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After completing this tutorial you will be able to:

Synthesize 3D-OASIS-NoC (3D-ONoC) router using
Design-Compiler CAD tool.

Place & Route (P&R) 3D-ONoC router with Cadence
SoC-Encounter

Evaluate the area and power

Learn how to make the synthesis and P&R via:
The CAD Graphic User Interface
Tcl script
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Tutorial
directory structure

P&R checkpoints

input_files

reports

script

Path:~ /3D-NoC

checkpoints

Synthesis

output _files

reports

script

verilog_src

Readme.txt




Tutorial
directory structure

ZXp035@zxp035:~

File Edit View Terminal Tabs Help

[zxpB35@zxpB35 ~]% tree -d 3D ONol/
3D ONoC/

| | -- checkpolnts
| | -- imput_Tfiles
| | -- reports
| "-- scripts
"-- Synthesis
| -- checkpoints
| -- output files
|-- reports
|-- script
"-- verilog src

11 directories
[ZxpB35@zxpB35 ~]%

You can check the complete tutorial’s directory structure by typing:
tree —d 3D_ONoOC under your home directory “~”
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3D-NoC router hierarchy

Top level module

router LAXYZ.v

fifo.v

input_port.v

request_cntrl.v

input_port.v

sw_alloc.v

matrix_arb_for
multistage.v

stop_go.v

crossbar.v

mux.v




Phase 1:
Synthesis with
Synopsis Design Compiller




Requirements

In this first phase, we synthesize 3D-ONoC router
and evaluate its area and power

For this phase, we need the Verilog source files

which are located in:
~/3D-ONoC/Synthesis/verilog_src

We also need the .db, .sdb, and .sldb library files
which are located in: ~/lib
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Synthesis

directory structure

Path: ~/3D-NoC

Synthesis P&R Readme.txt
checkpoints output_files script verilog_src

Contains the
checkpoints
saved all along
the tutorial

Contains the
files necessary
for the Place
and Route
phase
(.V and .sdc)

Contains the
syn_LAXYZ.tcl
shell script file

source files for
the 3D-OASIS-

Contains the
Verilog-HDL

NOC

reports

Contains the
reports
generated
from the
compilation
(Area, power)

11




Synthesis
directory structure

ZXp035@zxp035:~/3D_0ONoC

Fle Edit Wiew Terminal Tabs Help

[zxp035@zxpB35 3D _ONoC]s tree Synthesis/
Synthesis/

| -- Read me.txt

| -- checkpoints

| -- output fTiles

| -- reports

|-- script

| T-- syn LAXYZ.tcl
"-- wverilog src

|-- crossbar.wv

|-- defines.w

|-- fifo.wv

|-- input_port.w

|-- matrix_arb formultistage.w
| -- mux_out.w

| -- request _cntrl.v

|-- route.wv

| -- router LAXYZ.wv

|-- stop_go.v

"-- sw alloc.v

5 directories, 13 files
[ZxpB35@zxpB35 3D _ONoC]s

You can check the complete Synthesis directory and file structure by typing: ,
tree Synthesis under the “3D_ONoC” directory



Environment

ZXpO035@zxp035:~

Fle Edit View Terminal Tabs Help
[zxpB35@zxpB35 ~]% tcshl]

[+

Initially bash will start, so type “tcsh” to start cshr
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Environment

ZXp035@zxp035:~

File Edit View Terminal Tabs Help

[2xpB35@zxpB35 ~]% tcsh
fhome/zxp@35% cd 3D ONoC/

Jhome/zxp@35/3D0 ONoC% cd Synthesis/

fhome/zxp035/30 ONoC/Synthesis% 1s

checkpoints output files Read me.txt reports script werileog_src

Fhome/zxpd35/30 ONoC/5ynthesis% I

Go to /home/zxp035/3D-ONoC/Synthesis where the Synthesis folder is locatéd



Environment

= zxp035@zxp035:~

File Edit View Terminal Tabs Help

[ZxpB35@zxpB35 ~]% tcsh
fhome/zxpB35% cd 3D ONolC/

Ahome/zxpB35/30 ONoC% cd Synthesis/

Ahome/zxpB@35/30 ONoC/Synthesis% 1s

checkpoints output files Read me.txt reports script werilog src

JAhome/zxpB35/30 ONoC/Synthesis% dESign_viSiunI

[+]

(<]

Type design_vision to start Design Compiler

15



Design Compiler:
Synthesis steps

Design Vision - TopLevel.1

File Edit Wiew Select Highlight List Hierarchy Design Aftributes Schematic Timing Test Power Window Help

EEEEEEEEEEE

=

IEELIE Hleca

Hier1
Logical Hier |Cells (Hierarchical)

19 [l B3

Cell Name | Ref Name

[ ceil atn

[o]

JopycReRNEd |

dc_shell> gui_start
dezign_vision>

Log | History options: |
design_vision> |
Ready ‘ | | E

Welcome screen 16



Step 1: Library setup

Design Vision - TopLevel.1
File Edit Wiew Select Highlight List Hierarchy Design Aftributes Schematic Timing Test Power Window Help

lerzFlaaasaa]s ] & Al Hlas@
— Hier1
3 Logical Hier |Cells (Hierarchical)
@ Cell Name | Ref Name | Cell Path
G)\
@.
- dc_shell> gui_start
dezign_vision>

Log | History options: |

design_vision> |
Ready | | =

First, we should specify the library for the design. Click file-> Setup */



Step 1: Library setup
a- Target library

£ Application Setup

Ca

tegories

Variables

Defaults

Physical library:

Search path: IJS.DQ!Iibraries!syn feda/synopsys/syn_vB-2008.09/dw/syn_ver /eda/synopsys/syn_vB-2008.09/dw/sim_ver

Link library: e I * your_library.db

Target library.  # I your_library.db

symbol library: * I your_librarysdb

-

Synthetic library: I

¥ = required

Reset

v|

(8] 4 | Cancel | Apply |

4

Select the Target library

18



Step 1: Library setup
a- Target library

-~ Set Target Libraries

Target library: *
I'_-,rc:ur_librarg..r.db| | I Add...
Delete
i
&
OK Cancel
A

Click on you_library.db to modify the default library 19



Step 1: Library setup
a- Target library

Select Files

Look in: |3 /home/zxp035/lib/ | & cF | £k =
B . [ ]iopadlef

_1Back End [ slowdb

_AFront End [ slowlib

_lLow Power { JRslle=1Rsls

_§ virtuoso (& typical lib

[ ] LICENSE

[ ] README

(g cells.lef

(g cellsv

(g fast.db

|5 fastlib

File name: | "typical db" Open

File type: |All files (#)

j Cancel

Go to ~/lib and select typical.db.

Click Open
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Step 1: Library setup
b- Symbol library

£a Application Setup
Categories

Defaults

Variables

Search path: IJS.DQfIibrariesfsyn fedajsynopsys/syn_vB-2008 09/dw/syn_ver feda/synopsys/syn_vB-2008.09/dw/sim_wver

Physical library: I

Link library: # I ¥ your_library.db

Target library.  * |fhomefzxpDBSfIibftypical.db

Symbol library. # I your_library.sdb

o o

Synthetfic library: I

* = required

Reset - oK Cance| Apply

Select the Symbol library 21



Step 1: Library setup

b- Symbol library

Categories
- Default

Variables

Defaults
Seleck File

Look in: Ia fhome/zxp035/lib/

_wer fedajsynopsys/syn_vB-2008.09/dw/sim_wver

.

[[1Back End
[_JFront_End
[JLow Power
[FAvirtuoso

[ LICENSE

[ ] README
[ cellslef

[l cellsw

[ 1 dw_foundation.sldb
(gl fastdb

[ fastlib

[]iopad.lef
(] slow.db
[l slowlib
[] typical.db
(o] typicallib

File name: | generic.sdb

Open I

Click Open

(0] 4 Cancel |
- File type: [Allfiles (¥) =] Cancel | . &
& Reset - oK Cance| Apply
.
Go to ~/lib and select generic.sdb. -



Step 1: Library setup
c- Synthetic library

- Application Setup
Categories

Defaults

WVariables

Search path: IJB.DQIIibrariESIS}rn fedajsynopsys/syn_vB-2008.09/dw/syn_ver feda/synopsys/syn_vB-2008.09/dw/sim_wver

Physical library: I

Link library: i I *your_library.db

Target library.  # |)’home}zxpDBSIIibﬁypical.db

Symbol library. * |)‘homefzxpDBSfIib}generic.sdb

Synthetic library: I

* = required

Reset v| oK | Cance| | Apply |

£

Select the Synthetic library 23



Step 1: Library setup
c- Synthetic library

Categorie

Variable

P

Select Files

‘.Default Lookin: =5 jhome/zxp035/lib/

. [ fastlib
_1Back _End [] generic sdb |
_JFront_End [7iopad.lef R
JLow_Power [&] slow.db —
(@ virtuoso [ slowlib Delete |
[] LICENSE [ typical.db J
] README (& typicallib i | |
[ cellslef
4 |

[ cells.v
B dw_foundation.sldb
[5] fast.db

oK C | |
File name: I"dw_foundation.sldb" anee

| b
File type: Al files (*) | Cancel |
&
Reset v| oK | Cancel | Apply |

&

Go to ~/lib and select dw_foundation.sldb.

Click Open

24



Step 1: Library setup
d- Link library

Application Setup

Categories | Defaults

Defaults

Search path: IJB.DQ!Iibrariesfsyn fedafsynopsys/syn_vB-2008.09/dw/syn_ver feda/synopsys/syn_vB-2008.09/dw/sim_ver | ..

E----\-"ariabnles

Physical library: I

Link library: 1 * fhomefzxp035/ibftypical.db fhomefzxp035/lib/dw_foundation.sldb

Target library:  * I!home!zxpOB5!Iibftypical.db

% Symbaol library: * I!home!zxpOB5!Iibfgeneric.sdb

BN I 1 g

Synthetic library: I!home!zxpOB5!Iibfdw_foundation.sldb

* = required

Reset v| oK Cancel | Apply |

2

Finally the Link library, should contain the combined path of:
e Current directory: “*”

« Target library: “home/zxp035/lib/typical.db”

» Synthetic library: “/home/zxp035/lib/dw_foundation.sldb”

Click OK 25



Step 2: Analysis
a- File selection

File names in analysis order:

Format: Auto

K

Work library: | WORK
™ Create new library if it does not exist

oK Cancel

Z

After setting the libraries, we should make the analysis of our circuit
Click on File->Analyze

26



Step 2: Analysis
a- File selection

6, Analyze Designs

File names in analysis order:

X Analyze Designs

File names in analysis order:

2- Click Add

Format: VERILOG (v) [~ Format:
Work library: Auto Work library: | WORK J
SVERILOG (sv) [~ Create new library if it does not exist
VHDL (wvhdl)
vy I =iE (0] 4 Cancel
4 v
1- Change the format to Verilog 27




Step 2: Analysis
a- File selection

i,

@ @ Analyze Designs

Look in: I_«.]thr‘ﬂE;"ZKpﬂ35.:"3[:'_'::'NUC;"S},}'ﬂthESiS;"UEF”Ug_SFCI j = £ |

B crossharv

B definesw

B fifov

B input portwv

B matrix_arb_formultistage.v

B mux_outv

B request_cntrlv
B routev
B router LAXYZ.v

File name: |st_cntrlv" "route v" "router LAXYZ v" "stop_go.wv" "sw_alloc.v" Select I
File type: | Database Files ( *.v *vhd *.sv *vhdl) j Cancel |

7

Go to ./verilog_src and select the 11 Verilog files of the router 5
Click Select



Step 2: Analysis
a- File selection

@ Analyze Designs

File names in analysis order:

Mhome/zxp035/3D_ONoC/Synthesis

/home/zxp035/30_ONoC/Synthes

fhome/zxp035/30_ONoC/Synthes

fhome/zxp035/30_ONoC/Synthes

Delete

/home/zxp035/30_ONoC/Synthes
/home/zxp035/30_ONoC/Synthes
fhome/zxp035/30 ONoC/Synthes 1 +
/home/zxp035/3D_ONoC/Synthes

fhome/zxp035/3D _ONoC/Synth

/home/zxp035/30_0ONoC/Synthesis rc/defines. _

fthome/zxp035/3D_0ONoC/Synthesisfverilog_src/crossbarv

Format: VERILOG (v) j

Work library: | WORK J

[T Create new library if it does not exist

oK Cancel

Click OK



Step 2: Analysis
b- Analysis report

Gearching for /eda /syvnopsys/myn vB-2008.09 dx/2im_ver 'defines.v

Searching for /home,/zxp035/30 _0ONoC/Svntheziz/verilog_sro/defines. v

Opening include file /home/=zxp035,/30 _0MNol/Synthesis/verilog _sro/defines.v
Compiling =mource file /home/zxp035/3D _0ONoC/Synthesis/verilog_src/fifo.v
Searching for ./defines.v

Searching for feda/svnopsys/msyn vB-2008.09/ /1ibraries, svn/defines.v
Searching for /eda/svnopsys/syn vB-2008.09 ) dwy syn_ver/defines.r

Gearching for /eda/syvnopsys/syn vB-2008.09 dw/=im_ver defines.v

Searching for /home,/zxp035/30 _0ONol/Svnthesiz/verilog _=sro/defines.v

Opening include file /home/'=xp035,/30 _OMNol/Synthesis/verilog _sro/defines.v
Compiling =s=ource file /home/zxp035/3D0 _0ONoC/Syvnthesis/verilog_src/defines.v
Compiling source file /home/zxp035/3D0 ONoC/Synthesis/verilog_src/crossbar.v

Pre=zto compilation completed successfully.

design_visions

Rl |

Log | History

design_vision=> ||

Ready

The analysis report will appear in the console window

30



Step 2: Analysis
c- Checkpoint

akrownNE

g Save Design As

Look in: |23 /home/zxp035/30_0ONoC/Synthesis/checkpoints/ | <+~ £ |85 =
@ ..
File name: | analysis|ddc Save

File type: | Database Files ( *.ddc *.ddc.gz *.db *.db.gz *.gdb *sdb * pdb *eqgn *.fnj Cancel

Format: [DDC (ddc) ~|  synopsys'

¥ Save all designs in hierarchy

Click File-> Save As

Go to ./checkpoints

In File name, type analysis.ddc
Change the Format to DDC (ddc)
Click Save

It is recommended to save your progress after each step

31



Step 3: Elaboration
a- Top file selection

2 Elaborate Designs

Library: DEFAULT

Design: router LAXYZ(verilog) |l|
Parameters: Crossbarlverilog)

B fifolverilog)

input_port{verilog)
matrix_arb_formultistage(verilog)
mux_outiverilog)
request_cntrliverilog)
route({verilog)

I~ Reanalyze

router LAXYZ(verilog)
stop_gol(verilog)
sw_alloc(verilog)

Far

After Analysis, we should make the Elaboration of our circuit. Click on File->Elabgrate

In Design, select the top module of the router router LAXYZ (verilog)



Step 3: Elaboration
a- Top file selection

Library:
Design:

Parameters:

DEFALULT

router LAXYZ(verilog)

-
—
-
—

Mame

Value

™ Reanalyze out-of-date libraries

=)

Cancel |

Z

Click OK

33



Step 3: Elaboration
b- Elaboration report

N [nformation: Bulilding the design 'mux_out' instantiated frorm
the parameters "7,34". (HDL-193)
Harning: Starting with the 2000.11-1 release, the Presto Ve

Presto compilation completed successfully.

design vision>
Current design is 'router LAIYR'.

-

Log History

design_vision> "

The elaboration report will appear in the console window
Ilgnore the warnings

34



Step 3: Elaboration
c- Hierarchy

Design Vision - TopLevel.1 (router_LAXYZ)

File Edit View Select Highlight List Hierarchy Design Attributes Schematic Timing Test Power Window

le@d&a||laa@oam||® + |BE| =R | B S

JJI router LAXYZ

ll  Hierl I [=] B

& Logical Hierarchy Cells (Hierarchical) -

g; = By==> router LAXYZ Cell Name |Hef Narme |CE|| Path

@, - IEHIl0]ip [EHill0]ip input_port N... ill0lip

e, -@il[l].ip EHill1]ip input_port_N... il[1lip
Eril2lip [EHll21ip input_port_N... il[2]ip
[EHIl31ip [EHIl31ip input_port_ N... il[31ip

[Eyill41ip Eyill4lip input_port_ N... il[41ip
[EHIl51ip [EHIl51ip input_port M. il[5]ip
[Grillelip Grillelip input_port_ N ill6lip
- Grsw_allc Grsw_allc sw_alloc_NO.. sw_allc
--cbar [E}cbar crossbar NO.. char

LULL

The design hierarchy can be seen on the left side of the window



Step 3: Elaboration
d- Schematic

File Edit View Select hlight List Hierarchy Design Attributes Schematic Timing Test Power Window Help

Design Vision - TopLevel.1 (router_LAXYZ)

: Logical Hierarchy Cells (Hierarchical)
- [E}===> router_LAXYZ

+-GHI[OLip (Grillo]ip input_port W...
+-[GHill1lip Ghllllip input_port_N..
£ Erll2lip Grill2]ip input_port_N...
+ [GHI[3Lip HIL31i input_port_N..
+ [Grill4lip HIl4Li input_port_N...
+ G5 1ip HI[51i input_port_N...
+ [EHI[ELip HIlB 1 input_port_N...
+-[EFsw_allc ysw_allc sw_allo 0
i--@-::bar

ilolip
iL1ip

ialip
ifs1ip
i6lip

The design schematic can be seen by clicking on this icon g at the top of the window

||| router_Laxyz -

» Schematic.l

ugs]ip

[IESAT]

ngzLip

ngalip

[ESAT

ngalin

1SS AT




Step 3: Elaboration
e- Checkpoint

Save Design As

Look in: |a fMhomefzxp035/30 ONoC/Synthesis/checkpoints/ vlﬂ = £ |58 =

Q. |

File name: Ielaburatiun.ddc I Save

File type: | Database Files ( *.ddc *.ddc.gz *.db * db.gz *.gdb *sdb * pdb *eqgn *.fnj Cancel

Format: [DDC (ddc) ~|  synopsys'

¥ Save all designs in hierarchy

Click File-> Save As

Go to ./checkpoints

In File name, type elaboration.ddc
Make sure the Format is DDC (ddc)
Click Save

akrownNE




“# Step 4: Constraints setting
a- Clock

1. Set clock name : clk

2. Set Period: 10.0
3. Set Rising: 0.00
4. Set Falling: 5.00
5. Check Don’t touch network

Click OK

M @ specify Clock

Clock name: I clk l

Port name: I

[T Bemove clock

Clock creation

Period: | 100 2

Edge Value Add edge pair
Rising 0.00

IR 5oq fermeve sdoe par

Invert wave form

T0.00 5.00 10.
M Don't touch network ) ™ Fix hold
OK Cancel | Apply |
—
A

Click Attributes -> Specify Clock

38



¢ Step 4: Constraints setting
b- Wire load

Current design: | router LAXYZ

Wire load model: | 5K hvratio 1 1 ( NangateOpencCellLibrary )

5h_h~.-r=|’r|:|_l_l ................. [ NangateOpenceliLibrary ) =

5K_hvratio 1 2 ( NangateOpenCellLibrary )

5K_hvratio 1 4 ( NangateOpenCellLibrary )

3K _hwratio 1 1 ( MNangateOpenCellLibrary )

3K _hvratio 1 2 ( NangateOpenCellLibrary )} -
OK Cancel | Apply |

&

- Click Attributes -> Operating Environment-> Wire Load...
- Select 5K_hvratio_1 1 and then click OK



Step 5: Compilation

2. Check Incremental mapping

—Mapping options —Compile options
Click OK ¥ Map design [T Top leve| W Incremental mapping
IC
¥ Exact map ™ Ungroup ™ Allow boundary conditic
Map effort: |high j [T Scan ™ Auto ungroup
Area eﬁnrt:lmedium vl * Ares
: [T Gate Clo
Power eﬁort:lmedmm j i~ Delay

—Design rule options

¢ Fix design rules and optimize mapping
" Optimize mapping only
" Fix design rules only

" Fix hold time only

ok I ...... z ancel Apply

- Click Design-> Compile Design 10



Step 6: Report
a- Area

. Report Area

—Report for

Current design: |router LAXYZ

Current instance:

—-Report options

¥ No line split

- QOutput options

¥ To report viewer

™ Tofile: |Reporttxt Browse... |

¥ Append to file

Cancel | Apply |

Click on Design-> Report Area then OK.

41



Step 6: Report
a- Area

P Reportl - Area

x|=|| |

AN EAREANNNNNNARAANNNNRNAENNNNANNARNNNNNRNN
Report : area

Design : router_ LAXYZE

Version: B-2008.09

Date : Mon Jun 2 00:23:31 2014
ek ko ek ke ok ke ke ke

Library (=) Used:

NangateOpenCellLibrary (File: /home/zxp035/1ib/typical.db)

Iumber of ports: 501

INumber of nets: 865

HNumber of cells: 23

HNumber of references: 10

Combinational area: 5522.692051

Noncombinational area: 4926 .851833

et Interconnect area: undefined (Wire load has zero net area)
Total cell area: 10449 .543884

Total area: undefined

In this library the wire load models do not include area information (Wire load has zero
net area) so the Net Interconnect area (and therefore Total area) is left undefined.
The area is measured in micrometer (um)

42



Step 6: Report
b- Power

o Report Power

—Report for

ISummary only j

= All nets/cells [gl
¢ Only nets/cells: I @l gelectionl

—Report options

I~ Show nets histogram I~ Use hierarchical formatlz]

Exclude values == I Hierarchy levels: I

Exclude values == I

Worst number: I

Analysis effort: |Iow j Sort mode: | J
[~ Mo line split [T Verbose
[T Exclude power of boundary nets I~ Report cumulative powerlk]

I~ Traverse hierarchy at all levels

—Output options

¥ To report viewer

I Tofile: |Reportixt Browse... |

¥ Append to file

Cancel | Apply |

Click on Design-> Report Power then OK.



Step 6: Report
b- Power

¥ Report3 - Power

x|l=2l\ |

Fepor L T powel ;I
-analysis effort low

De=sign : router_LAXYE

Version: B-2008.09

Date : Mon Jun 2 00:32:39 2014

REAR AR AARA AR RN RN AN AN RN AR h b hhh ok

Library (s) Used:

langateOpenCelllLibrary (File: /home/zxp035/1ib/typical.db)

Operating Conditions: tvpical Library: NangateOpenCelllibrary
Wire Load Model Mode: top

Design Wire Load Model Library

router_LAXYZ SK_hvratio_1_1 NangateOpenCelllLibrary

Global Operating Voltage = 1.1

Power-specific unit information :
Voltage Units = 1V
Capacitance Units = 1.000000£f

Time Units = Ilns
Dynamic Power Units = luW (derived from V,C,T units)
Leakage Power Units = 1nw

Cell Internal Power T04.9396 uwW (84%)

et Switching Power 136.0538 uW (16%)
Total Dynamic Power = 840.9933 uW (100%)
Cell Leakage Power = 201.2622 uW f

=
The report shown above should appear giving information about Cell Internal
Power, Net Switching Power, Total Dynamic Power, and the Cell Leakage
Power, in addition to their percentage from the total power consumption.




Step 7: Output files
a- Verilog file

(. Save Design As
Look in: |_qIthEIZKpD35!3D_ONDC.."SyﬂthESiSIDUtput_filESI I j = £ | 8 =

Qo

)

File pame: | router LAXYZ vnet Save I

File type: I Catabase Files { *ddc *.ddc.gz * db *db.gz * gdb *sdb * pdb *eqgn *.fnj Cancel |

Format:  [VERILOG (v) ~|  synopsys

¥ Save all designs in hierarchy

Y
Click File-> Save As
Go to .Joutput_files
In File name, type router_LAXYZ.vnet
Change the Format to Verilog (V)
Click Save

akrownNE

After finishing the compilation, we should generate the necessary files for the next 45
Place&Route step



Step 7: Output files
b- sdc file

Warning: Design 'router LAXYZE' contains 1 high-fanout net=z. 4 fanout number of 1000 will be used for delay calculationsz inveolving these net=. (TIN-134)
Met 'sw_allc/ol[2].spg/clk': 1071 loadis), 1 driver(s)

Writing verilog file ' /home/zxp035/Desktop/30-oC/LAXYZ / output_files/router LAIYZ.wnet'.

Warning: Verilog 'assign' or 'tran' statements are written out. (VO-4)

Writing dde file './DBE/router LAXYZ.ddc'.

design vision>

Current design is 'router LAXYZ'.

Log | Historyl

design_vision> Ilwrite_sdc JJjoutput_files/router LAXYE.=dc

In the dc_shell window type the following command to save the .sdc file
write_sdc ./output_files/router LAXYZ.sdc

46



Step 7: Output files
e- checkpoint

g Save Design As

Look in: |23 /home/zxp035/3D_0OMoC/Synthesis/checkpoints/ | <= £ |88 =
-
File name: |router LAXYZ ddc Save

File type: | Database Files ( *.ddc *.ddc.gz *.db *.db.gz *gdb *sdb *pdb *eqgn *.fnj Cancel

Format: [DDC (ddc) ~|  synopsys'

¥ Save all designs in hierarchy

Click File-> Save As

Go to ./checkpoints

In File name, type router LAXYZ.ddc
Make sure the Format is DDC (ddc)
Click Save

akrownNE

Final checkpoint save
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Scripts

The 7 steps previously presented can be made via
commands inserted in the dc_shell.

The commands required for the synthesis are
grouped in a single .tc/ file.

The .tcl file is named “syn LAXYZ.tcl”

It is located in:
“/home/zxp035/3D ONoC/Synthesis/script
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Script

Execute Script File

Look in: IE fhome/zxp035/Desktop/3D-NoC/LAXYZ /scripts/ | = % |55 52
3 ..

File name: | syn_ LAXYZ tcl | QOpen

File type: | Script Files { *.script *.scr *.dcs * dcv *.dc *.dcfpga *.con *tcl *icl) j Cancel

[T Echo commands

[T Verbose

To run the TCL script, click File> Execute script 49
Go to ./scripts, select syn LAXYZ.tcl and click Open



Script:
syn LAFT.tcl (1/3)

#### Define the variable which we will use ####
set base_name "router LAXYZ"

set clock_name "clk"

set clock_period 10.0

H#### Step 1: Set the libraries: ####

set target_library "~/lib/typical.db"

set synthetic_library "~/lib/dw foundation.sldb”

set link_library [concat "*" Starget_library Ssynthetic_library]

set symbol_library ""~/lib/generic.sdb”

define_design_lib WORK -path ./WORK # redirect the log files to a new folder “WORK”

HH### Step 2: Analysis ####

analyze -format verilog {./verilog_src/crossbar.v ./verilog_src/defines.v ./verilog_src/fifo.v
.Jverilog_src/input_port.v ./verilog_src/matrix_arb_formultistage.v ./verilog_src/mux_out.v
.Jverilog_src/request_cntrl.v ./verilog_src/route.v ./verilog_src/router LAXYZ.v
.Jverilog_src/stop_go.v ./verilog_src/sw_alloc.v}
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Script:
syn LAFT.tcl (2/3)

.

# Analysis checkpoint
write_file -format ddc -hierarchy -output ./checkpoints/analysis.ddc

H#i## Step 3: Elaboration####

elaborate Sbase name

# Elaboration checkpoint

write_file -format ddc -hierarchy -output ./checkpoints/elaboration.ddc

#i## Step 4: ConstraintsH###

# Clock

create_clock -name Sclock name -period Sclock_period [find port Sclock name]
set_clock uncertainty 0.02 [get_clocks Sclock name]

# Delay

set_input_delay 0.1 -clock clk [remove_from_collection [all_inputs] {clk reset}]
set_output_delay 0.1 -clock clk [all_outputs]

# Wire load

set_wire_load_model -name 5K_hvratio_1 1 -library NangateOpenCellLibrary
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Script:
syn LAFT.tcl (3/3)

H#i#H# Step 5: Compilation####
compile -map_effort high
compile -incremental_mapping -map_effort high

HH### Step 6: ReportHHt#

# Summary report to be saved under the “reports” folder
report_qor > ./reports/Summary_report_S{base name}.txt

# Hierarchical area report to be saved under the “reports” folder
report_area -hierarchy > ./reports/report_area_S{base_name}.txt

HH### Step 7: Output files ####

# verilog file

write -format verilog -hierarchy -output ./output_files/S{base_name}.vnet
# sdc file

write_sdc ./output_files/S{base_name}.sdc

# Final checkpoint

write_file -format ddc -hierarchy -output ./DB/S{base_name}.ddc
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<== Back to Contents

2. Place & Route
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Requirements

After we finished the synthesis phase, we
proceed to perform the Place and Route of 3D-
ONoC router with Cadence SoC Encounter.

For this phase, we need the .vnet and .sdc files
obtained from the synthesise phase and which
are located in:

~/3D-ONoC/Synthesis/output_files

We also need the .lib and .lef library files which
are located in: ~/lib
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Place and Route
directory structure

Path: ~/3D-NoC

A 4

Synthesis

\ 4

P&R

A 4

Readme.txt

A A

checkpoints

Contains the
checkpoints

saved all along

P&R tutorial

A A

input_files

Contains the
files necessary
files for the
Place and
Route phase
(.V and .sdc)

A A

script

Contains the
par_LAXYZ.tcl
shell script file

A 4

reports

Contains the
reports
generated
from the post
P&R
compilation
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Place and Route
directory structure

ZXxp035@zxp035:~/3D_ONoC

File Edit Wiew Terminal Tabs Help

[zxp035@zxpl35 ~]% cd 3D ONoC/
[zxp035@zxpB35 3D ONoC]s tree PMV&R/S
P&R S
| -- checkpoints
|-- input_files
|-- reports
"-- scripts
- par_LAFT.tcl

4 directories, 1 Tile
[zxpB35@zxpB35 3D ONoC]s

You can check the complete Synthesis directory and file structure by typing: .,
tree Synthesis under the “3D_ONoC” directory



Environment

ZXp035@zxp035:~

File Edit View Terminal Taks Help

[zxpB35@zxpA35 ~]% tcsh
/home/zxpB35% cd 3D _ONoC/
fhome/zxpB@35/30_0NoC% cd P\&R/
fhome/zxpB35/30_0NoC/P&R%

Make sure that you are working under cshr environment. Otherwise type tcsh.
Go to /home/zxp035/3D-ONoC/P&R where the P&R folder is located
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Environment

Zxp035@zxp035:~

File Edit View Terminal Taks Help

[zxpB35@zxpA35 ~]% tcsh
fhome/zxp@35% cd 3D_ONoC/
fhome/zxpB35/30_0Nol% cd P\&R/
/home/zxpB35/30_0ONoC/P&R%: cp .
/home/zZxpB35/30_0NoC/P&R% cp .

Jhome/ZxpB35/3D0_0NoC/P&R%:

./Synthesis/output files/router LAXYZ.wnet ./input files/
/fSynthesis/output_files/router LAXYZ.sdc ./input_Tfiles/

First, we need t copy the router LAXYZ.vnet and router LAXYZ.sdc files generated
from the synthesis phase which will be used as input for the P&R phase. Type:
% cp ../Synthesis/ouput_files/router LAXYZ.vnet ./input_files
% cp ../Synthesis/ouput files/router LAXYZ.sdc ./input files
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Environment

[=

File Edit View Terminal Tabs Help

[zxpB35@zxpA35 ~]% tcsh
Jhome/zxpB35% cd 3D_ONoC/
Shome/zxp@35/3D0_0NoC% cd P\&R/

ZXp035@zxp035:~

Shome/zxp@35/3D0_O0NoC/P&R% cp ../5ynthesis/output files/router LAXYZ.vnet ./input_files/
fhome/zxp@35/3D0_0NoC/P&R%: cp ../Synthesis/output files/router LAXYZ.sdc ./input_files/
Jhome/zxpB35/30 0ONoC/P&R% velccityl

o x

Type velocity to start SoC Encounter
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S0oC Encounter:
P&R steps

Encounter(R) RTL-to-GDSII System /home fzxp035/3D_ONoC /P&

File Edit View Partiion Floorplan Power Place Optimize Clock Boute Timing Yerify Options Tools Flows Help (éﬂen(e

= EORTY: |- | & \

% B W 1By . = By ERA
Layer Control
_All Calars

Physical Layers n
[Physical Layers

<
<

[nstance

5td. Cell
[Physical Cell
Cover Cell
Block

el
Routing Blkg
Obstruct
Cell Blockage D_ J
[nstance Fin D_
Cell Layout D_
Standard Row D!
Mistal Fill O«
[violation
et
Special Met
[Buis Guide

L L O L L LS

H

L

O
KKK

<

[Wire,\ia Layers

<
<

Mi=tal O
Via 01
Mi=tal 1
[Wia 12
Mletal 2
[ia 23
Mi=tal 2
[Via 34

ACNEZAE

L O LT TN LS
KKK KKKk I

Waorld View

t
LX)

Click to gelect gingle object, Shift+Click to de/select multiple objects, Q l SelMum:0  [(0.130,0.036) |NDt in Memory

Welcome screen



Step 1: Import Design

Design Import

Basic  Adwanced

Netlist:
2 erilog

Files: I_l

Top Cell: o Auto Assign @ By User:
- OA
Library:
Cell:
Wiew

Technology/Fhysical Libraries

LEF Files:

A Reference Libraries:

N

04 Abstract View Names:

QA Layout View INames:

Floorplan

1D Assignment File:

[

Analysis Configuration

WIVILIC View Definition File: &= |

Create Analysis Configuration ..

(24 Save... Load... Caneel Help ‘
e

Click on File->Import Design
Click Files to import the netlist



Step 1: Import Design
a- Netlist (.vnet)

1 R ———
Netlist File: Add m

Netlist Files:

st File: i i Netlist Selecton
Metlist File:  input_files router_LANTZwnet Add o

Netlist Files: 2 Ié /home /035,30 ONoC/P&R Anput_fles i L=

input_files/router _LAXYZvmet | router LAXYZ sde 3

Filters: Metlist Files [**) n

Delete
———

Delate
— =14

Cloze
S —

Click on >> to expand

Go to ./input_files folder

Double click on router LAXYZ.vnet
Click Close

WO E
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Step 1: Import Design
b- Top module

G Design Import

Basic = Advanced

Netlist:
2 Yerilog

Files: input_files/router LAXYZvmet

Top Cell: o Auto Assign & By User: | router_LAXYZ 1
— 08
Library:
Cell:
Wiew

Technology/FPhysical Libraries:

LEF Files: I 2

CA Reference Libraries:

0A Abstract View Names:!

OA Layout View Names:

Floorplan
I Assignmment File: = |

Analysis Configuraton

MMIVIC View Definition File: = |

Create Analysis Configuration ...

R
5
5
E

Caneel Help

= o L ™ o

1. In Top Cell: type router LAXYZ
2. Click on LEF files




Step 1: Import Design
c- LEF file

g2 LEF Files

- LEF Files

LEF File:

LEF Files:

N

LEF File: Mangat=OpencellLibrary.lef == LEF Selection:

LEF Files:

Close
S —

B

typicaldb
typical lib

2 I /homezxp035,Tib

&5 Back_End
Fromt_End
Low_Power
7 virtuosa
cellslef
cellsy
dw_foundation. sldb
fast.db
fast.lib
gemetic sdb
[ iopadlef

W AlibNan gate Open CellLibrary.lef

slow i

Filters: LEF Files [ *.lef)
Delete n

= 4

Delate
N——

Click on >> to expand

Go to ~/lib folder

Double click on NangateOpenCellLibrary.lef
Click Close

e
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Step 1: Import Design
d- Advanced settings

F

- Design Import

1

Basic | Adwanced

Metlist:

2 erilog

o~

Basic

Timing

Files: input_files/router |

Power

Top Cell: o Auto Assign 1Tzer:
- OA

Library:

router_LAXYZ

Tield

Cell:

L=t

Technology/FPhysical Libraries:

LEF Files: ../../lib/NangateOpenCellLibrary.lef

OA Reference Libraries:

OA Abstract View Names:

QA Layout Viev Mames:

Floorplan

I Assignment File:

Analysis Configuraton

MIVIMC View Definition File:

Create Analysis Configuration ...

o
=1

o

1. Click on Advanced
2.

Canecel

Advanced

- Design Import

CT5 Cell List: | CLKEUF_X1 CLKBUF_X2 CLKBU'F_X3|

Help

Cancel

In IPO/CTS type CLKBUF_X1 CLKBUF_X2 CLKBUF_X3
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Step 1: Import Design

d- Advanced settings

Design Import

2 | [ | 2aaea
;[]‘_i;nlling PPPPPPPP i 1
1. In Power type: 5T =

a. VDD in Power nets
b. VSS in Ground Nets
2. Click back on Basic
(DO NOT click on OK)

66



Step 1: Import Design
e- Analysis Configuration

Y

- Design Import

Basic | Adwanced

Netlist:
2 erilog

Files: input_files/router LANYZ vmet

Top Cell: o Auto Assign ® By User:  vouter LAXYZ
- OA
Library:
Cell:
iew

Technology/FPhysical Libraries:

LEF Files: ../../lib/NangateOpenCellLibrary.lef

OA Reference Libraries: |

OA Abstract View Names:

QA Layout Viev Mames:

Floorplan

I Assignment File: = |

Analysis Configuraton

MIVIMC View Definition File: = |

Create Analysis Configuration ...

OK Save,. Load... Cancel Help

Click on Create Analysis Configuration
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Step 1: Import Design
e- Analysis Configuration

MMMC Browser

Wizard Help

Analysis View List
" Analysis Views

G- Serup Analysis Views
B Hiold Analysis Views

MLILIC Objects
=8 Library Sets
R O TIET §

This wizard will assist you in

Timing Library File

. Lgokin:/thomefmcme,fhb I 4 n (&) | == =
¢ OTpUL., Back_End
2y mpias Front_End

IName:| default 2 LF!W_PDWEI’
WIrtLo 8o
Timing Library Files SI Library Files i ‘:;:J‘:b 4

- Delay Cormers
B Constraint Modes

K rpical lib
o ol typical lib /
Lelete Lelete
—— ——
File name: typical.lib
5 Files of gype: Timing Files A1f (*]ib)
OK . APl . Close Help

Double click on Library Sets in the MMMC Browser window

On the add Library Set window, type default in Name

Click on Add.

In the Timing Library Window, go to ~/lib and select typical.lib

Click Open (Timing Library Window) and then OK (Library Set Window)
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Step 1: Import Design
e- Analysis Configuration

@™ @ AddDelay Corner

Mame: I default I

Power Dornain List

4

Telere
i

_Apply

Type
— Omn Chip Variation
Arributes

RC Cormer:

Library Set§default

OpCond Lib:

OpCond:

ItDrop File:
Early
Library Set: L
OpCond Lib:
OpCond:
IrCvop File:
Late
Library Set: L
OpCond Lib:
OpCond:

IrCrop File:

Close
- v

[H- Hold Analysis Views

“RG Corners

Double click on Delay Corners in the MMMC browser window
On the Add Delay Corner window, type default in Name
Change the Library Set to default.

Analysis View List MVLC Objects Wizard Help
B Analysis Views - Library Sets
- Setup Analysis Views - default

This wizard will assist you in specifying
the necessary information to configure
the systern for RC extraction, delay
calculation, and timing analysis.

It you have all the necessary data
available, it is recommended that you
configure the systern as completely as
possible for all steps of the
implementation flow - through signoff,
If mot, you can always update the
comfiguration, if necessary, as you
proceed through the flow,

If you are comfortable using the
LIVIMIC Brovvser, you can use the
Wizard Off button to remove the help
dialag, and proceed at your own pace.

For additional assistance with design
impott, press the Next button

Brew Text
L e - >
Lelete Reset Wizard Off Close Help
S N N\ _ - ' A _
|

HIWN P

Click OK
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Step 1: Import Design
e- Analysis Configuration

MMMC Objects

-- Analysis Views
B Setup Analysis Views
Hold Analysis Wiews

SDC Constraint File

Dno:ner:
s Lok in: /home/2p 035,30 OMoC PR Anput files n &) = B =
- il B router LAXYE sde
=pl3s
Mame: | default 2
SDC Constraint Files ILM Constrail iles

input_files fouter LAXYE, /
3 | Add. d
- —
Lelets
——
G
Apply Close |
File name: router LAXYZ, sde

Files of type: |SDC Files [*.adc®)

Double click on Constraint Modes in the MMMC browser window
On the Add Constraint Mode window, type default in Name
Click on Add.

In the SDC Constraint File window, go to ./input_files and select router_LAXYZ_sdc
Click Open (SDC Constraint File window) and then OK (Add Constraint Mode window)



Step 1: Import Design
e- Analysis Configuration

Analysis Wew List LIVIMC Ohjects Wizard Help

l Analysis View E| Library Sets
Setup Anglysis Wews i Edefault

B+ Hiold Analigis Views - RC Cormers

This wizard will assist you in specifying
the mecessary information to configure

G- O Conds the systemn for RC extraction, delay

El- Delay Corners calculation, and timing analysis,

{ Bb-default

B Constraint Modes It you have all the necessary data
B default

available, itis recommended that you
configure the systern as completely as
possible for all steps of the
implemnentation flow - through signoff,
If mot, you can always update the
configuration, if necessary, as you
proceed through the flow,

Add Analysis View

Mame:§ default
Constraint Mode: default

Celay Cornet! defanlt n

2 If you are comfortable using the
MIVILIC Browset, youl can use the

Wizard Off button to remowve the help

diglog, and proceed at your own pace,

pr—
OK Apply Close Help
3 For additional assistance with design
import, press the Next button
Erex; Next
— —
Sawve&Close... Load... Lelere Reset Breferences... Wizard Off Cloge Help ‘

1. Double click on Analysis Views in the MMMC browser window
2. On the Add Analysis View window, type default in Name

3. Click OK

71



Step 1: Import Design
e- Analysis Configuration

Amnalysis View List LMIVILIC Ohjects Wizard Help

Analysis Views E| Library Sets
- J=fa . E-default
Setup Analysis Wiews E- RC Carners

This wizard will assist you in specifying
the necessary information to configure

- Hold Analsis Wews G- OF Conds the systemn for RC extraction, delay
- Delay Corners caleulation, and timing analysis.
¢ B default
B Constraint Modes It you have all the necessary data
B default

available, it is recommended that you
comfigure the system as completely as
possible for all steps of the
implementation flaw - through signoff,
If mot, you can always update the
oomfiguration, if necessary, as you
proeeed through the flow,

Add Setup Analysis View

If you are comfortable using the

MIIMC Broveset, ¥ou can use the

2 Wizard Off button to remove the help
dialog, and proceed at your own pace,

Analysis '\-‘iewId.efault

Apply Close

3

For additional assistance with design
import, press the Next button

Brey; Next
e —
Save&Close. ., Load... EelemE Reset Freferences... Wizard Off Cloze Help ‘

=

Double click on Setup Analysis Views in the MMMC browser window
2. In the Add Setup Analysis View window, make sure that Analysis View is set to

default
3. Click OK
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Step 1: Import Design

e- Analysis Configuration

[(38 Hold Analysis Views

Bl Delay Corners

Analysis View List MLLIC Ohjects Wizard Help
Bl Analysis Views Bl Library Sets
| [-default ) ¢ E-default This wizard will assist you in specifying
Bl Setup Analysis Views - RC Cormers the necessary information to configure
| [ default b OF Cands

the systemn for RC extraction, delay
calculation, and tming analysis,

| Bl-default
B- Comstraint Modes
[ default

It you have all the necessary data
available, it is recommended that you
comfigure the systern as completely as
possible for all steps of the
implementation flow - through signoff.
If not, you can always update the

2 comfiguration, if necessary, as you
proceed through the flow,

Amalysis '\.ﬁewl default

If you are comfortable using the
MMLIC Broveser, you can use the
Wizard Off button to remove the help
dialog, and proceed at your own pace,

For additional assistance with design
import, press the Next button

EBrey; Next
——— e
Save&Close.., Load... EelemE Reset Freferences.., Wizard Off Cloze Help

=

Double click on Hold Analysis Views in the MMMC browser window
2. In the Add Hold Analysis View Window, make sure that Analysis View is set to

default
3. Click OK
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Step 1: Import Design
e- Analysis Configuration

Analysis WView List MMM Objects Wizard Help
Bl Analysis Views Bl Library Sets
| Bbdefault ) | Bl-default This wizard will assist you in specifying
E‘ erup Analysis Views - RC Corners the necessary information 1o configure
i b-default . B OF Comds the system for RC extraction, delay
(SR Hold Analysis Views E| Celay Corners caleulation, and timing analysis.
Bt default ¢ E-default

Save MMMC View Definition File

Look in: [E3 shome /zp035,/3D ONoC/PRRAnput _files Q = B =
Zxp L put_|

™. Comput..
2 nposs

3 4
File mame: Defaultview EI

Files of type: MLILIC Wew Definition File (*view*) n Cancel
1 y
Load.. Lelete Reset Ereferences.. Wizard Off Cloze Help

Click on Save&Close... in the MMMC browser window
Go to ./input_files

Type Default.view in File name
Click Save

B W e



Step 1: Import Design
f- Result

File Edit View Partiion Floorplan Power Place oOptimize Clock Route Timing Werify Options Tools Flows Help
= d 10 MERIQR ARAE QO LT Ié4& s E&KIFD @ &
[k % 88k B hel @B LRl ==qk

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

In the welcome screen, we can see the modules of 3D-ONoC router before placement:
7 input_ports: (ip[0~6]), Switch_allocator (sw_allc), and Crossbar (cbar)




Step 1: Import Design

g- Checkpoint

akowbPE

__ Hierarchical DB

Data Type: & Encounter 0T 1
File Mame: checkpoints/importend =
Look in: 2 ;’hnmefzxpD35!3D_ONDCKP&RKcheckaints FIG L =~ 3]
.| Comput...
Apply Caneel Help | @ oposs

Click in File name

Go to ./checkpoints

Type import.enc in File name

Click Save

Click OK 4
File mame: | importent 3 Save
Files of type: Al Biles (*) n ﬂ,ﬁ

We should save the progress at each step. 6

Click File-> Save Design



W=

Step 2:

Floorplan

Check Die Size by:
Enter 300 for both Width and Height
Enter 15 for
 Core to Left
« Core to Right
« Coreto Top
« Core to Bottom
Click OK

(L Specify Floorplan

Basic Advanced

Design Dirmensions

Specify By: ® Size _ Die/I0/Core Coordinates

« Core Size by Aspect Ratio: Ratio [H W) 525343439

Core TTtligation; 0699994

Zell Ublization: 0.699994

Cimension: Width: 105.55
1 Height: 1036
® [Die Siz= by width:, 2o
2 Height: 300
Core Margins by: ® Core to 10 Boundary
— Core to Die Boundary
3 Cove to Laft 15 Core to Top: 15
Core to Right: 15 Core to Bottom: 15

Cie Size Calculation Use: . Wax IO Height ® Iin [0 Height

Floorplan Origin at: 2 Lower Left Cormer o Center
Unit: Microm

Apply Cancel Help
In this step we specify the floorplan .

Click Floorplan-> Specify Floorplan



Step 2: Floorplan

View Partiion Floorplan Fower Place Optimize Clock Route Timing Verify Options Tools Flows Help
| QORI L Al Qo & |adbBiIF0NDe S
AR E L L R R

1. In the main window, the boundaries of the chip appear.
2. Save your design under floorplan.enc in ./checkpoints directory



Step 3: Power RINng

Basic  Advanced | WAa Generation

1

MNet(s): I‘.-'DDVSS I |

Ring Type

& Core ving(s) contouring

Input VDD VSS in Nets(s): T S e
Change the layer to: < ok gl wound

Each black

« metal 10 V for Top and Bottom Fachrest

Selected power domainfences reefs

® metal 9 H for Left and Right Earh selected block and/or group of core rows

Clusters of selected blacks and/or groups of core rows

Change the Width to 4 16 St
Change the SpaC|ng to 2 _ User defined coordinates: ——

® Core ring Block ring

Check Center in channel T ———
CIICk OK Tom: Bottom: Left: Right:

Layer: metall0V b metall0 P metal? H P metal? H P 2

N =

o 01 hA W

w

Width: 4 4 4 4

D

Spacing: 2 2 2 2 Update

Offset: & Center in chanmel 5o specify

0.095 0.095 0.095 0.095

Option Set

— Use option set Ipcate Basic,

Click on Power-> Power Planning->Add Ring

Yariahles APplY Lefaults Caneel 711912]]:1 |I



Step 3: Power RINng

t Place Optmize Clock Route Timing Werify Options Tools Flows Help

QLA &P I&abE&IFPL @ %
N A e 1~

In the main window, the power ring appears



=

Input VDD VSS in Nets(s):
Change Layer to metal 8
Set:

« Widthto 4

« Spacingto 2
Change Set-to-set- distance to 50
Change the Relative from core or
selected area: X from Left to 35
6. Click OK

W N

ok

Step 4: Power Stripe

Bagic  Adwanmced | Via Gemeration

Set Configuradon

Met(s): YOO VS5 1 _I
Lyer: | (mewisy, 2
Direction:§ #& Vertical . Horizontal

width: | 4 3

Sparing: 2 Update

Set PAtterT

I ® Set-to-set distance: 50 i 4

— MNumber of sets: 1

— Bumps ® Over Between

o OverF/Gpins  PFinlayer: |\ Jeppinlayern Max pin width; | 0

® Master name: Selected blocks All blocks

Stripe Boundary

& Corering

— Padring Inmer ® Cuter
— Degign boundary ¥ Create ping
— Each selected block/domain/fence

— Alldomains

— Specify rectangular area

— Specify rectilinear area

First/Last Stipe

T from: & |-f+ rizht
2 ERelative from core ot selected a‘reaé
X fromleft: 35 Xfrgmrightt 0

— Absolute locations

Opton Set

— Tlse option set: IIpdate Basie,

Click on Power-> Power Planning->Add Stripe ... |

1=

ariahles Apply Defanlts Cancel




Step 4: Power Stripe

v Place Optimize Clock Route Timing Yerify Options Tools Flows Help

Qeuadee & &M@ IFD S
N N Ny R 5 VP .

>t multiple objects.

In the main window, the power stripes appears



Step 5: Power Routing

Basic Advaneed Wia Gemeration

MNetls): I VDD WSS I _I

SRoute

& Block Pins @ PadPing ¥ PadRings # Follow Pins Secomdary Power Pins

Routing Control

Layer Change Control

Top Layer: | metallo b Bottomn Layer: | metall b
M Allow Jozging & Allow Layer Change
_ Area Powetr Domain Selection
X1 vi:[ Dy, & Al
X T2 . ViR ATER —  Selected -
—— — MNamed:

Comnect to Tar get Inside The Area Cmly
— Delete Existing Routes
— Generate Progress Messages
_ Extra Config File: _I Extra Config Editing

Click on Route> Special Route Torget Ebeng Opriams
Input VDD VSS in Nets(s):
Click OK

Apply Lefaults Caneel Help
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In the main window, the power routing appears
2. Save your design under power.enc in ./checkpoints directory

1.




Step 6: Placement

2 Run Full Placement . Run Incremental Placement . Run Flacement In Floorplan Mode

COptmizaton Optons
¥ Include Pre-Flace Optimization

— Include In-Place Optimization

Mumber of Local CEU(s]: 1 Set Multiple CPI,,

APply Iode Defaults Cancel Help

Now we place the 3D_ONoC modules on the die:
Click Place-> Place Standard Cell.

Click OK
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Step 6: Placement

i f:) E[l:

Layer Contro g x

All Colars

Physical Layer s '
[Physical Layers

nstance
5td. Cell
[Physical Cell
Cower Cell
Block
17de)
[Routing Blkg
(Chstruct EE!
Cell Blockage D_
nstance Pin D_
Cell Layout D_
Srandard Row |:|1
Ibietal 7l O«
olation L4

KkikKiKKIK|
KKKERR|K

I

LYY

O

et
Spenial MNet
Bus Guide

re/Via Layers
active (M0)

anl
metal 1(M1)
hial(V12)
metal 2(M2)
hia2(V23)
imetal 33
hia3(V3d]
metald (B4 )
peias(V45)
Imetal 5[5
wiaS(VE6]
metal 616
iab(V67)
imetal 7(M7)
ia7(w7aE)
metal 3(ME)
WEENER]
metal 9(MIF)
hvia?(ve10)

oA

FAEE PR

PAEE]

TR R KRR KRR KK

RO L L L L T O O L L L )

th
x

World View

Es.amum:n [402.739, 313.575) |Rm_med

In the main window, click on [§4| to view the placed modules
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Step 7: Clock Tree
a- Synthesize

Basic Advanced

Specify Buffer/Inverter

Cells List Selected Cells

BUF_X1
BUF X16
BUF X2
\ BUF X32
BUF %4
BUF_X8
CLKBUF X1
CLKBIF_X2

Clock Specification Files:  Clack.ctsteh

Results Directory: clock_report

output Specification File: Clock ctsteh = |

Apply Mode Load Spec Clear Spec Cancel Help Apply Clear Spec Close Help

Click on Gen Spec

Select CLKBUF_ X1 CLKBUF_X2 CLKBUF_X3
Click OK (Generate clock spec window)

Click OK (Synthesize Clock Tree)

e

Click on Clock-> Synthesize Clock Tree 88



Step 7: Clock Tree
b- Display

< X Display Clock Tree

Clock Selection

2 Al Clock(s)
w Selected Clock

Route Selecton

« Pre-Route

I 2 Clock Route Omly I

w PoOSt-CTS

« Post-Route

Display Selecton

L EDisp]a}f Clock 'I‘rEEE

1. Check Clock Route Only T Al Level

2. Check Display Clock Tree

3. Click OK

1

« Display Clock Phase Delay
« Display Min/Max Paths

Apply

Cancel

 Bottom Level (non-gated clock tree only)

— Selected Level (mon-gated clock tree only)

Click on Clock ->Display -> Display Clock Tree

89



Clock Tree

N<
Q.
)
e
)

90

In the main window, the clock tree appears
2. Save your design under clock _syn.enc in ./checkpoints directory

1.



Step 8: Nano Route
a- Setting

Routing Phase

¥ Global Route

* Detzil Route  StartIteration g End Iteration defale
Post Route Optimization _ Optimize Wia — Optimize Wire

Concwrrent Routing Features

# Fix Antenna — Inzert Diodes Diode Cell Mame

Congestion  Timing

Effort =) i SMART.

(&}

— 51 Dwiven

Past Route 51 51 Victim File _|
— Litho Driven
— Post Route Litho Repair
Routing Comntrol

— Selected Nets Omily Bottom Layer default Top Layer default
— ECO Route

__ Area Route Area | SelectArea and Baute

Job Congol

M Auto Stop

MNumber of Local CEU(E): 1

Mumber of CUP[g) per Remote Machine: 1

Mumber of Remote Machine(s): 0

Set Multiple CPL..

OK Apply Attribute Mode Save Load Cancel Help

Click on Route-> NanoRoute-> Route
Check Time Driven and then click OK
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Step 8: Nano Route
b- Report

@ - 0 zxp035@zxp035:~/3D_ONoC/P&R

# 24212
#

#Max overcon = 6 tracks.
#Total overcon = 0.26%.
#Worst layer Gecell overcon rate = 0.00%.

#Cpu time = 00:00:02

#Elapsed time = 00:00:02

#Increased memory = 4.00 (Mb)

#Total memory = 299.08 (Mb)

#Peak memory = 330.00 (Mb)

#

#Start Detall Routing.

#start initial detail routing ...

# number of violations = 1

#cpu time = 00:00:08, elapsed time = 00:00:08, memory
#start 1st optimization iteration ...

# number of violations = @

#cpu time = 00:00:00, elapsed time
#Complete Detall Routlng

305.00 (Mb)

305.00 (Mb)

00:00:00, memory

ying extra spacing = 73

1ength = 61?99 um.
#Total half perimeter of net bounding box = 51563] um.
#Total wire length on LAYER metall = 7055 um.
%#Total wire length on LAYER metal2 = 25250 um.
iTotal wire length on LAYER metal3 = 20096 um.
#Total wire length on LAYER metald = 7654 um.
%#Total wire length on LAYER metal5 = 1387 um.
%Total wire length on LAYER metals = 264 um.
#Total wire length on LAYER metal? = 87 um.
%#Total wire length on LAYER metal8 = 0@ um.
%#Total wire length on LAYER metal9 = 5 um.
#Total wire length on LAYER metall® = @ um.
#Total number of vias = 29452

i total 29452):

Above is a sample of the report generated after the Nano Route step.
It gives information about the wire length, metal used, etc..



Step 9: Optimization
a- setting

r

% — O Optimization

Diesign Stage

_ Pre-CTS _ Post-CTS | ® postRoute |

1. Check Post-Route
2. Check Hold ¥ semp |
3, C||Ck OK — Incremental

2 TCesign Rules Violations

Optmizaton Type

# Hold |

& Wax Cap
& Tlax Tran
— DMMax Fanout

Include 51 | SL OptHEREN

. x_DEfault_; - Zlose Y g Help

Click on Optimize-> Optimize Design 93



Step 9: Optimization
b- report

@ — 0 zxp035@zxp035:~/3D_ONoC/P&R

| Setup mode | all | reg2reg | in2reg | reg2out | in2out | clkgate |
Frmmmmm e m oo R R Frmmmmmeo Frmmmmmeon Frmmmmmm- Frmmmmmm- +
| WNS (ns):| 9.137 | 9.137 | 9.263 | 9.599 | N/A | N/A |
| TNS (ns):| ©.600 | ©.000 | ©6.800 | ©.000 | N/A | N/A |
| Violating Paths: | 0] | 0] | 0] | (0] | N/A | N/A |
| ALl Paths:| 917 | 861 | 918 | 7 |  N/A | N/A |
Frmmmmm e m oo R R Frmmmmmeo Frmmmmmeon Frmmmmmm- Frmmmmmm- +
e Frmmmmm o Fommmm e Fommmmmmo Fommmm o Frmmmm - Frmmmmm - +
| Hold mode | all | reg2reg | in2reg | reg2out | in2out | clkgate |
e R Fommmmmmo Fommmmmeo Frmmmmmeon Frmmmmmm- Frmmmmmm- +
| WNS (ns):| -0.887 | ©.057 | -0.007 | ©.348 | N/A | N/A |
| TNS (ns):| -0.007 | ©.000 | -8.807 | ©.000 | N/A | N/A |
| Violating Paths: | 1 | 0] | 1 | 0] | N/A | N/A |
| ALl Paths:| 917 | 861 | 918 | 7 | N/A | N/A |
e R Fommmmmmo Fommmmmeo Frmmmmmeon Frmmmmmm- Frmmmmmm- +
T e e +

| | Real | Total |

| DRVs R LR R et e e |

| | Nr nets(terms) | Worst Vie | Nr nets(terms) |
e e e R +

| max_cap | e (a) | 0.000 [ 0 (@) |

| max_tran | e (e) | 0.000 | 0 (e8) |

| max_fanout | e (e) | 0 | 0 (8) |
e e e e +

Density: 21.300%

*x% Final Summary (holdfix) CPU=0:00:01.2, REAL=0:00:81.0, TOTCPU=0:00:14.7, TOTREAL=0:00:16.0, MEM=386.8M
**gptDesign ... cpu = 0:00:15, real = 0:00:16, mem = 386.8M **

*x* Finished optDesign *=**

Opening parasitic data file './router_LAXYZ_nfeXCb_6850.rcdb.d/header.da' for reading.
Closing parasitic data file './router_LAXYZ_ nfeXCb_6850.rcdb.d'. 5352 times net's RC data read were performed.
RC Database In Completed (CPU Time= 0:00:00.0 MEM= 386.8M)

velocity 1=

Above is a sample of the report generated after the Optimization step. ,
It gives information about the Setup and Hold violations, used metal layers thikness, etc..



Step 10: Adding Fillers

x — O Add Filler 1
Cell Mame(s) FILLCELL X8 FILLCELL 4 FILLCELL X32 FILLCELL X2 FILLCELL X16 FILLCELL X1 Select
Prefix FILLER
Power Domain Select
— MoDRC
— Mark Fixed
— Fill Area Drayy; WierAtEs
Tx 1 @ o Select Filler Cells
urx ury — Selectable Cells List
FILLCELL_X&
\_APRY L Gl  HElP [FrircErn a4
FILLCELL_X32
FILLCELL X2
FILLCELL X1#6
FILLCELL X1

akrwbE

Check Select
Select FILLCELL X1,2,4,8,16,32

Click ADD
Click Close
Click OK

Cells List

Click on Place -> Physical Cells->Add Filler

95




1. Save your final design under final.enc in ./checkpoints directory .



Step 11: Design checking
a- Layout Vs. Schematic (LVS)

@ - o0 Verify Connectivity

Met Type
*kkkkkkk Start: VERIFY CONNECTIVITY *issikx @ Al
start Time: Wed Jun 4 20:14:23 2014 ~ Regular Only

— Special Only
Design Name: router LAXYZ

Mets

Database Units: 2@00
Design Boundary: (0.0000, 0.0000) (250.0000, 250.0000) 2 Al
Error Limit = 1000; Warning Limit = 50 Selected

Check all nets -

*%%% 20:14:24 **** Processed 5000 nets (Total 6874) R
Time Elapsed: 0:00:01.0 Check
& COpen & TUnConnected Fin ¥ TUnrouted Met

Begin Summary
Found no problems or warnings.
End Summary -

— Cormectivity Loop ¥ DanglingWire (Antenna) ¥ Weakly Connected Pin
Geometry Loop — Geometry Commectivity  — Keep Previous Results

. — TS5V e Abstract File
End Time: Wed Jun 4 20:14:24 2014

*wxxxwxx®x End: VERIFY CONNECTIVITY *#*#wssx Verify Conmectivity Repart. ta/roumer p—
Verification Complete : ® Viols. 8 Wrngs. — ' = SIS L
(CPU Time: 0:00:00.2 MEM: 0.004M) Report Lumits

Errar: 1000

Warning: 50

Report displayed on the terminal

_Set Multiple CPTIL.,

_ Apply _ Sancel Help

Click Verify->Verify Connectivity
Save the Verify Connectivity Report.rpt under ./reports, and then click OK



Step 11: Design checking
b- Design Rule Check (DRC)

® - 0 Verify Geometry

® — 0 Verify Geometry

Bagic = Advaneed

Verificadon Area

_ Regular Routing orly VERIFY GEOMETRY ...... Cells : © Viols.
) VERIFY GEOMETRY ...... SameNet : 0 Viols.
_ 5tacked as On Regular Routing Omly VERIEY GCEOMETRY wiring i 0 Viols
* Wire Extension VERIFY GEOMETRY ...... Antenna : @ Viols.
Check — iz Overlap VERIFY GEOMETRY ...... Sub-Area : 1 complete @ Viols. © Wrngs.
¥ Winimum Width — UEzinzransime VG: elapsed time: 3.00
 Lfinimum Area . Maximum Width Begin Summary ...
& Short — Max Monpreferred Wire Length: 0 Cells 6]
& Cell overlap SameNet 6]
¥ Insufficient Metal Overlap Wiring H ]
¥ MinHale Antenna 0]
I Iinimum Cut | Number of Local CPU(s): 1 short 6]
¥ “Aa Enclosure Overlap §]
End Summar
All ow _Set Multiple CPUL., y
¥ PinlnBlockage I\,‘eri.fi_cati.on Complete : © Viols. @ wrngs.l
 same Cefl vslatons [y Geememy Repers: router Lxrzgeoma wxsrkwxkskEnd: VERIFY GEOMETRY® ks
— Different Cell Violations nas:
_ Overlap of Pad Filler Ce o #%% yerify geometry (CPU: 0:00:82.1 MEM: 83.5M)
Report Limits
—  Owetlap of Routing Bloe] R —
Error: 1000

—  Cwerlap of Routing Bloe|

wamng 50 Report displayed on the terminal

OK __Apply | Bese

m _Apply | BReset | | Cancel | | Help

Click Verify->Verify geometry
Under Advanced, save the Verify Geometry Report.rpt under ./reports.
Click OK
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Step 12: Output files
a- SPEF file

@ — 0O Extract RC

Sawve RC

¥ Save Capto  router LAXNYZ.cap

— Save Setload to  router LAXNYZ setload

— 3ave Set Resgistance to  router LAXYE setres

— Save SPF o router LAXYZspf

¥ Save SPEF to  router LAXNYZ.spef

RC Cormer to Output

oK Apply Caneel Help

1. Click on Timing-> Extract RC
2. Check Save SPEF to
3. Click OK

We save the output files of the Place&Route phase under ./reports

99



Step 12: Output files

b- SDF file

@ -0 Ca

lculate Delay

Delay Calculation Opton

¥ Ideal Clock

SOF oOutput File:

..........

reportgsrouter LANYZ.edf i

. Apply | Caneel | Help

1. Click on Timing-> Extract RC
2. Save the SDF Output File in ./reports
3. Click OK

We save the output files of the Place&Route phase under ./reports
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Step 12: Output files
c- Netlist file

@ — O Save Netlist
¥ Include Intermediate Cell Definition

¥ Include Leaf Cell Definition

MNetlist File: reports/router LANYZ finalvmet |-y

..........

oK Cancel Help
o ——

e —

1. Click on File-> Save-> Netlist
2. Save the router LAXYZ final.vnetin ./reports
3. Click OK

We save the output files of the Place&Route phase under ./reports 101



Scripts

e The 12 steps previously presented can be made via
commands inserted in the SoC Encounter terminal.

e The commands required for the Place&Route are
grouped in a single .tc/ file.

* The .tc/file is named “par LAXYZ.tcl”

* |tislocated in:
“Ihome/zxp035/3D-ONoC/P&R/script ”

 Torun the TCL script type on your terminal:

velocity 1> source /3D-NoC/P&R/script/par LAXYZ.tcl
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par LAFT.tcl (1/8)

HEHHHHHHHHHH R Start tutorial #E#HHEFFHHHH-H PR

H

# Step 1: Setup (File --> Import Design)

H

setUIVar rda_Input ui_netlist ./input_files/router LAXYZ.vnet
setUIVar rda_Input ui_timingcon_file ./ input_files/router LAXYZ.sdc
setUIVar rda_Input ui_topcell router LAXYZ

setUIVar rda_Input ui_leffile ~/lib/NangateOpencCellLibrary.lef
setUIVar rda_Input ui_timelib ~/lib/typical.lib

setUIVar rda_Input ui_pwrnet VDD

setUIVar rda_Input ui_gndnet VSS

setUIVar rda_Input ui_cts_cell list {CLKBUF_ X1 CLKBUF X2 CLKBUF_X3}
commitConfig

# Checkpoint
saveDesign import.enc
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par LAFT.tcl (2/8)

# Step 2: Floorplan (Floorplan --> Specify Floorplan)
H

floorPlan -s 300 300 15 15 15 15

# Checkpoint

saveDesign floor.enc

H

# Step 3: Power ring (Power --> Power Planning --> Add Ring)
#

createPGPin VDD -net VDD

createPGPin VSS -net VSS

globalNetConnect VDD -type pgpin -pin VDD -sinst dp/rf
globalNetConnect VSS -type pgpin -pin VSS -sinst dp/rf
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par LAFT.tcl (3/8)

addRing -nets {VSS VDD} -type core_rings \
-spacing_top 2 -spacing_bottom 2 -spacing_right 2 -spacing_left 2 \
-width_top 4 -width_bottom 4 -width_right 4 -width_left 4 \
-around core -jog_distance 0.095 -threshold 0.095 \
-layer_top metall0 -layer_bottom metal10 -layer_right metal9 \
-layer_left metal9 \
-stacked_via_top_layer metal10 -stacked via_bottom_layer metall

H

# Step 4: Power stripe (Power --> Power Planning --> Add Stripe)

#

addStripe -nets {VSS VDD} -layer metal8 -width 2 -spacing 1.5\
-block_ring_top_layer_limit metal9 -block_ring_bottom_layer_limit metal7 \
-padcore_ring_top_layer_limit metal9 -padcore_ring_bottom_layer_limit metal7 \
-stacked_via_top_layer metal10 -stacked via_bottom_layer metall \
-set_to_set_distance 50 -xleft_offset 50 -merge_stripes_value 0.095 \
-max_same_layer_jog length 1.6
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Script:
par_LAFT.tcl (4/8)

.

# Step 5: Power route (Route --> Special Router)

H

sroute -nets {VSS VDD} -layerChangeRange {1 10} \
-connect { blockPin padPin padRing corePin floatingStripe } \
-blockPinTarget { nearestRingStripe nearestTarget } \
-padPinPortConnect { allPort oneGeom }\
-checkAlignedSecondaryPin 1 -blockPin uselef -allowJogging 1 \
-crossoverViaBottomLayer 1 -allowlLayerChange 1 -targetViaTopLayer 10 \
-crossoverViaTopLayer 10 -targetViaBottomLayer 1

# Checkpoint

saveDesign power.enc

#

# Step 6: Placement (Place --> Standard Cell)
#

placeDesign -prePlaceOpt
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Script:
par LAFT.tcl (5/8)

# Step 7: Clock tree synthesis (CTS)
#a- Synthesis: (Clock --> Synthesize Clock Tree)

addCTSCellList {CLKBUF_X1 CLKBUF_X2 CLKBUF_X3}
clockDesign -genSpecOnly Clock.ctstch
clockDesign -specFile Clock.ctstch -outDir clock_report -fixedInstBeforeCTS

# Checkpoint
saveDesign clock_syn.enc

#

# b- Display: (Clock --> Display --> Display Clock Tree)
This step should be done manually

#
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Script:
par LAFT.tcl (6/8)

# Step 8: Detailed route (Route --> Nano Route --> Route)

H

setNanoRouteMode -quiet -routeWithTimingDriven true
setNanoRouteMode -quiet -routeTopRoutinglLayer default
setNanoRouteMode -quiet -routeBottomRoutinglLayer default
setNanoRouteMode -quiet -drouteEndIteration default
setNanoRouteMode -quiet -routeWithTimingDriven true
routeDesign -globalDetail

#

# Step 9: Optimization (postRoute) (Optimize --> Optimize Design)
#

optDesign -postRoute

optDesign -postRoute -hold

# Checkpoint
saveDesign route.enc
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Script:
par_LAFT.tcl (7/8)

# Step 10: Add fillers (Place --> Physical Cells --> Add Filler)

#

addFiller -prefix FILLER -cell FILLCELL_X1 FILLCELL X2 FILLCELL_X4 \
FILLCELL X8 FILLCELL X16 FILLCELL X32

H

# Step 11: Verification (LVS) (Verify --> Verify Connectivity)

H

verifyConnectivity -type all -error 1000 -warning 50 # LVS check
verifyGeometry # DRC

#

# Step 12: Data out (Timing --> Extract RC, Timing --> Write SDF, File --> Save --> Netlist)
#

saveNetlist router LAXYZ final.vnet # Netlist

109




Script:
par LAFT.tcl (8/8)

isExtractRCModeSignoff
rcOut -spef router LAXYZ.spef # SPEF file
delayCal -sdf router LAXYZ.sdf —idealclock # SDF file

# Final checkpoint
save Design final.enc

HHHHHHHHHHHHHHH R HHH S
HHHHHHH R End tutorial #HHHFHHBHEFHHFHHHBHHHHB T
HHHHHHHHHHHHHH R H S
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3. Design checking LVS (Layout-Versus-
Schematic) & Design Rule Check (DRC)
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Objectives

Ay

 |n this tutorial, we check the correctness of the
designed 3D-ONoC router. Two main checking
process are performed in this tutorial:

— Layout Versus Schematic (LVS)

» Checks whether the integrated circuit layout in the Place &
Route phase (Phase 2) corresponds to the original
schematic or circuit diagram of the design obtained in the
Design Synthesis phase (Phase 1).

— Design Rule Check (DRC)

. Ensures that the layout conforms to the rules
designed/required for faultless fabrication.




Requirements

Ay

 Before starting the design check, you should
have already finished the two previous steps:
— Design synthesis (DS)
— Place & Route (P&R)

 If you are not continuing the previous two steps,
you need the final.enc file and file.enc.dat
folder to be copied first to the ./checkpoints
directory to restore the final post P&R design




Design Check
directory structure

Path: ~/3D-NoC

|
l l

Synthesis P&R Design_check Readme.txt

checkpoint

Contains the last checkpoint
saved from P&R tutorial.
It will be used to restore the
design and perform the
checking
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Environment
Restore design
Layout Vs. Schematic (LVS)

Design Rule Check (DRC)
Commands
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Environment

Zxp035@zxp035:~

Fle Edit Wiew Terminal Tabs Help

[zxpB35@zxpB35 ~]% tcsh
Jhome/zxp@35% cd 3D _ONoC/

Shome/zxpB35/30_0NoC% mkdir Design_check
fhome/zxpd35/3D0_0NoC% cd Design_check/
Jhome/zxpB35/30_0NoC/Design_check% mkdir checkpoint

Jhome/zxp@35/30 ONoC/Design checks: I

Make sure that you are working under cshr environment. Otherwise type tcsh.
- Go to/home/zxp035/3D-ONoC/ and make Design_check e
In the new Design_check directory, make a new directory checkpoint




Environment

zxp035@zxp035:~

Fle Edit ¥iew Terminal Tabs Help

[ZzxpB35@zxpB35 ~]5 tcsh

Shome/zxp@35% cd 3D_ONoC/

fhome/zxp@35/30_0NoC% mkdir Design_check

fhome/zxp035/30_0NoC% cd Design_checks

Jhome/zxpB35/3D0_0ONoC/Design_check® mkdir checkpoint

Shome/zxp035/3D0_ OMNoC/Design_check% cp ../PandR/checkpoints/final.enc ./checkpoint/
Shome/zxp@35/30 ONoC/Design_check® cp -r ../PandR/checkpoints/fTinal.enc.dat ./checkpoint/
Shome/zxpB35/3D0_0NoC/Design_check%: I

In the new checkpoint directory, we will copy the last checkpoint performed
in P&R phase. We need to copy final.enc file and final.enc.dat folder



Environment

ZXxp035@zxp035:~
Fle Edit ¥iew Terminal Tabs Help

[ZzxpB35@zxpB35 ~]5 tcsh

Shome/zxp@35% cd 3D_ONoC/

fhome/zxp@35/30_0NoC% mkdir Design_check

fhome/zxp035/30_0NoC% cd Design_checks

Jhome/zxpB35/3D0_0ONoC/Design_check® mkdir checkpoint

Shome/zxp035/3D0_ OMNoC/Design_check% cp ../PandR/checkpoints/final.enc ./checkpoint/
Shome/zxp@35/30 ONoC/Design_check® cp -r ../PandR/checkpoints/fTinal.enc.dat ./checkpoint/
Shome/zxpB35/3D0_0NoC/Design_check%: I

Use cp command to copy final.enc file from ../PandR/checkpoints into ./checkpoint
Use cp — r command to copy also final.enc.dat folder



Environment

[ Zxp035@zxp035:~ -0

File Edit View Terminal Taks Help

[zxp@35@zxpd35 ~1% tcsh

/home/zxp@35% cd 3D_ONoC/

fhome/zx<p@35/30_0NoC% mkdir Design_check

/home/zxpB835/30_0NoC% cd Design_check/

fhome/zxp@35/30_0NoC/Design_check% mkdir checkpoint

fhome/zxp@35/30_0NoC/Design_check% cp ../PandR/checkpoints/final.enc ./checkpoint/
fhome/zxp@35/30_0NoC/Design_check% cp -r ../PandR/checkpoints/final.enc.dat ./checkpoint/
fhome/zxp@35/30 ONoC/Design check% uelucityl

Start SoC Encounter 119



Restore design

ahkhwbE

Data Type: & Encounter

0.

1

Restore Design File:  checkpoint/final.enc = I N

— Sync Relative Path

— With ERROR Line messages

— With WARD messages

Restore Design

Look in: 2 Lﬂ'lDTﬂE,-’ZIpDBEf3D_ONDCﬂ:ESigl‘l_L‘hEL‘ka‘hEL‘kaiTlt m €] = B 5

) Apply Car _
o [
Click on the folder
Go to ./checkpoint
Select final.enc file
Click Open
Click OK
4
File name: final.enc
Files of type: Lesign files (*.enc ]
First, we should restore the final design of the P&R phase 120

Click File>Restore design



The final layout of the P&R phase should appear 191



Layout Vs. Schematic (LVS

*kkk*kk*% Start: VERIFY CONNECTIVITY **##swsx
Start Time: Wed Jun 4 20:14:23 2014

Design Name: router LAXYZ

Database Units: 2000

Design Boundary: (0.0000, 0.0000) (250.0000, 250.0000)
Error Limit = 1000; Warning Limit = 50

Check all nets

*%k%x%* 20:14:24 **** Processed 5000 nets (Total 6074)
Time Elapsed: 0:00:01.0

Begin Summary
Found no problems or warnings.
End Summary

End Time: Wed Jun 4 20:14:24 2014

*kxxkkk** End: VERIFY CONNECTIVITY ****xxxs
Verification Complete : ® Viols. 0 Wrngs.
(CPU Time: ©0:00:080.2 MEM: 0.004M)

Report displayed on the terminal

@ — o Verify Connectivity

Met Type

2 Al

— Regular omly
— Special Only
Mets

2 Al

— Selected

— Mamed:

Check

& COpen & TUnConnected Fin ¥ TUnrouted Met
— Cormectivity Loop ¥ DanglingWire (Antenna) ¥ Weakly Connected Pin
— Geometry Loop — Geometry Commectivity  — Keep Previous Results

— TS5V Die Abstract File

Verify Conmectivity Report: ts/router LAXYZ.conm.rpt

Report Lirmits

Errar: 1000

Warning: 50

Set Multiple CP1T..,
S -

. Apply . Sancel

Click Verify->Verify Connectivity
Save the Verify Connectivity Report.rpt under ./reports, and then click OK
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Design Rule Check (DRC

Checl

~ Minimum Width
& LIinimum Area
& Short

» Cell Overlap

# Imsufficient Metal Overlap

~ MinHole
& Ninimum Cut

¥ ia Enclosure

Allow

» FinlInBlockage

~ Same Cell Wiolations

— Different Cell Violations
— Cwerlap of Pad Filler Ce

—  Owetlap of Routing Bloe]

—  Cwerlap of Routing Bloe|

0K . Apply

Rese
-

® - 0 Verify Geometry

Basic | Advanced
Verificaton Area
— Regular Routing omly
_ 5tacked as On Regular Routing Omly
& Wire Extension
— Wia Cverlap
& Tse Default Rule
& MMaximum Width

— Max Monpreferred Wire Length: 0

MNumber of Local CRU(s): 1

Set Muldple CPIL.,
L _

IVe-rif-y Geometty Repott! router LAXYZ. geom.rp

Report Limits
Error: 1000

Warning: 50

Cancel
M -’

__tlp

-

Click Verify->Verify geometry

VERIFY GEOMETRY ......
VERIFY GEOMETRY ......
VERIFY GEOMETRY ......
VERIFY GEOMETRY ......
VERIFY GEOMETRY ......
VG: elapsed time: 3.@0
Begin Summary ..
Cells
SameNet
Wiring
Antenna
Short
Overlap
End Summary

200020

Wiring
Antenna

Sub-Area :

6 Viols.
6 Viols.
0 Viols.
: 0 Viols.
1 complete @ Viols. ©® Wrngs.

IVerification Complete :

8 viols.

® Wrngs. |

**********End: UERIFY GEOMETRV**********
#%% yerify geometry (CPU: 0:00:82.1 MEM: 83.5M)

—

Report displayed on the terminal

Under Advanced, save the Verify Geometry Report.rpt under ./reports. .

Click OK



Commands

 To perform the Layout Vs. Schematic (LVS)
type the following command on your
terminal:

velocity 1> verifyConnectivity -type all -error 1000 -warning 50

 To perform the Design Rule Check (DRC) type
the following command on your terminal:

velocity 2> verifyGeometry
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<== Back to Contents

4. Post-Layout simulation
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Ay

ODbjectives

* After completing this tutorial you will be able to:

Check if the post-layout design is free from any
timing violations

Report timing and area

Evaluate the power consumption (dynamic and
static)
Learn how to make the post-layout simulation via:

The CAD Graphic User Interface
Tcl script
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Contents

* Requirements

 Post-layout simulation directory structure
* Setup

* Post layout synthesis (Step 1~3)

* Script
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Requirements

Ay

 Before starting the post-layout, you should have
already finished the three previous phases:
— Design Synthesis (DS)
— Place & Route (P&R)
— Design Check (LVS and DCR)

* We should create a new directory:
~/3D-ONoC/Post

where the post-layout simulation is performed.

128



Post-layout

directory structure

Path: ~/3D-NoC

A 4

Synthesis

P&R

y

Design

check

A 4

Post

Readme.txt

A A

verilog_src

Contains the
Verilog-HDL
source files for
the 3D-OASIS-
NOC

A 4

input_files

Contains the
files necessary
files for the
Post-layout
phase
(\Vnet, .sdc,
.spef, .sdf, and
.sdc)

A A

scripts

Contains the
sta_ LAXYZ.tcl
and
power LAXYZ.
tcl shell script
files

A 4

reports

Contains the
reports
generated
from the post-
layout
synthesis
compilation
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Setup

 Before we start, we should copy some output
files that we will use for this phase.

— router_LAXYZ_ final.vnet
— router LAXYZ_ final.spef
— router_ LAXYZ final.sdf
— router LAXYZ_final.sdc

(From P&R phase)
(From P&R phase)

(From P&R phase)
(From Synthesis phase)

* These files should be copied to

~/3D-ONoC/Post/input

130



Setup

ZXp035@zxp035:~

File Edit View Terminal Taks Help

[ZxpB35@zxpB35 ~]% tcsh

Fhome/zxpB35% cd 3D_ONoC/

fhome/zxp@35/30 ONoC% cd Post/

Fhome/zxpB35/30_0ONoC/Post% cp ../5ynthesis/output fTiles/router LAXYZ.sdc ./input/
Shome/zxp@35/30_0ONoC/Post%: cp ../PandR/router LAXYZ.spef ./input/

fhome/zxp@35/30 ONoC/Post% cp ../PandR/router LAXYZ.sdf ./input/

Shome/zxp@35/30 ONoC/Post% cp ../PandR/router LAXYZ final.wnet ./input/
/home/zxpB35/30_ONoC/Post% |

Type tcsh and go to ~3D-ONoC/Post
Using the “cp” command, copy the necessary four files to ./input

Start Design Compiler by typing design_vision 131



Step 1: Timing analysis
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S

* For this step, we execute a script that contains the
necessary operations for time analysis.

* The operations are almost the same as the ones
performed in Phase 2 (Design Synthesis) of this
tutorial.

* The sta LAXYZ.tcl script file needed for this step is
located in ./scripts

* Next slides depicts sta_LAXYZ.tcl




Step 1: Timing analysis:
sta LAXYZ.tcl (1/3)

H#it##t Define the variable which we will use ####

set base_name "router_ LAXYZ"

set vnet_file "router_LAXYZ_final.vnet"
set spef_file "router_LAXYZ.spef"

set sdf_file "router LAXYZ.sdf"

set sdc_file "router_LAXYZ.sdc”

H#### Step 1: Set the libraries: ####

set target_library "~/lib/typical.db"

set synthetic_library "~/lib/dw foundation.sldb”

set link_library [concat "*" Starget_library Ssynthetic_library]

set symbol_library ""~/lib/generic.sdb”

define_design_lib WORK -path ./WORK # redirect the log files to a new folder “WORK”
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Script:
sta LAXYZ.tcl (1/2)

H### Step 2: Read post_layout netlist####
read_file -format verilog ./input/Svnet_file

current_design Shase _name
link

#### Delay and RC information####
read_sdc ./input/Ssdc_file

read_sdf ./input/Ssdf file
read_parasitics ./input/Sspef file

H## Generate reportst#itt#
report_timing > ./reports/timing_report_S{base_name}.txt
report_reference -hier > ./reports/reference_report_S{base _name}.txt
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Step 1: Timing analysis
Execute the script

(o Execute Script File
Look in: I_qfhcr‘nefz:-:pCIB5!3D_DNDC!Pchscriptsf 'l & £F | B =

.
[ ] power_LAXYZ tcl
I sta_LAXYZ tcl

File name: | sta_LAXYZ tcl
File type: | Script Files { *.script *.scr *.dcs *.dcv *.dc *.dcfpga *.con *.tcl *1tcl) j Cancel |

[T Echo commands

™ Verbose

To run the TCL script, click File> Execute script 135
Go to ./scripts, select sta LAXYZ.tcl and click Open



Step 1: Timing analysis
Reports

Br

¥ Home/all

delay information is back-annotated.

Operating Condition=z: typical Library: NangateOpenCellLibrary
Vire Load Hodel Hode: taop 1.330000 2 2 .660000
OR3_X1 HangateOpenC=l1Library
Startpoint: cbhar,/cntrl_reg_reg[41] 1.330000 1 1.330000
(rising =dge-triggersd flip-flop clockad by cLk)
Endpoint: L_l ,[3], -ip/ W—req,—reg . Total 8 references 19 .584000
(rising edge-triggered flip-flop clocked by clk)
Fath Group: clk
Path"[‘}'pe: max HENAERRLAAARA AN A A AR A NN AN AN NNNNNRRN N NN Nk
Design: stop_gao 6
DES;’CIUSt."’POI’t Wire Load Model Library LS AN NN RN LN R SRS
******************************************** Reference Library Unit Area Count Total Area Attributes
router_ LAXYZ SK_hvratio 1 1 NangateOpenCellLibrary = =00 || scccmemmecccnameacaceaaaaacecccaacaemcceaaceeeeeeaasssseemeessssecsems s e nmn
AQIZ211_X2 NangateOpenCellLibrary
Point Inee Path 2.394000 1 2.394000
__________________________________________________________________________ DFF_IX1 lNangateOpenCelllibrary
clock clk (rise =dge) 0,00 Q.00
clock network delay (ideal) .00 0.00 4.522000 2 9.044000 n
char/cntrl_reg_reg[41]/CK (DFF_X1) 0.0 0.00 ¥ Tn_xl WangateOpenCelllibrary
char/entrl_reqg_reg[41]/Q (DFE_X1) 0,08 4 0.00 £ 0.532000 2 1.064000
char,/FF_OFCT1_cntrl_reg_41_/% (CLKBUF_X3) .11 0.20 £ MEND2_X1 lMangateOpenCellLibrary
cbhar/output_loop[5] . cbar_mux/entrl (6] (mux_out_n in7 WIDTH34_1) 0.798000 1 0.798000
0.00 0.20 f NEND3_E1 MNangateOpenCellLibrary
char/output_loop[5] . char_mux/U31/ZN (NOR2_I1) 0,07 0.27 r 1.064000 2 2. 128000
cbhar /output_loop [5].char_mux/U21/Z0 (IIV_X1) Q.02 * 0.29 f TANDA_T1 llangateOpenCelllibrary
cbhar/output_loop [5] .char_mux/U25/Z1 (HNOR3_X1) Q.08 * 0.36 1.330000 1 1.330000
char output_loop[5] .char mux/U44 /ZI (AND4_ X2 ]7 .15 # 0.51 r 0aT22_X1 NangateOpenCelllibrary
char/output_loop[5] .cbar_mux/U24/Z (&0I222_X1) 0.06 * 0.57 £ .
N ) 1.330000 2 2.660000
char/output_loop[5] .cbhar_mux/U150/ZN (HAND3_X1) 0.09 * 0.67 ¢ .
char/output_loop[5] .cbhar_mux/data_out [0] (mux_out_n_in7 WIDTH34_1) OR3_I1 HangateOpenCelllibrary
0.00 0.67 r 1.330000 1 1.330000
char/data_cout [170] (crossbar HNOUT7_NIN7_WIDTH34) Q.00 L0 0 o |
ma_allc/tail_sent [5] (sw_alloc_LOUTT) 0.00 0.67 Total 8 references 20.748000
sw_allc/U215/2Z1 (0AI211_ X1) Q.05 * 0.71 £ 1
sw_alle/Uz14 /20 (TNV_X1) 0.06 * 0.78 design_visieons
sw_allc/ol [5] .mat_arb/request [2] (matrix_arb formultistages_ SIZE7_1)
0.00 0.78 ¢ LOg HiStOI’Y
Log | History design_vision> |||
design_vision> ||

Timing report Reference report

Analysis reports for timing and area will be saved in ./reports 136
The reports contain detailed evaluation of reference (area) and timing delay by module



% Step 2: Timing simulation

In this second step, we will check whether our
design is free from any delay violation.

We will use ncverilog and simvision.

We created a test bench file, named Test.v, in
order to evaluate 3D-ONoC router.

In this test bench, random flits are generated,
injected from the 7 input-ports of the router and
ejected from the 7 output ports.

Finally, the correctness of the ejected flits is
checked.




“# Step 2: Timing simulation:
a- Hierarchy

fifo.v

Top level module

router_LAXYZ.v input_port.v

Test bench
Test.v J input_port.v

matrix_arb_for

multistage.v
sw_alloc.v
stop_go.v
crossbar.v mux.v
Test.v is located in ./verilog_src along with the remaining 138

Verilog source files



Step 2: Timing simulation:
b-Test.v (1/4)

‘timescale 1ns/1ns

module Test;
reg clk;
reg reset;
//wire list object value output variables
wire [37:0] dat_out_local, dat_out_north, dat_out_east, dat_out_south, dat_out_west, dat_out_up, dat_out_down;
wire [6:0] stop_out;
//register list object value of input test
reg [37:0] dat_in_local, dat_in_north, dat_in_east, dat_in_south, dat_in_west, dat_in_up, dat_in_down;

[[¥***¥*** registers used for the payload of input data ******//
reg [20:0] payload_1;
reg [20:0] payload_2;
reg [20:0] payload_3;
reg [20:0] payload_4;
reg [20:0] payload_5;
reg [20:0] payload_6;
reg [20:0] payload_7;
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Step 2: Timing simulation:
b-Test.v (2/4)

//Top module definition

router_LAXYZ router (.clk(clk),
.reset(reset),

.data_in({dat_in_down, dat_in_up, dat_in_west, dat_in_south, dat_in_east, dat_in_north, dat_in_local}),

.data_out({dat_out_down, dat_out_up, dat_out_west, dat_out_south, dat_out_east, dat_out_north,
dat_out_local}),

.stop_in({stp_in_local, stp_in_norh, stp_in_east, stp_in_south, stp_in_west, stp_in_up, stp_in_down}),
.stop_in(7'b0000000),

.stop_out(stop_out),
.xaddr(3'b010),.yaddr(3'b010),.zaddr(3'b010)); // We assume that the router has 222 adress

//clock generation (100 Mhz frequency )
always #5000 clk = ~clk;

//Annotation file initialization
initial begin
‘ifdef __POST _PR__
Ssdf_annotate("input/router_LAXYZ.sdf", Test.router, , "sdf.log", "MAXIMUM");

“endif
#O
clk=1,;

reset = 1|b1,'oo- eee
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Step 2: Timing simulation:
b-Test.v (3/4)

#100000
//Initialization of the vcd file that collects simulation information
Sdumpfile("dump.vcd");
Sdumpvars(0, Test);
//Start sending flits
for(i=0;i<100;i=i+1)begin //We assume the number of sent flit is 100 for simplicity
#10000
//*** local port sending
if(stop_out[0] == 1)
dat_in_local = 0;

else begin
dat_in_local = {payload_1,9'b010011010,7'b0000010,1'b1};//(0,1)
payload_1 = payload_1 + 1;
sentl =sentl +1;

end

eeesee //*¥*¥* We perform the same operations for the remaining input-ports
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Step 2: Timing simulation:
b-Test.v (4/4)

end//for loop end

#100000
Sfinish;

end // initial begin

always @(dat_out_local) begin // Count the flit received at the local out-port
recl=recl+l;

end

rec5+1;

end

always @(dat_out_north) begin// Count the flit received at the north out-port
rec2=rec2+1;
end

«ss 004 // Count the flit received at the remaining out-ports

always @(dat_out_down) begin
rec/7=rec7+1;
end

endmodule // The end of Test.v
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“g Step 2: Timing simulation:
c- Compilation

e Using ncverilog we compile our test bench Test.v with
our top module netlist file router LAXYZ final.vnet

 The result of this compilation is the dump.vcd file
previously initialized in Test.v

* Invyour terminal and under ~/3D-ONoC/Post type the
following command:

/home/zxp035/3D_ONoC/Post% ncverilog +access+r +define+  POST PR
verilog_src/Test.v input/router LAXYZ final.vnet -v ~/lib/typical.lib
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“g Step 2: Timing simulation:
d- Simulation

* Now, we launch simvision to see the result of the
simulation

* Inyour terminal and under ~/3D-ONoC/Post type
the following command:

/home/zxp035/3D ONoC/Post% simvison &
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“w Step 2: Timing simulation:
d- Simulation

Design Browser 1-5imVision

Eile Edit ¥iew 5Select Explore Hindows Help

o send To: ) R ) PR Gy B
|

Browse: Ia All Huailablej @y Dptinns.ﬂl i@

Leaf Filter: |= | g
: : = =
Show contentz: | In the signal list |
5 5 @ @ B [ raeeri [ ¥l
|@‘ |O ob jects selected|
Simvision welcome screen 145

Click on File> Open Database ...



Step 2: Timing simulation:
d- Simulation
| ©9© Design Browser1-Simvision

File Edit Niew 3Select Explore Hindows
e To: G [ 5 B o G
|

i FF

Open Database
Directorys shome /zxp0 35,/ 20_0HaC /Post — | |
] .=imvizion
£7 IMCA_libs=
7 irput
] reports
] scripts
Eleusnilog src
= =
File pame: |dump+ucd [pen
Files of type: NCO Files {#*,wcd! i Cancel
Transition Files {=.trn? i
Lesf Filter: |« >l & Desion Files (*.dsn)
| Transition & Design Files (=.trn.*.dsnd 7 =
Show content=z?: | In the =ignal list I"."I:]:I Files {*+ucd}i
* -
ALl Files (=} —_I

| 0 objects selected

®

Change Files of type to VCD files (*.vcd)
Select dump.vcd 146
Click Open




Step 2: Timing simulation:
d- Simulation

Help

Eile Edit ¥iew Select Explore MWindows

Send TDi@H ﬁi

Browse? IOHll Hvailablej Hat ElptiDnS...I i

File Translation

The file you have =zelected i= a VCD file,
It will automatically he translated into an S5T database,

Dest inat ion: |/home/zxqp0E30,20_0HoC APost Adump Browse., .. |

Duration: * All Time
~ Range
4 Include Sequence Time Information

4 Compress Resulting Datahaze

LeaF Filter: [= _ ok || carcel | el |
=]

| Se—

Show contents: | A the =ignal List | r_ﬁlﬁlﬁlﬁlﬁlﬁ% Filter:lﬁ

| 0 objects selected

®

File Translation window will appear
Click on OK to translate dump.vcd into dump.trn
dump.trn file will be used to visualize the test bench signals 47




Step 2: Timing simulation:
d- Simulation

£3 Design Browser 1- SimVision

File Edit ¥iew Select Ezplore Hindows Help

"EL 5’5:"‘”’“ iOE o X g @,@.’ SendTD:E%ﬁi

Dezign Browser

F_out_west[37:0] I stop_out[6:0]

ey load_1[20:0]
Wik pay load_2[20:0]
P payload_2[20:0]
4 payload_4[20:0]
e pay Load_S[20:0]
e pay load_6[20:0]
W payload_7[20:0]

Leat Filter: |* =l g Wp recl
o ; ; ] |-
Show contents: | In the =ignal list ﬁlﬁlﬁlﬁlﬁl@ Fj_lterzl—* :l
|©‘ ‘1 ob ject. selected

Click on Test to see the different variables used in the simulation
Click on | to visualize the signals
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Step 2: Timing simulation:
d- Simulation

Waveform 1 - SimVision

Eile Edit WYiew Explore Forpat Hindows

F5 - - S
Search Mames: |Signal » I | ﬁ' & ISEEN“Ch Timess | Valus *
nleimeﬂJ =|o lns =1 - 111[

mﬂ Baseline™=0
m mCursor‘—Basel inew=:0

MName ~

0 ohjects selected

The/\ﬁaveform window appears
Click on = to fit the window with your signals



Step 2: Timing simulation:
S

d- Simulation

V1510

Eile Edit Miew Explore Format  Hindows

Hele
& & o * % + Send Tn.@
Search Nanes: [Signal v
[ [Tiwen == [0 i I | LA AR A L0000 - O T
) Baseline¥=o
i(}} Bf|Cursor—Baseline™=0

=@ F

0 ohject= =e

<y

From the waveform we can see that:
- The 100 flits that we sent arrived to their destinations
- No time violations are found, otherwise the signals will be red instead of green




Step 3: Power evaluation

 After we made sure that there are no time
violations in our design, we proceed to evaluate
the power consumption.

e The dump.vcd file contains the switching activities
information of the test bench. We need to convert
the .vcd file into .saif file.

 The .saif file will be used by Design Compiler Power
Anlyzer to evaluate the power

* Inyour terminal and under ~/3D-ONoC/Post type
the following command:

/home/zxp035/3D ONoC/Post% ved2saif -input dump.ved -output router LAXYZ.saif



m 2% Step 3: Power evaluation

Ay

* For the evaluation, we execute a script that contains
the necessary operations for power evaluation.

* The operations are almost the same as in the ones
performed in Timing analysis (Step 1) of this
post_layout simulation phase.

* The power_LAXYZ.tcl script file needed for this step
is located in ./scripts

* Next slides present power_LAXYZ.tcl file




Step 3: Power evaluation
power LAXYZ.tcl (1/2)

H#it##t Define the variable which we will use ####

set base_name "router_ LAXYZ"

set vnet_file "router_LAXYZ_final.vnet"
set spef_file "router_LAXYZ.spef"

set sdf_file "router LAXYZ.sdf"

set sdc_file "router_LAXYZ.sdc”

set saif_file "router_LAXYZ.saif”

H#### Step 1: Set the libraries: ####

set target_library "~/lib/typical.db"

set synthetic_library "~/lib/dw foundation.sldb”

set link_library [concat "*" Starget_library Ssynthetic_library]

set symbol_library ""~/lib/generic.sdb”

define_design_lib WORK -path ./WORK # redirect the log files to a new folder “WORK”
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Step 3: Power evaluation
power LAXYZ.tcl (1/2)

.

#i## Step 2: Read post_layout netlist####

read_file -format verilog ./input/Svnet_file

current_design Sbase name

link

#### Delay and RC information####

read_sdc ./input/Ssdc_file

read_sdf ./input/Ssdf file

read_parasitics ./input/Sspef file

#### Read switching activities information####
reset_switching_activity

read_saif -input Ssaif file -instance top/dut -unit ns -scale 1
Hiti# Generate reportst#itt#

report_timing > ./reports/timing_report_S{base_name}.txt
report_reference -hier > ./reports/reference_report_S{base_name}.txt
report_power -hier > ./reports/power_report_S{base _name}.txt
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Step 3: Power evaluation
Execute the script

% Execute Script File
Look in: |_q;hume;z:-:pG35;3D_DNOCIPust€scriptsf ‘lﬂ R £F |55 52

3 ..
W power LAXYZ tcl
[ ] sta_LAXYZ tcl

File name: | power LAXYZ icl QOpen I

File type: | Script Files ( *.script *.scr *.dcs *.dcv *.dc *.dcfpga *.con *tcl *1cl) j Cancel |

[T Echo commands

™ Verbose

To run the TCL script, click File> Execute script in Design Compiler 155
Go to ./scripts, select power LAXYZ.tcl and click Open



Step 3: Power evaluation
Reports

Switch Int Leak Total
Hierarchy Power Power Power Power %
router LAYYZ 4.395 7.763 2.10e+05 222,387 100.0
char lcrossbar NOUTT NIN7 WIDTH3 4] 3.87e- 02 0.361 3.52e+04  35.554 16.0
output_loop[6] .char_mux (mux_out_n_in7_WIDTH34_0) The total power Consumptlon Of
1.15e-02 2.35=-03 5,13e+03 S5.147 2.3
output_loop [5] .char _mux (mux_out_n_in7 WIDTH34_ 1) the 3D_ONOC router |S
2.872-03 1.83e-03 4.09e+03 4.093 1.8
output_loop[4] .char mux (mux_out_n in7 WIDTH34 2) 222_387 UW:
2.26e-03 2.36e-03 3.74e+03 3.742 1.7 .
output_loop[3] .char mux (mux_out_n_ in7 WIDTH34_3) o Leakage (StatIC): 210 UW
1.14e-02 2.422-03 4.34=+03 4.356 2.0 .
output_loop[2] .char_mux (mux_out_n in7 WIDTH34_ 4) L4 Internal (dynamIC): 7_763 UW
2.55e-03 1.9/=2-03 3.82e+03 3.820 1.7 . .
output_loop[1] .char _mux (mux_out_n_ in7 WIDTH34_5) b SWItChIng (net): 4.395 UW
2.41e-03 2.,33e-03 4.,39e+03 4.3968 2.0
output_loop [0] .char_mux (mux_out_n in7 WIDTH34 &)
1.82e-03 1.792-03 4.11e+03 4.113 1.8
gw_allc (=w_allaoc NOUT7T) 8.372-04 1.446 3.62e+04 37T.6TT 16.89
ol [6] .spg (stop_go_0) 2.94e-08 1.39=-02 419.888 0.434 0.2
ol [6] .mat_arb (matrix_arb_formultistage_SIZE7_0)
5.22e-05 0.145 3.35e+03 3.496 1.6
0l [5].spg (stop_go_1) 4.27e-06 1.39e-02 476.288 0.490 0.2
ol [5] .mat_arb (matrix_arb_ feormultistage_SIZE7_1)
5.05e-05 0.145 3.28e+03 3.423
ol [4] .spg (stop_go_ 2) 3.13e-06 1.39e-02 419.688 0.434 0.2
ol [4] .mat_arb (matrix_arbh formultistage SIAET _2)
41.25e-05 0.145 3.21e+03 3.356
ol [3] .spg (stop_go_3) 3.462-06 1.39e-02 419.688 0.434 0.2
o0l [3] .mat_arb (matrix_arb_formultistage_SIZE7_3)
Log History
design_vision> ||

A detailed power reports is shown in dc_shell console. 156
The report shows the static, dynamic and switching power consumption per module
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5. Pad Insertion
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ODbjectives

* After completing this tutorial you will be able to:

— Reperform the Place and Route phase while inserting
the Input/Output (10) pads

— Establish the connection between the |0 pins/ IO
pads, and the input sighals of 3D-ONoC router

— Generate the final netlist and other output files

 This tutorial is performed is based on modifying
input-files and creating a TCL script




Contents

Requirements

Pad Insertion directory structure
Environment

Step 1: Modify router LAXYZ.vnet
Step 2: Make router LAXYZ.io

Step 3: Make lopad_LAXYZ.tcl script
Step 4: Script execution

Final layout




Requirements

Ay

 Before starting the post-layout, you should have
already finished the four previous phases:
— Design Synthesis (DS)
— Place & Route (P&R)
— Design Check (LVS and DCR)
— Post-layout simulations

* We should create a new directory:
~/3D-ONoC/lopad
where the |0 pad insertion is performed.




Post-layout

directory structure

Path: ~/3D-NoC

A 4

Synthesis

1 v A 4

\ 4

P&R Design_check Post

lopad

Readme.txt

A A

input_files

Contains the
files necessary
files for the
pad-insertion
phase (.vnet,
.sdc, and ,io)

A 4 \ 4

script checkpoints

Contains the
checkpoints
saved all along
P&R tutorial

Contains the
ioapad.tcl shell
script

A 4

output

Contains the
final output-
files generated
from the 10
pad insertion

161




Environment

$ tcsh
/home/zxp035/3D-0NoC% cd Iopad/
/home/zxp035/3D-0ONoC/Pad%

Make sure that you are working under cshr environment. Otherwise type tcsh.
Go to /home/zxp035/3D-ONoC/lopad where the Pad folder is located




Environment

% cp ../Synthesis/output_files/router_LAXYZ.vnet ./input
% cp ../Synthesis/output_files/router_LAXYZ.sdc ./input

First, we need t copy the router LAXYZ.vnet and router LAXYZ.sdc files generated
from the synthesis phase which will be used as input for the Pad insertion phase. Type:
% cp ../Synthesis/ouput_files/router LAXYZ.vnet ./input
% cp ../Synthesis/ouput files/router LAXYZ.sdc ./input




i ;- i Ste p 1
‘Modify router LAXYZ.vnet (1/6

module router _LAXYZ ( clk_pad, reset_pad, data_in_pad, data_out_pad, stop_in_pad, stop_out_pad,
xaddr_pad,

yaddr_pad, zaddr_pad );
input [265:0] data_in_pad;
output [265:0] data_out_pad;
input [6:0] stop_in_pad;
output [6:0] stop_out_pad;
input [2:0] xaddr_pad;
input [2:0] yaddr_pad;
input [2:0] zaddr_pad;
input clk_pad, reset_pad;

wire [265:0] data_in;
wire [265:0] data_out;
wire [6:0] stop_in;
wire [6:0] stop_out;
wire [2:0] xaddr;

wire [2:0] yaddr;

wire [2:0] zaddr;




i ;- i Ste p 1
Modlfy router LAXYZ.vnet (2/6)

wire clk, reset;

wire nl, n2, n3, n4, n5,n6, n7;
wire [265:0] cbar_data_in;
wire [6:0] sw_req;

wire [48:0] port_req;

wire [6:0] sw_grant;

wire [6:0] data_sent;

wire [48:0] sw_cntrl;

CORNER_PAD corner_0 _inst ();

IN_PAD data_in_0 _inst (.PAD(data_in_pad[0]), .O(data_in[0]) );
IN_PAD data_in_1 inst (.PAD(data_in_pad[1]), .O(data_in[1]));

/] ...

// Repeat

/] ...

IN_PAD data_in_137 inst (.PAD(data_in_pad[137]), .O(data_in[137]) );
IN_PAD data_in_138 inst (.PAD(data_in_pad[138]), .O(data_in[138]) );
VDD_PAD vdd_0 inst ();

VSS_PAD vss_0_inst ();




" Step 1:
Modlfy router LAXYZ.vnet (3/6)

Gl

CORNER_PAD corner_1_inst ();
IN_PAD data_in_139 inst (.PAD(data_in_pad[139]), .O(data_in[139]));
IN_PAD data_in_140_inst (.PAD(data_in_pad[140]), .O(data_in[140]) );
IN_PAD data_in_141_inst (.PAD(data_in_pad[141]), .O(data_in[141]));
/] ..
// Repeat
/] ...
IN_PAD data_in_264_inst (.PAD(data_in_pad[264]), .O(data_in[264]) );
IN_PAD data_in_265_inst (.PAD(data_in_pad[265]), .O(data_in[265]) );
OUT_PAD data_out_0_inst ( .PAD(data_out_pad[0]), .I(data_out[0]) );
OUT_PAD data_out_1_inst ( .PAD(data_out_pad[1]), .I(data_out[1]));
OUT_PAD data_out_2_inst ( .PAD(data_out_pad[2]), .I(data_out[2]) );
OUT_PAD data_out_3_inst ( .PAD(data_out_pad[3]), .I(data_out[3]));
OUT_PAD data_out_4_inst ( .PAD(data_out_pad[4]), .I(data_out[4]) );
OUT_PAD data_out_5_inst ( .PAD(data_out_pad[5]), .I(data_out[5]));
OUT_PAD data_out_6_inst ( .PAD(data_out_pad[6]), .I(data_out[6]) );
OUT_PAD data_out_7_inst ( .PAD(data_out_pad[7]), .I(data_out[7]));
OUT_PAD data_out_8 inst ( .PAD(data_out_pad[8]), .I(data_out[8]) );
OUT_PAD data_out_9_inst ( .PAD(data_out_pad[9]), .I(data_out[9]) );
OUT_PAD data_out_10_inst ( .PAD(data_out_pad[10]), .l(data_out[10]) );
OUT_PAD data_out_11 inst ( .PAD(data_out_pad[11]), .l(data_out[11]) );




e ;.. At Ste p 1
B+ Modify router_LAXYZ.vnet (4/6)

VDD_PAD vdd_1_inst ();
VSS_PAD vss_1 inst ();

CORNER_PAD corner_2_inst ();
OUT_PAD data_out_12 inst ( .PAD(data_out_pad[12]), .I(data_out[12]) );
( .PAD(data_out_pad[13]), .l(data_out[13]));
(

.PAD(data_out_pad[14]), .I(data_out[14]));

OUT_PAD data_out_13 inst
OUT_PAD data_out_14 inst
/...

// Repeat

/...

OUT _PAD data_out_146_inst ( .PAD(data_out_pad[146]), .I(data_out[146]) );
OUT _PAD data_out_147 inst ( .PAD(data_out_pad[147]), .I(data_out[147]) );
OUT _PAD data_out_148 inst ( .PAD(data_out_pad[148]), .I(data_out[148]) );
OUT_PAD data_out_149 inst ( .PAD(data_out_pad[149]), .I(data_out[149]) );
OUT_PAD data_out_150 inst ( .PAD(data_out_pad[150]), .I(data_out[150]) );
VDD_PAD vdd_2 inst ();

VSS_PAD vss_2_inst();

’




Step 1:
B Modlfy router_LAXYZ.vnet (5/6)

OUT_PAD data_out_264 inst ( .PAD(data_out_pad[264]), .I(data_out[264]) );
OUT_PAD data_out_265 inst ( .PAD(data_out_pad[265]), .I(data_out[265]) );

IN_PAD stop_in_0_inst (.PAD(stop_in_pad[0]), .O(stop_in[0]) );
IN_PAD stop_in_1 inst (.PAD(stop_in_pad[1]), .O(stop_in[1]) );
IN_PAD stop_in_2 inst (.PAD(stop_in_pad[2]), .O(stop_in[2]) );
IN_PAD stop_in_3 inst (.PAD(stop_in_pad[3]), .O(stop_in[3])
IN_PAD stop_in_4_inst (.PAD(stop_in_pad[4]), .O(stop_in[4])
( ) )
( ) )

);
);
);
);

’

IN_PAD stop_in_5 inst (.PAD(stop_in_pad[5]), .O(stop_in[5]
IN_PAD stop_in_6_inst (.PAD(stop_in_pad[6]), .O(stop_in[6]
OUT_PAD stop_out_0_inst ( .PAD(stop_out_pad[0]), .I(stop_out[0]) );
OUT _PAD stop_out_1 inst ( .PAD(stop_out_pad[1]), .I(stop_out[1]));
OUT _PAD stop_out_2 inst ( .PAD(stop_out_pad[2]), .I(stop_out[2]));
OUT _PAD stop_out_3_inst ( .PAD(stop_out_pad[3]), .I(stop_out[3]));
OUT _PAD stop_out_4 inst ( .PAD(stop_out_pad[4]), .I(stop_out[4]) );
OUT _PAD stop_out_5 inst ( .PAD(stop_out_pad[5]), .I(stop_out[5]));
OUT _PAD stop_out_6_inst ( .PAD(stop_out_pad[6]), .I(stop_out[6]));




Step 1:

Modlfy router LAXYZ.vnet (6/6)

IN_PAD xaddr_0_inst (.PAD(xaddr_pad[0]), O(xaddr[O]) );
IN_PAD xaddr_1_inst (.PAD(xaddr_pad[1]), .O(xaddr[1]) );
IN_PAD xaddr_2_inst (.PAD(xaddr_pad[2]), .O(xaddr[2]) );
IN_PAD yaddr_0_inst (.PAD(yaddr_pad[0]), .O(yaddr[0]) );
IN_PAD yaddr_1 inst (.PAD(yaddr_pad[1]), .O(yaddr[1]) );
IN_PAD yaddr_2_inst (.PAD(yaddr_pad[2]), .O(yaddr[2]) );
IN_PAD zaddr_0_inst (.PAD(zaddr_pad[0]), .O(zaddr[0]) );
IN_PAD zaddr_1 inst (.PAD(zaddr_pad[1]), .O(zaddr[1]) );
IN_PAD zaddr_2_inst (.PAD(zaddr_pad[2]), .O(zaddr[2]) );
IN_PAD clk_inst  (.PAD(clk_pad), .O(clk));

IN_PAD reset_inst (.PAD(reset_pad), .O(reset));
VDD_PAD vdd_3_inst ();

VSS_PAD vss_3 inst ();

OR4 X1 U15 ( .Al(data_out[155]), .A2(data_out[154]), .A3(data_out[153]),
.A4(n3), .ZN(data_sent[4]) );

OR4 X1 U16 ( .Al(data_out[157]), .A2(data_out[156]), .A3(data_out[159]),
.Ad(data_out[158]), .ZN(n3) );

/] ..




Step 2:
Make router LAXYZ.io(1/5)

(globals
version =3
io_order = default
)
(iopad
(topleft
(inst name="corner_0_inst")
)
(top
(inst name="data_in_0_inst")
(inst name="data_in_1_inst")
//... repeat ...
(inst name="data_in_137_inst")
(inst name="data_in_138_inst")
(inst name="vdd_0_inst")
(inst name="vss_0_inst")
)
(topright
(inst name="corner_1_inst")




Step 2:

Make router LAXYZ.io(2/5)

(inst name="data_in_139_inst")
(inst name="data_in_140_inst“)
// ... repeat ...

(inst name="data_in_264_inst")
(inst name="data_in_265_inst")
(inst name="data_out_0_inst")
(inst name="data_out_1_inst")
(inst name="data_out_2_inst")
(inst name="data_out_3_inst")
(inst name="data_out_4_inst")
(inst name="data_out_5_inst")
(inst name="data_out_6_inst")
(inst name="data_out_7_inst")
(inst name="data_out_8_inst")
(inst name="data_out_9_inst")
(inst name="data_out_10_inst")
(inst name="data_out_11_inst")
(inst name="vdd_1_inst")

(inst name="vss_1_inst")




Step 2:
Make router LAXYZ.io(3/5)

(bottomright
(inst name="corner_2_inst")

)

(bottom
(inst name="data_out_12_inst")
(inst name="data_out_13_inst")
// ... repeat ...
(inst name="data_out_149_inst")
(inst name="data_out_150_inst")
(inst name="vdd_2_inst")
(inst name="vss_2_inst")

)

(bottomleft
(inst name="corner_3_inst")

)

(left
(inst name="data_out_151_inst")
(inst name="data_out_152_inst")
// ... repeat ...
(inst name="data_out_264_inst")
(inst name="data_out_265_inst")




Step 2:
Make router LAXYZ.io(4/5)

inst name="stop_in_0_inst")
inst name="stop_in_1_inst")
inst name="stop_in_2_inst")
inst name="stop_in_3_inst")
inst name="stop_in_4_inst")
inst name="stop_in_5_inst")
inst name="stop_in_6_inst")
inst name="stop_out_0_inst")

inst name="stop_out_2_inst")
inst name="stop_out_3 inst")
inst name="stop_out_4 inst")
inst name="stop_out_5 inst")
inst name="stop_out_6_inst")
inst name="xaddr_0_inst")

(

(

(

(

(

(

(

(

(inst name="stop_out_1_inst")
(

(

(

(

(

(

(inst name="xaddr_1_inst")
(

inst name="xaddr_2_inst")




Step 2:
Make router LAXYZ.io(5/5)

(inst name="yaddr_0 _inst")
(inst name="yaddr_1_inst")
(inst name="yaddr_2_inst")
(inst name="zaddr_0_inst")
(inst name="zaddr_1_inst")
(inst name="zaddr_2_inst")
(inst name="clk_inst")

(inst name="reset_inst")
(inst name="vdd_3_inst")
(inst name="vss_3 inst")




Step 3.
Make iopad LAXYZ.tcl (1/9)

.

# Step 1: Setup (File --> Import Design)

H

setUIVar rda_Input ui_netlist ./input_files/router_ LAXYZ.vnet
setUIVar rda_Input ui_timingcon_file ./input_files/router LAXYZ.sdc
setUIVar rda_Input ui_topcell router LAXYZ

setUIVar rda_Input ui_leffile {~/lib/cells.lef ~/lib/iopad.lef}

setUIVar rda_Input ui_timelib ~/lib/slow.lib

setUIVar rda_Input ui_io_file ./input_files/router LAXYZ.io

setUIVar rda_Input ui_pwrnet VDD

setUIVar rda_Input ui_gndnet VSS

setUIVar rda_Input ui_cts_cell list {CLKBUF_X1 CLKBUF X2 CLKBUF_X3}
commitConfig




Step 3:
Make iopad LAXYZ.tcl(2/9)

.

# Step 2: Floorplan (Floorplan --> Specify Floorplan)
#
floorPlan -s 150 150 15 15 15 15

saveDesign ./checkpoints/floor.enc

H

# Step 3: Power ring (Power --> Power Planning --> Add Ring)

#

addRing -nets {VSS VDD} -type core_rings \
-spacing_top 2 -spacing_bottom 2 -spacing_right 2 -spacing_left 2 \
-width_top 4 -width_bottom 4 -width_right 4 -width_left 4 \
-around core -jog_distance 0.095 -threshold 0.095 \
-layer_top metall0 -layer_bottom metal10 -layer_right metal9 \
-layer_left metal9 \
-stacked_via_top_layer metal10 -stacked via_bottom_layer metall




Step 3:
Make iopad LAXYZ.tcl(3/9)

.

# Step 4: Power stripe (Power --> Power Planning --> Add Striple)

H

addStripe -nets {VSS VDD} -layer metal8 -width 4 -spacing 2 \
-block_ring_top_layer_limit metal9 -block_ring_bottom_layer_limit metal7 \
-padcore_ring_top_layer_limit metal9 -padcore_ring_bottom_layer_limit metal7 \
-stacked_via_top_layer metal10 -stacked via_bottom_layer metall \
-set_to_set_distance 50 -xleft_offset 50 -merge_stripes_value 0.095 \
-max_same_layer_jog length 1.6




Step 3:
Make iopad LAXYZ.tcl(4/9)

.

# Step 5: Power route (Route --> Special Router)

H

globalNetConnect VDD -pin VDD -inst * -type pgpin
globalNetConnect VSS -pin VSS -inst * -type pgpin

sroute -nets {VSS VDD} -layerChangeRange {1 10} \
-connect { blockPin padPin padRing corePin floatingStripe } \
-blockPinTarget { nearestRingStripe nearestTarget } \
-padPinPortConnect { allPort oneGeom }\
-checkAlignedSecondaryPin 1 -blockPin uselef -allowJogging 1 \
-crossoverViaBottomLayer 1 -allowlLayerChange 1 -targetViaTopLayer 10 \
-crossoverViaTopLayer 10 -targetViaBottomLayer 1

saveDesign ./checkpoints/power.enc




Step 3:
Make iopad LAXYZ.tcl(5/9)

.

# Step 6: Placement (Place --> Standard Cell)
#

placeDesign -prePlaceOpt

#

# Step 7: Optimization (preCTS) (Optimize --> Optimize Design)
#

optDesign -preCTS

#

# Step 8: Clock tree synthesis (CTS) (Clock --> Cynthesize Clock Tree)

#

addCTSCellList {CLKBUF_X1 CLKBUF_X2 CLKBUF_X3}

clockDesign -genSpecOnly Clock.ctstch

clockDesign -specFile Clock.ctstch -outDir clock _report -fixedInstBeforeCTS
saveDesign ./checkpoints/cts.enc




Step 3:
Make iopad LAXYZ.tcl(6/9)

.

# Step 9: Clock tree check (Clock --> Display --> Display Clock Tree)
#

H

# Step 9: Optimization (postCTS) (Optimize --> Optimize Design)
H

optDesign -postCTS

optDesign -postCTS -hold




Step 3:
¢ Make iopad LAXYZ.tcl(7/9)

NG

# Step 10: Detailed route (Route --> Nano Route --> Route)

H

setNanoRouteMode -quiet -routeWithTimingDriven true
setNanoRouteMode -quiet -routeTopRoutinglLayer default
setNanoRouteMode -quiet -routeBottomRoutinglLayer default
setNanoRouteMode -quiet -drouteEndIteration default
setNanoRouteMode -quiet -routeWithTimingDriven true
routeDesign -globalDetail

#

# Step 11: Optimization (postRoute) (Optimize --> Optimize Design)
#

optDesign -postRoute

optDesign -postRoute -hold

saveDesign ./checkpoints/route.enc




Step 3:
Make iopad LAXYZ.tcl(8/9)

.

# Step 12: Add fillers (Place --> Physical Cells --> Add Filler)

#

addFiller -prefix FILLER -cell FILLCELL_X1 FILLCELL X2 FILLCELL_X4 \
FILLCELL X8 FILLCELL X16 FILLCELL X32

#

# Step 13: Verification (LVS) (Verify --> Verify Connectivity)
#

verifyConnectivity -type all -error 1000 -warning 50

#

# Step 14: Verification (DRC) (Verify --> Verify Geometry)
H

verifyGeometry




Step 3:

3 o

¢ Make iopad LAXYZ.tcl(9/9)
#
# Step 15: Data out (Timing --> Extract RC, Timing --> Write SDF,
# File --> Save --> Netlist)
saveNetlist ./output/router LAXYZ.vnet
isExtractRCModeSignoff

rcOut -spef ./output/router LAXYZ.spef
delayCal -sdf ./output/router LAXYZ.sdf -idealclock

saveDesign ./checkpoints/final.enc




Step 4:

Ran SCnpt execution

Ay

Type velocity —init script/iopad_LAXYZ.tcl to start execute the script

%velocity script/par_LAXYZ.tcl

Type win to start SoC Encounter and visualize the final layout

%velocity script/par_LAXYZ.tcl




Final Layout

mize Clock Route Timing Werify Options Tools Flows Help

HRo &P &bB&IF0EE
1y

5

Your final Chip layout will appear on the main window. Congratulations!



Final Layout

NG

 |f wezoom in, we can
see the connection
established between

the pin, the pad and Pin
the signals wires
connected to the input- |
ports 5
~ Pad

* This figure shows the
pads insertion for VDD,
VSS, and the local
input-port
(data-in 0~11)
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