract information for LEF Macros

Units 1000
Mode  ALL
OK Apply Cancel Help

@ School of Electronics and Computer Science, University of Southampton, UK

56

28



Export Structural Verilog and SDF files

m For Verilog: select File > Save > Netlist
m To Export SDF file:

1. Extract RC delay: select Timing > Extract RC to
extract RC timings of interconnects

2. Generate SDF file: select Timing > Write SDF and
click ok

____ CalculateDelay _|BNENED)

Delay Calculation Option
Ideal Clock

SDF OQutput File: |gmults.sdf

oK Apply Cancel Help

@ School of Electronics and Computer Science, University of Southampton, UK

57

Discussion points

1. What are the main advantages of automated place and route as
opposed to manual layout

2. Assuming you have a hard IP core, at which stage of the place
and route flow you should integrate it.

3.  What can you do of the routing fails?
4. What should you do if you have timing violations after placement?

5.  What will you do if the design is too large to be handled by the

place and route tool?
\y
6? »
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