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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 i L
(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. Tool setup file (this is provided)

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

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

4. Configuration file (design.conf) 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 To setup your environment source the file
soc_setup (attached with this tutorial) from your
working directory
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Running encounter

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

oooo

[ LSSy FECy IS
m [ [ s s i e |

Q
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Stages of the lab

Design Setup
592

Floor Planning
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Power Planning

NZ

Power Routing

Z

Place
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Timing Optimization Pre-CTS
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Clock Tree Synthesis
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Timing Optimization Post-CTS
N2

Route

Z

Timing Optimization Post-Rout

592
Adding Filler

SN2

Design Verification

X2

Write Out
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P&R Process

Floor Planning

N2

Power Planning

N2

Power Routing

NZ

Place

592
Timing Optimization Pre-CTS
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Timing Optimization Post-CTS
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Timing Optimization Post-Rout
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Adding Filler
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Write Out
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Import the Design

g
m Choose Design - import = -
Design to open the form o == ¥
. . . TopCel: # Auohssign o ByUssr [ |
m Load up the configuration file
. ~ Tining Libearies: =
(design.conf). Tag it | .
Wi Tining Litrasies: | J
Comnin Timng Lt LW CORELD -
LEF Files: [opVesdcadesignits/ans/vaTIVamsyii_CISAEFICH ’J
Tining Consbaint Fil:[design sac =
10 Assignmest Fie: | =]

o] ] N w | |
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Import the Design

Design Import

Basic ()
m Change the name of the verilo = -
net list to match your own), iy, 3
Top Cell: & Auto Assign +, By User:
m  Then click ok, this will setup your
. . .  Timing Libraries: 3
libraries and read in all the - -
e Min Timing Librasies: | J
relevant Ce!l . deflnltlons and Comnon Tiing Libraties:[optesacatidesigri/ans/vaTONReNYC35_3 3V/c35_CORELIB L fglesacanesigridirant .|
calculate the initial floor plan i
LEF Files: [opVesdcadidesigniityans/V3Tl/arbsyK_C354 EFic: i J
Timing Consart Fie: [Sesign sac =
10 Assignment i gl
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Design Prepped

m Note the design

Pous

Dosen N Surmess Pamven

is ready for placement...

I

Blace Crock feus Tmng $ Vet Too cadence

A Calors

ki
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P&R Process

Design Setup

Power Planning

N2

Power Routing

NZ

Place

592
Timing Optimization Pre-CTS

592
Clock Tree Synthesis

Timing Optimization Post-CTS
L$2

Route

L92
Timing Optimization Post-Rout
RS

Adding Filler
L¥2

Design Verification

NZ

Write Out
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Floorplanning

m Can specify details of the
floor plan

Floorplan -> Specify Floorplan

m The CORE is the part of the
design containing the cells,
and the periphery is for all
the 10 and power rings

m Select the core size as
follows(notice the core
dimensions)

m Set the core utilization to
0.7 to allow room for routing
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v] Specify Floorplan [~][=](*]
[pasic! | [AdaRzaa|
Design Dimensions
Specify By: 4 Size -, Die/lO/Core Coordinates
4 Core Size by: 4 Aspect Ratio: Eﬁgﬂ
[ 07
A7 G
[ 4156
[ anan
+~ Die Size by: \ 516.0
T
0 10 Boundary
ore to Die Boundary
eto Left i_ 504 Core to Top:| 500
Core to Right | 500  Coreto Bottom:| 507
ize Calculation Use: .~ Max IO Height 4 Min 10 Height
Floorplan Origin at: # Lower Left Comer . Center
Unit: Micron
OK Apply Cancel Help ‘ ‘

15

Floorplanning

m Set the advanced option as
shown here

here to 7.8 to facilitate
routing

Non Abutted Rows

m Note that row spacing is set _
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Specify, Floorplan

m] [dvanced, |
Standard Cell Rows

Bottom Row Orient: [ ~|

“um  ForEvery 2 — | Row

Double-back Raws,
Row Spacing: [76
Site:  standard | Row Height 13.0

_I Allow Overlapping Same Site Rows

10 Specifications

Battam |0 Pad Orientation: [Jro  —

I Use I/O Rows for VO Placement

telp |

Abutted and Flipped Rows
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Save the Design

To Save the design: To restore the design:

Design Edit Synthesis Parition Floorplan Design Edit Synthesis Partition Floorplan Pc
Import Design... Import Design... I b4 B .
Import RIL... Import RIL.. J [%J NJ =
Rastr Desir -
Save Desin 45 > Soce.
S 0A..
Load * oa.. Losd ¥ With ECO..
Save > Save -
Check Design... Check Design...
Report > BReport >
Preferences Preferences
Mode Setup... Mode Setup..
Global Variables.. Global Variahles.
Multiple CPU Processing.. Multiple CPU Pracessing.
Show/Hide » Show/Hide >
Exit Exit
Design >Save Design As> SoCE Design >Save Design As> SoCE
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P&R Process

| Design Setup |
RS

| Floor Planning |

14—

Power Routing
SN2
Place

592
Timing Optimization Pre-CTS

592
Clock Tree Synthesis
NZ
Timing Optimization Post-CTS
L92

Route

L92
Timing Optimization Post-Rout
RS

Adding Filler
L¥2

Design Verification
N2
Write Out

@ School of Electronics and Computer Science, University of Southampton, UK 18




Power Planning

During Power Planning:

You define the global wire and
grounds nets and create the
power structures that
corresponds to the global nets

BLIYITBITTILF]]

[ [Tl T Tol Tal T Tl [all

| EITTM I TP

Sl N[ el [v] [ e[ ] I
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Power and Ground Rings

® You can automatically add
power and ground rings
around the design using
Power >Power Planning >
Add Rings

m Specify the names of the
power and ground
connections

m From here you can change ——

the layer and dimensions of
power and grounds rings

m Click ok, this will add a ring
for power and ground
around the design

Add Rings

Basic | adyanced || Via Generation

nd vdd!

Core ring(s) contouring
# Around core boundary
_I Exclude selected objects

~ Along VO boundary

Block ring(s) around

<

$ECECIC

1

~ User defined coordinates: |

v

Ring Configuration
Top: Bottom Left Right
aye  METIH —| METIH —| METzV —| MET2V ~|
width: |2 I3 2 3
Spacing: [Z [z N [z Update
Offset - Centerinchannel 4 Specify

[o7 [o7 o7 o7

Option Set

1 Use option set [

B 6 e

ok | Veriables | Apply Defautts | Cancel |

Help ‘ |

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

20

10



P&R Process

| Design Setup |
5

| Floor Planning |
5
| Power Planning |

e 11 L R —

Place

592
Timing Optimization Pre-CTS
SZ

Clock Tree Synthesis
592
Timing Optimization Post-CTS
N2

L92
Timing Optimization Post-Rout

L2
Adding Filler
L¥2
Design Verification
L¥2
Write Out

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

m To connect to the core you need to complete a

Desn Ed Spbaus Padbia Eworan

route -> special route: | m—rrrerrrr

h ki [
IEEROR DR,

BlAaqa®0o

i1 | e | Vi Gonarahion |

o dowty | Detaits Goncel e

cadence
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P&R Process

Design Setup
592

Floor Planning

2

Power Planning

NZ

Power Routing

Timing Optimization Pre-CTS
SZ

Clock Tree Synthesis

592
Timing Optimization Post-CTS
N2

Route

Z

Timing Optimization Post-Rout

592
Adding Filler

SN2

Design Verification

X2

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

\

7
¢> l”| |I |||x

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 - prweesdcadd.ecs.soton.ac. uk:1001 - esdcad4

Refine Placenent., ..
EC0 Placenent...
Place Spare Cell,.,
Filler

Tie HIAD

Scan

Check Placement. ..
Clear Check Place Harkers
Display
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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 ~ Run

Optimization Options
I Include Pre-Place Optimization

4 Include In-Place Optimization

oKk | apply | Mode | Defaults |

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

Dosgn Edt Syn

cadence

lelaaaq
il

o 613557, 180.321))
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| T algl———
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All Colors
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P&R Process

Design Setup
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N2
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N2

Power Routing

NZ

Place

Clock Tree Synthesis

NZ

Timing Optimization Post-CTS
L$2

Route

L92
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Adding Filler
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Design Verification
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Write Out
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Timing Optimization

m Select: Timing >
Optimize

m In the dialog box
select Pre-CTS

m Select the type
of Optimizatio

m Click ok

i c Optimization
Design Stage
& Pre-CTS v POSICTS -~ Post-Route

Optimization Type

W Setup

« Incremental

# Design Rules Violations
W Max Cap
W Max Tran
| Max Fanout

0K Apply [ Mode Qefaull‘ Close |

Note that you need to perform Timing Optimization at different
design stages
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Help

29

Timing Optimization Pre-CTS: Trial Rout

cadence
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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

+
| Setup mode [ all | reg2reg | in2reg
Fommmmm—m—- tommmm———- Fommmm———-
WNS (ns):| 0.102 0.102 1.006
TNS (ns):| 0,000 0000 0.000

+
|
| violating Paths:F——0__ 0
I
+

+—— —
=
~
>

A1l paths:| 229 193 227

Figure 1
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1
|
1
1
]
1
]
1
]
+
1
1
1
1
1
]
1
]
1

reg2out | in2out

1
]
1
1
]
1
1
1
1
+

clkgate |
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P&R Process

Design Setup
7

Floor Planning

N2

Power Planning

N2

Power Routing

NZ

Place

592
Timing Optimization Pre-CTS

Timing Optimization Post-CTS
5

Route

L92
Timing Optimization Post-Rout
RS

Adding Filler
L¥2

Design Verification

NZ

Write Out
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Clock Tree Synthesis

1. Select Clock > Design Clock

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 sppecs from the clear spec Tab

Encounter® Digital Implementation System RTL-to-GDSII 8.1 - /home/bhd/myd

Synthesize Clock Tree
Easic | [Aavanced |

Clock Specifcation Files |

Results Directory:[clock_report

o | _ony |

| _senspec. | /

ot | tosdspee | cowspee | coen | _ow

=B v

/

Specify Buffer/tverter

= 4| Delete

Generate Clock Spec

Selected Celis
" |louviz
INVD

Output Specfication File: [Clockctsich 1t

oK Apply | Clear Spec Cancel

| |
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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  |EHENES

Cock Selection
# Al Clock(s)
+ Selected Clock

Route Selection

+s Pre-Route

# Clock Route Only
+ Posi-Route

Display Selection

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

f
« Display Clock Phase Delay
s Display Min/Max Paths

OK | Apply \ Qancell Help I‘

Figure 1

Dosign Ean_syrmes

cadence

e

QAa At

s+ %

Al Codors

Figure 2
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P&R Process

Design Setup
592

Floor Planning

2

Power Planning

NZ

Power Routing

Z

Place

592
Timing Optimization Pre-CTS
SZ

Clock Tree Synthesis

[ wommereos |

Route

Z

Timing Optimization Post-Rout

592
Adding Filler

SN2

Design Verification

X2

Write Out
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Timing Optimization

0t Optimization
. H H Design Stage
m Select : Timing > - ProcTs * PostcTs
Optl m I Ze Optimization Type
W Setup _1 Hold

- Incremental

. In the dlalog bOX # Design Rules Vialations
select Post-CTS i Max Cap

| Max Tran
I Max Fanout

m Select the type J
of Optimizatio

OK [ Apply | Mode ‘

Default

~ Post-Route

Close

Help JJ

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

—fm————

+ + + + + + +
| Setup mode | all | reg2reg | in2reg | reg2out | in2out | clkgate |
fmmmmmomo- + + + + + + +
| WNS (ns):| 0.101 0.101 1.524 | N/A | N/A | O N/A |
| . INs (ns):| 0.000 0.000 0.000 | N/A | NA | NA |
| violating Paths: | 0 | NA | NA | NA |
| All paths:| 229 193 227 | N/A | NA | NA
pmmmmmmmmmmmmmm oo + + + + + +

Figure 1
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P&R Process

Design Setup
7

Floor Planning

N2

Power Planning

N2

Power Routing

NZ

Place

592
Timing Optimization Pre-CTS

592
Clock Tree Synthesis

NZ

Timing Optimization Post-CTS

Timing Optimization Post-Rout
RS

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

| oFF | [ Bur [ [ nano |
foxeur| | ckBUF  [ckBuF| | DFF |
}<:KBUF| | NOR | ICKBUF‘ ‘ INV |

Before Routing

After Routing
School of Electronics and Computer Science, University of Southampton, UK 39
Routing
m After the cells have been et s
powered up, then final sl T
routing can take place ot g e ————
Route > NanoRoute > Route . ™ W -
Post Route SI [ =)
m You select Timing driven so ) rutnem poress
that the router will try and iyt [ oo o
meet your timing constraints 4 s
m After it finishes you should e
see O violations and 0 fails in amoerofoste) o Superneases
the shell wind —
e shell window Bpply | Apwue | Mode save Losd | Cancel | Help
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Design View after Routing

[ # Encounter® Digital Implementation Sysiem RTL-40-GDSH 81 - /home/bhd/mydesign/Bpnr-amulis

Design Eot Synmesis Par cadence

Routed

Bals

]
[elasadoe A Colors

I o] o wmeoen. seme
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P&R Process

Design Setup
7

Floor Planning

N2

Power Planning

N2

Power Routing

NZ

Place

592
Timing Optimization Pre-CTS

592
Clock Tree Synthesis

NZ

Timing Optimization Post-CTS
5

Route
| Adding Filler |
5
| Design Verification |
NZ
[ Write Out |
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Timing Optimization

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

. . [~] Optimization = || B )| %]
m Select : Timing > Design Stage
O tl m|Ze ~s Pre-CTS ~s Post-CTS # Post-Route
p Optimization Type
. W Setup _1 Hold
m In the dialog box  noremenia
Select Post_Rout OID;:fnCZ:|9$VIU|3ﬂUH$
W Max Tran
. | Max Fanout
SeIeCF the type _I Incluge S|
of Optimizatio
ok | epply | Mode | Defaut Close Help
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
fmmmmmmmmm——mm—mmm o ommmmmmm e e Fommmmmmm- Fommmmm e Fommmmm o Fommmmm e +
Setup mode | all | reg2reg | in2reg | reg2out | in2out | clkgate |
fmmmmmmmmmmmm—me—meae e Hmmmmm———- 4mmmm————— fmmmmmmma- fmmmmm———- Fmmmmmmma- +
| WNS (ns):| 0.015 0.015 4.459 | N/A | N/A | N/A |
\ . JTNS (ns):| 0.000 0000 0000 N/A | N/A | N/A
\ violating Paths:| /A | N/A | N/A
I A1l Paths:| 229 193 227 | N/A | N/A | N/A |
fommmmmmmmmmmm——eeo o Fommmmmm—- dmmmmmmme- Fommmmmmee tmmmmmm——— fommmmmm—— Fommmmmmee +
Figure 1
44
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P&R Process

Design Setup
592

Floor Planning

2

Power Planning

NZ

Power Routing

Z

Place

592
Timing Optimization Pre-CTS
SZ

Clock Tree Synthesis

592
Timing Optimization Post-CTS
N2

Route

Z

Timing Optimization Post-Rout

| Design Verification

X2

| Write Out
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Filler Cells

m You can see gaps between the Vb
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
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Well
contacts to
VDD/VSS
by defaults
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Filler Cells

m Select the filler cells from the list as shown

NX - prw@esdcad4 tor uk:1001 - esdcad4

A& cE D

Add Filler,

Cell Name(s) |FILL2S FILL1O FILLS FILL2 FILL1 Select ‘ _g
Prefix [FILLER

Power Domain | Select

4 Ho DRC
I HMark Fixed R e
I Fill Boundary

Fill Area Draws View Area
— —
[ | E—
ok | Aty | Mode | cancel | Heip ||

L
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Filler Cells

Example: There is a gap in here

Design Edit Synthesis Partition Floorplan Power Place Cloc ing Sl Yerfy Tools Help cadence
lelaqaBoo|vdE~|&e» ®500|EBEN %oy Routed
Nn &)%) @] 18| b R =] &) 50 B Als

All Colors

Dansity Map

I o] sa zeoer. seans)
SChOU] U1 CIECU UINLS aliu LUliipuler ouvieiice, VInvel ity ul ouulranipluirn, un ° 48
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Filler Cells

cadence

All Colors

IR SRR R RN RN )

[ o ( 332835, 519.889)
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P&R Process

Design Setup
7

Floor Planning
L¥2
Power Planning
L2
Power Routing
592
Place

592
Clock Tree Synthesis
NZ
Timing Optimization Post-CTS
L92

Route

L92
Timing Optimization Post-Rout
RS

[
[
[
[
[

RS
| Timing Optimization Pre-CTS
[

[
[
[
[

Adding Filler

T R —

| Write Out |
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Verification of the Design

form and leave the default settings

routing, and unrouted nets.

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
wwwwniik gnd: VERIFY_CON
verification Comglete :

R
0 viols. O wrngs.

m Choose Verify — Verify Connectivity to open the

e This form allows to detect conditions such as opens,
unconnected wires, unconnected pins, loops, partial

e You will get a summary of this verification in the shell
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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 O viols. 0 Wrngs.
VG: elapsed time: 2.00
verification comp'[
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P&R Process

Design Setup
592

Floor Planning

2

Power Planning

NZ

Power Routing

Z

Place

592
Timing Optimization Pre-CTS
SZ

Clock Tree Synthesis

592
Timing Optimization Post-CTS
N2

Route
L92
Timing Optimization Post-Rout
592
Adding Filler
SN2

Design Verification
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Export out GDS

m We can export the GDSII by selecting Design ->

Save and choose the GDSII option

et GDS/OASIS Export
Output Format # GDSI/Stream  0ASIS

[v

Output File |gmultiayout gds i
Map File  |streamOutmap k
Library Name |DesignLit
_| Structure Name  |gmults
| Aftach Instance Name to Attribute Number ‘
Attach Net Name to Attribute Number |

| Merge Files 1 Uniquify Cell Names

_| Stripes |1
| Write Die Area as Boundary

| Write abstract information for LEF Macros

Units 1000
Mode ALL — |
oK Apply Cancel Help |
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Export Structural Verilog and SDF files

m For Verilog: select Design > 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 > Calculate Delay
and click ok

‘ ;': _______ Calculate Delay S ==y

Delay Calculation Option
Ideal Clock

SDF Output File: dmults.;ul

oK Apply Cancel Help
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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?

6. Whatis the difference between the post synthesis Verilog netllst
and the netlist you obtain after place and route?
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