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IMPORTANT NOTES

This tutorial focuses mainly on the integration
of TSV with 3D-OASIS-NoC router.

It covers the TSV creation, synthesis, place and
route, and LVS and DRC check.

Post layout simulation and pad insertion steps
are not included.

Complete details about the execution of these
two steps can be found in the previously made
technical report [Ref.1].
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Objectives

 After completing this tutorial you will be able to:

Design TSV layout using Virtuoso

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

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

Learn how to make TSV layout, the synthesis and
P&R via:

The CAD Graphic User Interface

Tcl script
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Prerequisite

* Understand the previously made “OASIS 3D-
Router Hardware Physical Design” technical
report [Ref.1].

e Study 3D-OASIS-NoC architecture and its main
components [Ref.2].

 Read the Manual and Release Notes of the
FreePDK3D45 design tool kit [Ref.3] and
understand the aspects of the used TSV
component.
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E? Environment: FreePDK3DA45

* The Process Design Kit used in this tutorials are
obtained from NCSU FreePDK3DA45.

¢ GO to: http://www.eda.ncsu.edu/eda registration.php

 \Verification is required so enter your email
address.

* You will receive an email with a link to download
FreePDK3D45.

e Extract the downloaded archive and copy the
FreePDK3D45 folder in your working directory:
/home/zxp035/3D-TSV/LEF_File



http://www.eda.ncsu.edu/eda_registration.php

Environment: Setup

zxp035@zxp007:LEF File

File Edit View Search Terminal Help
[zxp®35@zxpAAT LEF Filel$ pwd
/home/zxpB35,/30 TSV/LEF File
[2xp035@zxp007 LEF Filels []

Go to /home/zxp035/3D-TSV/LEF_File where the TSV folder is located
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Environment: Setup

zxp035@zxp007:LEF File

File Edit View Search Terminal Help
[zxp035@zxp007 LEF Filel$ emacs FreePDK3D45/ncsu basekit/cdssetup/setup.csh & |:|

Type emacs FreePDK3D45/nscu_basekit/cdssetup/setup.csh &
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Environment: Setup

emacs@zxp007.u-aizu.ac.jp (on zxp007.u-aizu.ac.jp)
File Edit Options Buffers Tools Sh-Script Help

e E X3 m%[ﬁﬁulmll

#

# FreePDK Setup Script #
# 2/23/2008 by Rhett Davis (rhett davis@ncsu.edu) #

if I(-f ${PWD}/.cdsinit
cp ${FOK DIR}/ncsu_bas
endif

if f -f ${PWD}/cds.lib

endif

# Set the PDK DIR wariable to the root directory of the FreePDK distribution
POK_DIR /local/home/wdavis/fp3d/FreePDK3045

# Set COSHOME to the root directory of the Cadence ICOA installatio
COSHOME /fafs/eos/dist/cadence2fB8/ic

# Set the PDK _DIR variable to the root directory of the FreePDK distribution
PDK DIR /home/zxp@35/3D TSV/LEF File/FreePDK3D45

# Set CDSHOME to the root directory of the Cadence ICOA installatio
COSHOME /opt/vdec/Cadence/IC 06.15.011

— cp ${FDK DIR}/ncsu bESEkltfcdSSEtupf{dS lib ${PWD}/cds.1lib |

Change the following paths to link to the FreePDK3DA45 libraries:

- /local/home/wdavis/fp3d/FreePDK3D45-> /home/zxp035/3D TSV/LEF_File/FreePDK3D45

- /afs/eos/dist/cadence2008/ic

- Jopt/vdec/Cadence/IC_06.15.011
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E? Environment: Setup

zxp035@zxp007:LEF File

File Edit View Search Terminal Help
[2xpB35@zxp007 LEF Filel$ tcsh []

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

zxp035@zxp007:LEF File

File Edit Wiew 5earch Terminal Help
[zxp035@zxp007 LEF Filel$ source FreePDK3D45/ncsu basekit/cdssetup/setup.csh |:| (=]

Type source FreePDK3D45/ncsu_basekit/cdssetup/setup.csh 13
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E? Virtuoso: TSV layout steps

zxp035@zxp007:LEF File

File Edit View Search Terminal Help

[2xpB35@zxp0A7 LEF File]$ virtuoso 4 |

Type virtuosoé& to start Virtuoso
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E? Virtuoso: TSV layout steps

Virtuoso® 6.1.5 - Log: /home/zxp035/CDS.log (on zxp007.u-aizu.ac.jp)

ile Jool= Option= Help

Done loading FresPOK customizations,

Loading rte,cxt
. .
- 1T __
nmouse L: M+ R+
1] > 1

Welcome Command Interpreter Window(CIW) 16



E? Virtuoso: TSV layout steps

Done loading FresPOK customizations,

Loading rte,cxt
. )
|_ 1T __
nmouse L: M+ R+
1] > 1

First, we should create a library.
Click Tools->Library Manager
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Stepl: Create library

Library Manager: WorkArea: /home/zxp035/3D_TSV/LEF File (on zxp007.u-aizu.ac.jp)
cadence

File JEdit Wiew Design Manager Help

__ Show Categories — Show Files
View

Library

Cell

LS _test
MCSU_Devices_FreeFDREID45

MCSU_TechLlib_FreePDR3ID45
IS5 _Bths

analogLik

basic

cids DefTechLib

Meszages
Loy file is “homeizzp035530_TSWLEF_FiledibManager log "

i |

18

Click File -> New -> Library



Stepl: Create library

a- lerary hame

Library 1
Mare l TS Jawout] I
Directory |3 homesfzxpD3530_TSVILEF_Files ﬂ i i =
= .
1 FreePDIK3045
[ cets it

D encounter.crd
D encaunter log

1. InLibrary Name, type TSV_layout LYt ers

D liby Mz er Jog

2 . C I | C k O K D libyanager Jog.cdsick

File type:  Directories

Design Manager

® s NONE
Jze Mo DM
P ok ] Aol Cancel Help
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Stepl: Create library
b- Technology file

@ Technology File for New Library (on zxp007.u-aiz X

Techrnology File for likbrary "your_library_name"

You cant w Compile an ASCII techrology File

1 ® Feterence existing techhnology libraries

_ Attach to an existing technology library

~ o not need process information

2 -I Carcel Help

1. Check Reference existing technology libraries
2. Click OK




Stepl: Create library
b- Technology file

B Reference Existing Technology Libraries (on zxp007.u-aizu.ac.jp} X

Mew Likbrary

Technology Libraries

HCSU_Techl ib_FreePIK2045
US_Bths
analozl ik
hazic

jour_library_name

1

Reference Technology Libraries

e

Do

3 Cancel Help

1. Click NCSU_TechlLib_FreeFDK3D45

2. Click -->
3. Click OK
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Step2: Create cell view

Library Manager: WorkArea: /home/zxp035/3D _TSV/LEF_File (on zxp007.u-aizu.ac.jp)
2 File  JEdit  Mew Design Manager Help

cadence

— Show Categories — Show Files

Libraumy Cell View

TSV Jayout

L45_test

MCSU_Devices_FreePDRID45

MCSU Techlib_FreeFDH3045
alf'l

analogLib
hasic
cilsDefTechLib

Messages

Celeting 1 library.

Deleting library TS _lawout”,

Deleted library 'TSY layout’ . Delete of library TSV layout” succeeded,
Deletion of library done.

Created nesw library T3V layout™ at homefz=p035/350 _TSWLEF_FilefT3W_layout.

| o

1. Click TSV_layout
2. Click File -> New -> Cell View to create cell view
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Step2: Create cell view

In File:

- Library: select TSV _layout

- Cell:
- View:
- Type:

Click OK

type TSV_layout
type layout
check layout

_
File
Library 1
Cell
Wiew

Type

Application
Oeen with

1 New File (on zxp007.u-aizu.ac.jp) X 1

LTS"."_laHDut n

TSW_layout

layout

Llagn:uut n

_ Alway=s u=e thiz application for this by

Library path file

l_aHDut L n

Ahome zxpl35E0_TSVALEF _Filedods, 1ib

2 Cancel Help
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Step2: Create cell view

Next License (on zxp007.u-aizu.ac.jp)

ticlic-23) License Virtuoso_Layout_Suite_L ("95300") iz not awvailable to run Layout-L,
v Would you like to try checking out the license Virtuoso_Layout_Suite_ XL ("95310") instead?

Yes fHio HlmagEJ Mewer He lp

Next License (on zxp007.u-aizu.ac.jp)

ey ticlic-23) License Virtuoso_Lagyout_Suite KL ¢"95310%) iz not available to run Layout-L.
v Would you like to try checking out the license Virtuoso_Lagout_Suite_GHEL ¢"95320") instead?

Yes Mo leaag_r Mewer He Lp

In both appeared pop-up messages, click Yes 24



Step2: Create cell view

Library Manager: WorkArea: /horme/zip035/3D TSV/LEF_File (on zXp007,u-aizu.ac.jp).

File Edit Yiew Design Hanager Help

cadence

— Show Cateqories

Library

— Show Files
Cell Wiew

TSY_layout

LWS_test

RlCc L T

HCSU_Dlevices_FreePIKZD45
= reePTE3145

anélngLib
bazic
cdzllefTechl ib

Messages

Log file iz "/home/zxp03530_TSYALEF_FileslibManager.log. 1",

|

Click your library -> Cell -> layout
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g? Step3: Create TSV layout

F

Ed

Launch File Edit Yiew Create WVerify Connectivity

Virtuoso® Layout Suite L Editing: TSV _layout TSV_layout layout (on zxp007.u-aizu.ac.jp)

Options Tools MWindow Optimize HCSU ZDIC Help

L

- 0 X

cadence

- ¢ % 0@ X EQRR|B-I] 5%

I"% <4 g Z?ﬁl:ﬂl;;;}bl EI 2 g » || ¢FiSelect:n S=liN):0 S=l¢I3:0 Selidd:0
| Layers 75’X| -

AV MY RS NS

actiue chrawing n >
"ALL Valid Lauersfg

— U=ed Layers Only

Q 8-

- | Layer|Purpose| ¥ | S

KKK KKK KKK KKK
Kk kKkikKkKikKkKKIKIK|<

-4
e
x

]
a
[
)
0
o+

@

R KKK

K=

ol
C
=
o
m
(]

Ob ject=

Hi-10,8450 Y¥:-9,8575 cdH:

» |Workspace: CL‘SSE—BQ [’=£;|’)

d: x>

imouse L: showClickInfaoll
1¢3) | >

M: dd=Opernl ibManager{

R: _lxHiMousePoplp{:

| ez I

Welcome Virtuoso Layout screen



Step3: Create TSV layout
a- Create TSV instance

F L

Ed Virtuoso® Layout Suite L Editing: TSV _layout TSV_layout layout (on zxp007.u-aizu.ac.jp) -0 %
Launch File Edit Yiew Create |Verify Connectivity Options JTools Window Optimize MCSU 3DIC Help cédence
K @ | "%" |E] ] R C:' |E, | &;] » '”;i » :"3 Y Horkspace; (Classic n Q [’==';|3
|"h -J,_"E g °§h|'~.ozb| !_f’| E,‘f’| ¥ || {F3Select 0 SeliH!:0 Selill:0 Seli0i:0 | H:-10,8450 Y¥:-9.8870 dH: dY: »

| Layers rall-=} Xl -
Ay M RS [R=]

actiue chrawing n >
"ALL Valid Lauersfg

— U=ed Layers Only

Q B-

- | Layer| Purpose| M| 5|

M =... cdru T E

Wr... drw ¥ v

... dru LA

M., drw ¥ ¥

Pavs dru ¥ ¥

Wtz cru ¥ ¥

| =Y ¥ ¥

W:... dru LA

.polg o v ¥

IE‘C,,, drw L

. Wy ., oruw L

. M., Pin » ¥

. m,,., label & o v
Ob jects 7EX

Ok ject. | ¥| 5 P
¥ ¥ =
[
¥ ¥
¥ ¥
¥ ¥
¥ ¥
Ok ject= Guides
imouse L: showClickInfaoll M: dd=Opernl ibManager{ R: _lxHiMousePoplp{:
143 | > | ez I

Click Create -> Instance



Step3: Create TSV layout
a- Create TSV instance

[ Create Instance (on zxp007.u-aizu.ac.jp) x
Library | Browse I\
Cell VIA_Stack_A 1
Yigw layout.
Hames I1
Mosaic Fouws 1 Columns 1
Delta ¥ 2 Delts H 2
Halo » gfine Halo ...

Fhyszical Onll

r

ﬂl Sideways %Upside Down

4 -I Cancel

E l Rotate

Defaults Help

=] Library Browser - Create Instance (on zxp007.u-aizu.ac.jp} - O x
__ Show Categaries
Library Cell View
L'WS_test WA Stack_a layout
m THWE5_test View | Lotk Size
_Devices_FreePDKID4S M2_M1_2A 0 _
MCELU_TechLin_FreePDKID45 M3 _tdz_a 1
TEW _layout W4 _tA3_a, 2
15 _dths M5_tdd_a,_3
analogLib ME_MS_A_4
basic M7 _ME_& 5
s DefTechLib ME_t7_AE
I3
E i
Wla_Stack_B | = =
Wila_Stack_C
Wla_Stack_D
Wla_Stack_E
3 Filters... Display... Help
e e e e

Click Browse

Click LVS_test -> VIA_Stack_A
Click Close

Click Hide

BN e
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Step3: Create TSV layout
a- Create TSV instance

Ed Virtuoso® Layout Suite L Editing: TSV_layout TSV _layout layout (on zxp007.u-aizu.ac.jp) -0 x

Launch File Edit View Create Verify Connectivity Options Jools Window Optimize HCSU ZDIC Help cé[[ence

= G 5 & |¢%€> I]_-:] Li.l x g |::;| I3 | &;] pes 'v;( 3 :IE e Workspace: Claszsic nle‘U @j

I"r[% <2} g Z?ﬁm';l}bl (vl B9 4 » || tF3Select:0 SeliMii0 SeliId:0 Seliliu] X:2.0625 Y:2.03759 dH:-1.8325 »

| Layers 78 X|
AY Hy AS NS
B sctive draving n -

ALl Valid Layersfg

— Uzed Layers Only

Q,

- | Ladyer| Purpose)
I =... cdru
... dru
Wr... drw
Faov. dru
Ba.. dru
Wtz dru
W .th dru
Wt... drw
.pc\lg clirw
Cua. drw
Wo... dr
. Mes. Pin

... l=bel

4]
1

KEKKEKKEKEKREREKIK [<|n

Kk KKK KREKRIRR|K|=

4
Th
>

Ob jects

Object. |
B Shapes
¢ i-Circle...
Donut.
Lakel
Path

KKK Kol

@

KKK K=

Ob jects Guide=
imouze Li Enter Point M: Togele LI0 KA E: Pop-up Menu
13{15}) | Point at the first point of the ruler: Cmcd: Ruler J

Click point(X: 2.0625 Y: 2.0375).
You may use the ruler in the toolbar for precision



Step3: Create TSV layout
a- Create TSV instance

Edit Instance Properties (on zxp007.u-aizu.ac.jp)

0k, | Cancel | Apply | PRy, | gty i g

# (ttribute - Connectivity - Forsestor e Property e ROD - 85 S S
Library L".I'S_tESt.E
Cell WIA_Stack_f
Yiew layout
Origing ¥ 1 IEJEﬁ i 2 2,0%
MName 1% Rotation R —
Lanll b Mo Placement Status none  —

TR Halo. .. |

1. InOrigin: X type 2.03
2. InOrigin: Y type 2.03

Right click on the created VIA_Stack_A, and click Properties
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Step3: Create TSV layout

b- Create input pin

Ed Virtyoso® Layout Suite L Editing: TSV _layout TSV layout layout (on zxp007.u-aizu.ac.jp) - O x

Launch File Edit Eieu'\."er;FH Connectivity Options JTools Hindow Optimize HMCSU 3DIC Help cé dence

V= G 3 @ |¢%¢’ @ Li_l -4 R I:::I I3 | &;] » 'w;{ £ :"O“ e n MWorkspace: |Classic BE @3

|"[‘¢ '-\-HE g 05& | '~£| E| E,'_[_¢3‘| 3 # || (FiSelect:0 SeliH}:0 Seli{ll:0 Seli0i:0 | H:0,5925 Y:1,6025 dH:-1,5075 »
| Layers rdll-} X|
A M RS M5
Active: .metall pin n >
Show: |V ALL ¥alid Layerf@ &
Scope: _ Used Layers Only
Search: Q n >
Layer | Purpose | M| 5|
B active drawing v ¥ =
|
|:|pwell drawing L
W=l drawing L
. nimplant. drawing ¥ ¥
. pimplant  drawing ¥y v
drawing ¥ ¥
drawing ¥ ¥
W thkox drawing v
.pc\ly drawing L
IE contact  drawing L
1 11 #. INE RN vl v ]
metsll pin LM |
——t R =
Ob jects 7|8 x|
Ohb ject. | ¥ | S [P
¥ ¥ =
| -
¥ ¥
¥ ¥
¥ ¥
¥ ¥
Ok jects Guides
mouse L3 Enter Point M: Toggle L90 XA Ri Pop-up Menu
12415} | Point at the first corner of the pin: Cmcd: Pin J

1. Click metall pin
2. Click Create -> Pin
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Step3: Create TSV layout
b- Create input pin

Create Shape Pin (on zxp007.u-aizu.ac.jp)

Cornectivity 1 ® —trong o weak

Terminal Mames IH Physical Only
— Kesp First Mame  y pitch 0 Y Pitch O

— Dizplay Terminal Hame =play Terminal MHame Option,

. — LCreate a=z RFOD Ob ject
Terminal Names — IN

Mode - rectangle Hame rectO

|/0 Type = input 5

Click Hide Mol & rectangle | dot o polygon o circle o auto pin
I/0 Type 3 & input] o output o inputOutput o switch

~ Jumper o unuszed o tristate

Shap Mode orthogonal n

Access Direction o Top o Bottom o Left o Right

¥ Any _ Hone

4 le Cancel | Help
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Step3: Create TSV layout
b- Create input pin

Virtuoso® Layout Suite L Editing: TSV _layout TSV _layout layout (on zxp007.u-aizu.ac.jp)

Launch File Edit Wiew Create Verify Coprectivity Options Jools MWindow Optimize MCSU 3DIC Help cadence

(™~ ? C |¢% O ¥ __"'R: ] %|I':|;"J » | » :IE 2 » |Horkspace: CLiISS.LC—nEL [z=£|0
Uy <) & & | Q14X
Layers il X|
AY M AS k=]
active drawing n hd
ALl Valid Lavershg (@

— U=zed Layers Only

Q B-

|- | Layer| Purpose| ¥ | S

L
L
L
L
L
L
L
L
L
L
L
L
L
78 X
[xesd
¥ ¥ =
¥ ¥
L
L
L
Guides
mouze Li mouseAddPt it M: cmodlptiont ) E: _lxHiMouzePoplpd
13153 | Point at the opposite corner of the selection hbox area: Cmd: Select  Box

Click point(X:3.06 Y: 3.06)




Step3: Create TSV layout
b- Create input pin

Virtuoso® Layout Suite L Editing: TSV _layout TSV _layout layout (on zxp007.u-aizu.ac.jp)

Launch File Edit View Create Verify Connectivity Options Jools Window Optimize HMCSL ZDIC Help cé dence
. T 0 % B =& § ke ab . - n = (G
! G 3 € |G%b |]___:] (g e G ||:| | Gl = (|l = e — » |Horkspace: |Classic Q i
[y <3} 52 &4 | @l O B » || (FiSelect:0 SelMi:0 Sel{I}:0 SeliD::0 | f:d,0600 ¥:1,0000 HH:0,0000 »
3 T i=l Ll 3
Layers il X|
AY MY RS M5
Active: . metall pin n -
Show: |V ALL Valid Lauerf@

Scope: _ Used Layers Only

Search: Q n hd
~ |  Lawer | Purpose | V| 5|
B sctive drawing ¥ ¥ a8
|:|puell drawing ¥ ¥ I~
W=l drawing Ll
nimplant  drawing ¥ ¥
pimplant  drawing L
W e chrawing LA
. wth drawing vy v
[ thkox drawing L
.polg drawing ¥ ¥
W contact  drauing ¥ ¥
metall drawing ¥ W
metall pin W I
metall lakel L b
Ob jects il X|
Ol ject. | %] 5]
E-Sh v v 2
P ¥ v
¥ v
L)
L)
HE I W vl
Ok ject= ~ Guides
mouze L: Enter Point M: Toggle LI0 HAY R: Pop-up Menu
13¢15> | Ernter the terminal name of the pin or click on the pin figure for creating a strong connect ping | Cmd: Pin J

Drag the pointer to point(X:4.06 Y: 1.00) and click




Step3: Create TSV layout
E? b- Create input pin

3 L Edit Rectangle Pin Properties

] | Cancel | Apply | Pl |u,=|

Sl HT

& fttribute - Conmectivity ~ Fordsstar s Property o 830 .0 0

Layer 1 ||‘|meta11 ||:-r'| | » Layer Filter
2
1. Select metall pn Left 3. 08 Bottom il
2. Type i :
Righ 4,08 T 305
Left: 3.06 a %
Right: 4.06 Width 1;5' Height 2,08
Bottom: 1 o e ore |
ACEMER atus
Top: 3.06
3. Click OK Fin Name P
Terminal Mame N

Right click on the created Input pin and click Properties 35



Step3: Create TSV layout
b- Create input pin

Virtuzso® Layout Suite L Editing: TSV _layout TSV _layout layout (on zxp007.u-aizu.ac.jp)

Lauwnch File Edit View Create [Verify Copnectivity Options JTools Window Optimize HMCSU ZDIC Help cadence
. T 0 % B =& § ke ab . - n = (G
! G 3 € |G%b |]___:] (g e G ||:| | Gl = (|l = e — » |Horkspace: |Classic Q i
[y <3} 52 &4 | @l O B » || (Fi5elect:0 Sel(Nis0 Sel(T):0 Sel(03:0 | ¥:4,0600 ¥:1,0000 dH:0,0000 »
L, ' =l 19
Layers il X|
AY MY RS M5
Active: . metall pin n -
Show: 7 all Valid Lagern H

Scope: _ Used Layers Only

Search: Q n hd
~ |  Lawer | Purpose | V| 5|
B sctive drawing ¥ ¥ a8
|:|puell drawing ¥ ¥ I~
W=l drawing Ll
nimplant  drawing ¥ ¥
pimplant  drawing L
W e chrawing LA
. wth drawing vy v
[ thkox drawing L
.polg drawing ¥ ¥
W contact  drauing ¥ ¥
metall drawing ¥ W
metall pin W I
metall lakel L b
Ob jects il X|
Ol ject. | %] 5]
E-Sh v v 2
P ¥ v
¥ v
L)
L)
HE I W vl
Ok ject= ~ Guides
mouze L: Enter Point M: Toggle LI0 HAY R: Pop-up Menu
13415} | Enter the terminal name of the pin or click on the pin figure for creating a strong connect ping Cmd: Pin J

Click Create -> Pin




Step3: Create TSV layout
b- Create input pin

B wNe

Type IN

Check rectangle
Check input
Click Hide

Create Shape Pin (on zxp007.u-aizu.ac.jp)

Cornectivity 1 ® —trong o weak

Terminal Mames IH Physical Only
— Kesp First Mame  y pitch 0 Y Pitch O

— Dizplay Terminal Hame =play Terminal MHame Option,

— LCreate a=z RFOD Ob ject

MHame rect
Mode 2 ® rectangle |o dot o polygon o circle o auto pin
I/0 Type 3 & input] o output o inputOutput o switch

~ Jumper o unuszed o tristate

Shap Mode orthogonal n

Access Direction o Top o Bottom o Left o Right

¥ Any _ Hone

4 le Cancel | Help
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Step3: Create TSV layout
b- Create input pin

Virtuoso® Layout Suite L Editing: TSV _layout TE‘U_Iayout la

Launch File Edit Yiew Create Verify Copnectivity Options Tools MWindow Optimize HCSU Z0DIC Help cé[[en(e
= J 3 © | G%" 0 m % . .“'R: & |% | B » [|& » :E 2 » |Workspace: [Classic n = @0
Lrhy Eu g 1951'%|';L;b| Ty G5 4 » || (FiSelect:0 SeltMi:0 Sel(Ii:0 Sel0i:0 | H:d,0600 v:1,0000 kH:0,5125 »
Layers 7E X| =
A R &S] H5
Active: . metall pin n hd
Show: |V ALL Valid Layerf@ @
Scope:r _ Used Laysrs Only
Search: O n -
| Layer | Purpose | ¥ | S5|
B =ctive dhrawing ¥ ¥ =
-
ijwell drawing LA
I:‘rwell drawing LA
rimelant  dirawing ¥
pimplant drawing L
. vt crawing v ¥
W -t chrawing LA
Ii‘ thkos clirawing » W
.F‘DlH crawing L
M cortact  drawing L
netall dirawing LA
netall pin ¥ W |
metall lakel L L
Ob_jects il X|
Ok ject. [T
¥ ¥ =
-
¥ ¥
¥ ¥
¥ ¥
¥ ¥
Ok jects Guides
imouze L: Enter Point M: Toggle LSO HAY R: Pop-up Matu y
134153 | Point at the first corner of the pin: Cumd: Fin J

Click point(X:4.06 Y: 1.00)



Step3: Create TSV layout
b- Create input pin

Virtuoso® Layout Suite L Editing: TSV _layout TSV_layout layout (on zxp007.u-aizu.ac.jp)

Launc File Edit ¥iew Create erify Connectivity Options Tools KWindow Optimize Help 3
L b File Ed W C Verify G o] Tools Hind 0 MCSU ZDIC Hel cadence
- P © Lo % ,“-g: ':,:' = @ » "-{- » ||k e o Workspace: (Classic = [
| [+] -
L 7& :dﬂ 4? ?ﬂ% |kﬂb| £;°| E¥°| B (FiSelect:0 SeliMiz0 Selilr:0 SeliOi:( | BH0,0000 ¥:0,0000 jH:-d, 0600 »
7l &7 3 A =i 0

Layers il Xl

AV Ny RS HS
Active: [ netall pin n A
Shows 7 ALL Yalid Layern H

Scoper _ Used Lagers Only

Search: Q n >
[.5]

~|  Lawer | Purpose |
drawing
cirawing
drawing
drawing
drawing
drawing
drawing
drawing
dirawing
drawing
drawing
Pin
label

(M

KKK K KKKIKIEKI[ KKK K|=
KK £ K KKIKIKIKIKIKK

Ob jects
Ok ject

~
h
1LY

LRk K K=

(R K KK ;m

L]

Ob jects \ Guides
'mouse L3 Enter Point M: Toggzle L5900 XA F1 Pop-upe Menu
13(15)' Foint at the oppozite corner of the ping | Cmd: Pin J

Drag the pointer to point(X:0.00 Y: 0.00) and click




Step3: Create TSV layout
b- Create input pin

1.
2.

3.

Edit Rectangle Pin Properties

mmmmmm

o
BeBoeafe . ofatr HH TR
PRt T BT

Layer 1 |i|meta11 o | = Layer Filter ;

2
Select metall pn e 5 — -
Type : v
Right 4,0E T 1
L eft: 0 e i
Right: 4.06 idth 4,08 Height {
BOttom: O Placement Status hone - |
Top: 1
Click OK Pin Mame P__1

Terminal Mame I

Right click created Input pin and click Properties 40



Step3: Create TSV layout
b- Create input pin

Virtuoso® Layout Suite L Editing: TSV _layout TSV layout layout (on zxp007.u-aizu.ac.jp)

Launch File Edit Yiew Create Verify Copnectivity Options Tools MWindow Optimize MCSU 3DIC Help céden(e
- G P | c%:’ N RIF 4 : l“-E: '::' |E| | L"—I;"‘,'J » L;{ » :“5 2% » |Workspace: Classic n E’ @0
Ay <8 & & | Q4 &x T » | (F)Select:0 Sel(N):0 5el(ID:0 Sel(0):0 | H:-0.1150 ¥:3,3325 dH:-4,1750 »
Layers el = Xl =
A R &S] H5
Active: . metall pin n hd
Show: |V ALL Yalid Layerfg @
Scope: _ Used Laysrs Only
Search: Q n &7
~| Layer | Purpose | V| S5|
B sctive dhrawing ¥ ¥ =
-
|:|pwell drawing LA
I:‘rwell drawing L
rimplant  dirawing ¥
pimplant  drawing ¥ ¥
. vt cirawing v ¥
W -t chrawing LA
IE thkox crawing ¥ ¥
.F‘DlH chrawing L
M cortact  drawing L
netall dirawing ¥ W
metsll pin ¥ W |
metall lakel L
Ob_jects il Xl
: Ob ject. [T
EHShapes ¥ ¥ =
H H -
P ¥ ¥
¥ ¥
¥ ¥
¥ ¥
Ok ject= ~ Guides
mouse Li Enter Point M: Toggle LSO HAY R: Pop-up Menu

134153 | Point at the first point of the rulers Cmd: Ruler J




Step3: Create TSV layout
c- Create path

Virtu=o® Layout Suite L Editing: TSV_layout TSV _layout layout (on zxp007.u-aizu.ac.jp)

Launch File Edit View erify Connectivity Options Tools Hindow Optimize HMCSU 30IC Help cé dence
= | » | %9 G [ & i |= | &ﬂ » \:{ » :IS 2 » |Workspace: (Classic n Q @0
Ly <5} g S | Q4 Gxl T » || (FSelect10 SeltNI10 SeliI}i0 SeliD¥:0 | #:-0,1900 ¥i3,1950 dii-d,2500 »
Layers E -
A H A5 H5
Actives: . metall drawing n >
Show: |V ALL Valid Layerf@
Scope: _ Used Layers Only
Search: Q, n 7
~| Layer | Purpose | V[ S|
B =ctive drawing LAY =
[ =N drawing ¥ v
W o=l drawing v
nimplant drawing ¥ ¥
pimplant  drawing A
. b crawing ¥
. uth crawing ¥ W
IE‘ thkoo drawing ¥ ¥
1 .polg drawing LA
= T —
metall drawing ¥ W
=] B ir ¥
. metall lakel »
Db jects 78X
: Ok ject RS
& Shapes ¥ (=
H : b
i i CirclefEllipse LA
¥ ¥
¥ ¥
¥ ¥
L T o I ey o . d
Db ject= ! Guides )
mouse Li Enter Point My Toggle L9O KA F: Pop-upe Menu
12{153 | Point. at the first point of the rulers Cmcd: Ruler J

1. Click metall drawing
2. Click Create -> Shape -> path



Step3: Create TSV layout
c- Create path

Virtuoso® Layout Suite L Editing: TSV _layout TSV_layout layout (on zxp007.u-aizu.ac.jp)

Launch File Edit View Create Verify Connectivity Options Tools Hindow Optimize MCSU 3DIC Help cadence
K G 3 @ |"%" Il_-.1] ] ¥ R '::' |E| | &}] » \-{ » :"a ey Workspace: Classic na @0
Ly 49 & 4 | QM Lxl ¥ 4 » || (FiSelect:l Sel(M)m Sel(Iiil Sel{0):0 | H:2.0655 v:2.0375 HHi-0.6125 »
Layers 78 Xl =
A R RS H5
Active: . metall drawing n -
Show: |7 ALL Valid Layerfi@ @
Scope: _ lUsed Laysr=s Only
Search: Q n -
| Layer | Purpose | ¥ | S5
clrauwing ¥ =
bt
drawing LA
drawing L
drawing ¥ ¥
crawing L
drawing LA
drawing L
drawing ¥ ¥
clrauwing LA
drawing o W
clrawing L4 !l
pin ¥ ¥
label L
Db jects 78 x|
: Ok ject [HIEEET
& Shapes W W (=
H H b
i i Circle/Ellipse LA
¥ ¥
¥ ¥
¥ ¥
Ob ject= Guides )
imouse L: showClickInfodl} M: leHiCrestePath{} RF: _lxHiMousePoplp !} .
13015 | > | Cudz J

Click point(X: 2.0625 Y: 2.0375)




Step3: Create TSV layout
c- Create path

Virtuoso® Layout Suite L Editing: TSV_layout TSV _|layout layout (on zxp007.u-aizu.ac.jp)

Launch File Edit WYiew Create Verify Connectivity Options Tools Hindow Optimize HCSU 3DIC Help cadence

- G Y i |%’ @ L;.I x R |::;| |E| | @ 2 '\:n’\ 3 :S I_ » |[Workspace: Cla=s=ic na @0

[y <3 &2 & | @ 4n B » || (FiSelectil SeltHr:0 SelIjil Seum:olx:q‘oeoo 12,0375 Ifx:1‘99?5 »
i X' ="' 1' 5

Layers el x|

A H As RS
Active: .metall drawing n A
Shou; 7 all Yalid Lager‘ﬂ H

Scope:r _ Uszed Layers Only
Search: O

1

~ |  Lawer | Purposs |
drawing
crawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
crawing
pin
lakel

Kl KKK K KKK K Ko

@

KKl KKKKRKIEKI€K < [<|=

0b jects

) Ok ject
E}-Shapes
i Circle/Ellipss

)
M
%]

LR KK =

iR K e

L]

Guides

mouse L Enter Point M: Togzle L0 X/ RF: Pop-up Menu
13(15}| Foint at the rnext point of the path: |Emd: Fath []

Drag the pointer to point(X:4.06 Y: 2.0375) and double click



Step3: Create TSV layout

c- Create path

Edit Path Properties (on zxp007.u-aizu.ac.jp)

3| 0K |E 1|F|pp15| ...... | -

W Attribute - CONNECLIVItY o Bor smntor e Property .- 83 o B
Layer 1 I:im » Layer Filter |:
o |((2.0625 2.008) (4.06 2.07)}
2 Poirts |(2.0625 2,0375) (4,06 2,0375) }
Width |U+C'E§ Booyny Babeseyon |¢§
Tupe truncate — | Foed Eabenoion |¢§
Foute Status horms 1 Fart of a Route |FI’-‘|LSEE

1. Select metall dg

2. Type
Points: (2.0625 2.0375) (4.06 2.0375)
Width: 0.065

3. Click OK

Right click on the created path and click Properties

45



Step3: Create TSV layout
d- Create output pin

Virtuoso® Layout Suite L Editing: TSV _layout TSV_layout layout (on zxp007.u-aizu.ac.jp)

Launch File Edit Viewd Create Verify Connectivity Options Jools Hindow Optimize HCSL 3DIC Help cadence
— P |c{}o 0 x 20 | @ » | » :IE 2% » |Workspace: |Classic n':E\\._J @o
hy < 8 & | @ 4 B8 » || (F)Select:o SeliM):0 Sel(I}:0 Ssl0):0 | ¥:-0,2250 ¥:1,8050 di:-4,2850 »
) e A Ul
Layers
Av Wy As NG
Active: ™ pin n hd
Show: |V ALL Valid Lauerfi@ &

‘ ScuEe: __ U=ed Layers gnlg
Search: G TM

_1?"

- | Layer | Purpose | V|
™ chrawing v v [
ERE pin ¥ ¥
ahe ¥ ¥
TM_A drawing ¥ o
& A pin Y —
T™_A label v ¥
TH_E drawing ¥ ¥
& TH_E pin ¥ ¥
TM_E lakel v ¥ A
TH_C crawing v
™_C pin ¥
TM_C label ¥ ¥
™_D drawing ¥
Ob jects 78X
Ok ject R
v ¥ =
v v
L
L
L
Ok ject= \ Guides )
mouse Li Enter Point M: Togzle L9900 HAY F: Pop-up Menu
13415} | Point at the first corner of the pind Cmd: Pin J

1. Click TM pin
2. Click Create -> pin




Step3: Create TSV layout
d- Create output pin

L Create Shape Pin (on zxp007.u-aizu.ac.jp) x

Connectivity 1 2 =trong o weak

Terminal Names ‘_m Physical Only—
— keep First MHame  w pitch o ¥ Pitch O
— Display Terminal Hame =play Terninal Hame Option.,
— Create a= ROD Ob ject
1. Type OUT
2. Check rectangle Name rectd
3. Check output 5
4. CIICk Hide Modle 2 rectangzle | o dot o polyzon o circle o auto pin

I/0 Type 3 W 1lnput o inputOutput o =witch

o Jumper o unuzed o tristate

Shap Mode orthogonal n

Aoccess Direction o Top o Bottom o Left o Right

¥ Any _ Mone

4 m Cancel Help

47




Step3: Create TSV layout
d- Create output pin

Virtuoso® Layout Suite L Editing: TSV _layout TSV_layout layout (on zxp007.u-aizu.ac.jp)

Launch File Edit Yiew Create Yerify Connectivity Options Tools HWindow Optimize HCSU Z0IC Help (é dence
P Els |4 0 MMX2Q B[ »|Q » M 2 » |Hrkspace: [Classic BEY &G
|"h -;_HE g °£_[%|'\f| :_f“| E,‘f’| » || {F)Select:l SeliMi:0 Sel(Ir:l Seli0r:0f H:1,0325 Y¥:3,0300 0, 0000 2
Layers 7a X| >
A [kt AS H5
Active: ™ pin n >
Show: |V ALL Valid Layerfg @
Scope: _ Used Layers Only
Search: @ TH n -
Layer | Purpose | W[ S|
drawing ¥ W
pin v |
Label L
™_A drawing A
T™M_A pin ¥ ¥ =
TM_A lakel ¥ ¥
TH_E drawing L
TH_E fin A
TM_E lakel ¥ ¥
™_C clrawing ¥
TM_C pin ¥ ¥
TM_C label ¥ ¥
TH_D chrawing TN
Ob jects 7RI
: Ok ject. [T
EH Shapes ¥ oW [=
H H (-
; ¥ ¥
¥ ¥
¥ ¥
¥ ¥
b jects Guides )
mouse L3 Enter Point M: Toggle L90 HAY R: Pop-up Menu
12{153 | Point at the opposite corner of the pind Cmd: Pin J

Click point(X: 1.03 Y: 3.03)




Step3: Create TSV layout
d- Create output pin

Virtuoso® Layout Suite L Editing: TSV _layout TSV_layout layout (on zxp007.u-aizu.ac.jp}

Launch File Edit WYiew Create Verify Conrnectivity Options Jools Window Optimize MCSU 3DIC Help cadence

¥ G P |“%" O [ % ._"-R: '::l |% B » l«;{ » :"3 2 » |Harkspace: [Classic n |=E|u @0
T § % Q10

Layers 75 X|
AY M AS M5
Active: ™ pin n >
Show: |V ALL Valid Layerf@

Scope: _ Used Laysrs Only
Search: Q, TH n v
Laysr | Purpose | V| 5|
drawing » W
pin M il
lakhel » W
TH_A drawing ¥ o
T™M_A pin W W=
& ™_A label ¥ v
TH_E drawing vy v
THM_B pin v ¥
THM_E lakbel ¥ v L
TM_C drauing LA
TM_C Fin L
[ ™_C label ¥ v
[ ™_o drauing ¥ ¥
Db jects rdll=lho
Db ject. [ ST
L —
b
L)
¥ v
vV v
vy v
Ob ject= Guides )
imouse L: Enter Point M: Togzle L90 HAY R: Pop-up Menu .
136152 | Point at the opposzite corner of the pin: | Cmd: Pin J

Drag the pointer to point(X:3.03 Y: 1.03) and click



Step3: Create TSV layout
E? d- Create output pin

Edit Rectangle Pin Properties (on zxp007.u-aizu.ac.jp)
Ok | Lancel | Apply | it |s|

Layer Layer Filter Il
2
1. Select T™M pn Left 1.0% Bottom 1.0%
2. Type
| eft: 1.03 Right. 2.0% Top 3.0%
Right: 3.03 Width Z Height 2
Bottom: 1.03
Top_ 3.03 Flacement Status none  — |
3. Click OK Pin Mame P__Z
Terminal Mame auT;

Right click created Output pin and click Properties 50



g? Step3: Create TSV layout

-

-
Ed Virtuoso® Layout Suite L Editing: TSV _layout TSV layout layout (on zxp007.u-aizu.ac.jp) -0 X
Launch File Edit Yiew Create Werify Conpectiwvity Options JTools Hindow Optimize MHCS 30DIC Hele cadence
] W™ 3 € | G%b L @ % . .”-E: ) |% | & » [|Q = :IB 2 » |Workspace: [Classic n = @0
[r, <23 &2 o | G ¢ G » || (FySelect:0 SsliMis0 Ssl{I}:0 Sel(03:0 | H:-0.1575 Y:3.3525 di:-1.1910 »
| Layers el Xl -
AV HY AS MS
Active: ™ pin n A
Show: |V ALl ¥alid Layerfg &
Scope: _ Used Layers Only
Search: O TH n -
Laysr | Purpose | V| 5|
drawing o W
pin v |
lahel o W
TM_A draving @ ¥
& ™A pin ¥ ¥ |=
TM_A label ¥ v
TM_B draming o ¥
TM_E pin ¥ v
TM_E label v v
TM_C drawing o ¥
THM_C pin ¥ v
THM_C label ¥ v
TM_T drauing LA
Ob jects el 1
Ok ject. [
¥ ¥ =
Cirele/Ellipse o ¥
Dot LA
Label LA
Path LA
O ject= Guides )
Umouse L3 Enter Point M: Togzle L90 XAY Ri Pop-up Menu
12415} | Point at the first point of the ruler: Cuwd: Ruler J

The TSV layout is completed.
Click the Save Icon



Step4: Export LEF

Virtuoso® 6.1.5 - Log: /home/zxp035/CDS.log (on zxp007.u-aizu.ac.jp)

oolz Optionz Help

Done loading FreePIE custonizations,
Loading rte,cxt

- B
Hy 1]

mouze Lt M

1] >

Click File -> Export -> Lef to create lef file

52



Step4: Export LEF

r r B - 7
= Virtuoso(R) LEF Out (on zxp007.u-aizu.ac.jp) x 3 B Select Cells (on zxp007.u-aizu.ac.jp) x
LEF File Hames 1 TSY, lef nn ;E- g— -g
Wty M2_M1_A_D
M3_MZ_A_1
Likbrary Hame LWS_test n MA_MZ_R_2
5 2 ME_Md_A_Z
® cells U celllist File / HE_M5_A_d
M7_ME_A_G
Output. Cellis) ﬂg‘ﬂg‘g‘?
TH_M10_A_2
Cell List Fil VIA_Stack_A
= e —_— VIA_Stack_E
it Wiaraia VIA_Stack_C
Ltput Yiewis VIA_Stack_D
— VIA Stack E
Log File Hame
LEF Yerzion 3.7 Mo Techrology _
Output. Technology Information Onle
Gernerate Cell List File Byl Cells in Design
4 - Cancel Select ALL Deselect ALL Help
w U=ze Template File & lUze GUI Fields
Template File Hame
Save Template File Hame Save . In LEF Flle Name, Type TSV-IEf
L s
@ Corcel ) Defeults ) Aeply ) Help . Click on Output Cell

1
2
3. Click INVS_test
4. Click OK
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Step4: Export LEF

= Select Views (on zxp007.u-aizu.ac.jp) X
r - shetract
= Virtuoso(R) LEF Out (on zxp007.u-aizu.ac.jp) x sbstract ext
LEF File Hame TSV, lef P %
Library Name LVS_test n

& cells o celllist File

Output Cellis? IMYS_test P

— /
Cell List File P

Output Viewis?

Log File Hame 1
LEF Versicm 5.7 Mo Technology
Output. Techrology Information Onloe
enerate Cell List File Bl Cells in Design | E Cancel )\ Select ALL | Deselect ALL | Help
w U=z Template File & Usze GUI Fields 1 CI e
: ick on Output View
Temnplate File Hame 2 CIICk Iayout
Sawe Template File Mame e Save 3. Clle OK

m Cancel Defaults Apply Help
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Step4: Export LEF

LEF File Mames TS, Lef] Ry
Likrary Hame LWS_test n

& cells L ocelllist File
Output. Cellis? IHVS_test Ry
Cell List File ey
Output. Yiewi=z? layout. Ry

Log File Mame
LEF Yerszion 5.7 Mo Techrology
Output Technology Information Onle

Generate Cell List File Bu| Cells in Design

w =2 Template File ®& Usze GUI Fields

Template File Hame

Save Template File Hame ve e Save
— ——

m Cancel Defaults A Ly Help

Click OK



Step4: Export LEF

C | Virtuoso® 6.1.5 - Log: fhome/zxp035/CDS.log (on zxp007.u-aizu.ac.jp)
E

ile Tools Options Help EEdEI’ICE

Hozt Mame § z«pll7,u-aizu.ac, jp
Directory Fhome fzxp030Z0_TSYALEF _File
IE Verzion: 20110110 (513
CADEMCE Design Suystems. Inc.

*
*
+
*

Furning: lefout -lib LWS_test -cells "IMVS_test" -views "lagyout" -lef AonedzxapQ35A0_TSWVALEF_FilesTSV, lef

WARMIMG: (OALEFDEF-50144 ) HOMDEFAULTRULE wirtuosolDefaultExtractorSetup: LAYER wia®: inwvalid definition, Th
WARMIMG: <0ALEFDEF-900163: Design IMVYS_test layout does not have a snapBoundary, Searching for a prBoundary
WARMIMG: <0ALEFDEF-900173: Design IMWS_test layout does not have a prBoundary, Searching for a layer-purposs
WARMIMG: (OALEFDEF-900121* Mo shape on laysr purpose pair found in the design INVS_test lagout, The ORIGIM.

Elapzed Time: 1.9=

lefout tranzlation completed (errocg; O.) warnings: 41,

~ I =

.
= L PopUp Message (on zxp007.u-aizu.ac.jp)

imouze L showClickInfod !

R

[i] Fleaze =zee the loz file,

m Carcel Helg

o4

lefout translation completed (errors] 04 warningsz: 4».,

TSV.lef is exported without any errors.
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3. Modify lef file
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Modify lef file

zXp035@zxp007:LEF File

File Edit View Search Terminal Help
[zxp035@zxpBOT LEF Filel$ emacs TSV.lef & |:|

Type emacs TSV.lef &

58



Modify lef file

Before

_
& emacs@zxp007.u-aizu.ac.jp (on zxp007.u-aizu.a - O X
File Edit Options

|_|'§'% E

VERSION 5.7 ;]
BUSBITCHARS "[1" ;

DIVIDERCHAR "/" ;

Buffers Tools Help

% B

PROPERTYDEFINITIONS
MACRD lastSavedExtractCounter INTEGER ;
END PROPERTYDEFINITIONS

UNITS

DATABASE MICRONS 20800 ;
END UNITS
MANUFACTURINGGRID 0.0025 ;
LAYER OVERLAP

TYPE OVERLAP ;
END OVERLAP

LAYER active
TYPE MASTERSLICE ;
END active

-

After
r@ emacs@zxp007.u-aizu.ac.jp (on zxp007.u-aizu.a - O X
File Edit Options Buffers Tools Help
N 8EX ¥ «EFEHMA-v

VERSION 5.7 ;]
BUSBITCHARS "[1" ;
DIVIDERCHAR "/" ;

PROPERTYDEFINITIONS
MACRO lastSavedExtractCounter INTEGER ;
MACRO FE CORE BOX LL X REAL ;
MACRO FE CORE BOX UR X REAL ;
MACRO FE CORE BOX LL Y REAL ;
MACRO FE CORE BOX UR Y REAL :

e —

END PROPERTYDEFINITIONS

T

UNITS

DATABASE MICRONS 2000 ;
END UNITS
MANUFACTURINGGRID 0.08025 ;

LAYER OVERLAP
TYPE OVERLAP ;

ChiN MWICDI AD

Add codes in red rectangle 59

-



Modify lef file

Before After
IZ  Laver ™
TYPE ROUTING ; .
DIRECTION HORIZONTAL ; & emacs@zxp007.u-aizu.ac.jp (on zxp007.u-aizu.a - O X
PITCH 2 2 ; , ,
WIDTH 8.8 File Edit Options Buffers Tools Help
SPACING 0.8 ; 0 =
SPACING 0.8 SAMENET ; L = X E . % 2 2. T
END THM (A]  SPACING 0.88 ;[]
—_— .
LAYER VDN ENEISEE 9.8 ;
TYPE CUT ;
SPACING § ; LAYER TH
Eﬂglggz 6 ; TYPE ROUTING ;
DIRECTION HORIZONTAL ;
. PITCH 2 2 ;
: p— # WIDTH 0.8 ;
SPACING 0.8 ;
LAYER VTT E SPACING 0.8 SAMENET
TYPE CUT ; END TM
SPACING 6 ; .
WIDTH 6 ; VIA M2 M1 via DEFAULT
END VTT E LAYER metall ;
- — RECT -08.0675 -0.0325 0.0675 0.0325 ;
VIA M2 M1 via DEFAULT LAYER wial ;
LAYER metall : RECT -08.0325 -0.0325 0.0325 0.0325 ;
RECT -0.8675 -0.8325 0.0675 0.0325 ; LAYER metal2 ;
LAYER vial ; mTOT noMnT R oacTmon onnn oa aeee
RECT -0.0325 -0.0325 0.0325 0.0325 ;
LAYER metal2 ;
RECT -0.035 -0.0675 0.035 0.0675 ;
END M2 M1 via

Delete codes in a red part 60



Modify lef file

Before After
VIA M1@ M9 via DEFAULT VIA M18 M9 via DEFAULT
LAYER metald ; LAYER metald ;
RECT -0.4 -0.4 0.4 0.4 ; RECT -0.4 -0.4 0.4 0.4 ;
LAYER via9 ; LAYER viag ;
RECT -0.4 -0.4 0.4 0.4 ; H RECT -0.4 -0.4 0.4 0.4 ;
LAYER metall® ; LAYER metalld ;
RECT -0.4 -0.4 0.4 0.4 ; RECT -0.4 -0.4 0.4 0.4 ;
END M1@ M9 via END M10 M9 via
VIA TM M10 via DEFAULT VIA M2 M1 viaB DEFAULT
LAYER metalld ; LAYER metall ;
RECT -0.4 -0.4 0.4 0.4 ; RECT -0.0675 -0.8325 0.0675 0.0325 ;
LAYER VUP ; ﬂ LAYER vial ;
RECT -0.4 -0.4 0.4 0.4 ; RECT -0.0325 -0.0325 0.0325 0.0325 ;
LAYER TM ; LAYER metal2 ;
RECT -0.9975 -1.0 1.0025 1.0 ; RECT -0.0675 -0.835 0.0675 0.035 ;
END TM M18 via END M2 M1 viaB
VIA M2 M1 viaB [OEFAULT VIA M2 M1 viaC DEFAULT
LAYER metall ; LAYER metall ;
RECT -0.0675 -0.0325 0.0675 0.0325 ; [ RECT -0.0325 -0.8675 0.0325 0.0675 ;
LAYER wvial ; LAYER vial ;
RECT -0.0325 -0.0325 0.0325 0.0325 ; RECT -0.0325 -0.0325 0.0325 0.8325 ;
LAYER metal2 ; LAYER metal2 ;
RECT -B8.0675 -0.035 0.0675 0.035 ; RECT -08.035 -0.0675 0.035 0.0675 ;

END M2 M1 viaB END M2 M1 wviaC

Delete codes in red rectangle



Modify lef file

Before

VIARULE TM M10 GENERATE
LAYER metall® ;
ENCLOSURE 0.6 0.6 ;
LAYER TM :
ENCLOSURE 0.6 0.6 ;
LAYER VUP ;
RECT -0.4 -0.4 0.4 0.4 ;
SPACING 1.68 BY 1.68 ;
END TM_M10

VIARULE M1 BM GENERATE
LAYER BM ;
ENCLOSURE 0.6 0.6 ;
LAYER metall ;
ENCLOSURE 8.1 0.1 ;
LAYER VDN ;
RECT -3 -3 3 3 ;
SPACING 12 BY 12 ;
END M1 BM

VIA BM D BM E 45
VIARULE BM D BM E ;
CUTSIZE 6 6 ;

LAYERS BM D VTT E BM E ;
CUTSPACING 6 6 ;

ENCLOSURE 0.6 0.6 0.6 0.6 ;
ROWCOL 1 1 ;

END BM D BM E 45

MACRD TSV
PROPERTY lastSavedExtractCounter 1527 ;
END TSV

After

€ emacs@zxp007.u-aizu.ac.jp (on zxp007.u-aizu.a - O X
File Edit Options Buffers Tools Help

e EX&E
- RECT -8.0325 -0.0325 0.0325 0.0325 ;

SPACING 0.14 BY 0.14 ;
END M1 P

VIARULE TM M10 GENERATE
LAYER metHl10 ;
ENCLOSURE 0.6 0.6 ;
LAYER TM ;
ENCLOSURE 0.6 0.6 ;
LAYER VUP ;
RECT -0.4 -0.4 0.4 0.4 ;
SPACING 1.68 BY 1.68 ;
END TM M10

S5ITE FreePDK45 38x28 10R NP 162NwW 340
SYMMETRY v ;
CLASS core ;
SIZE 0.19 BY 1.4 ;

END FreePDK45 38x28 16R NP 162NwW 340

MACRO TS5V
CLASS BLOCK ;
ORIGIN @ 0 ;

X TR A

¥

Delete codes in red rectangle
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Modify lef file

Before

VIARULE TM M10 GENERATE

LAYER metall® ;

ENCLOSURE 0.6 0.6 ;
LAYER TM :

ENCLOSURE 0.6 0.6 ;
LAYER VUP ;

RECT -0.4 -0.4 0.4 0.4 ;

SPACING 1.68 BY 1.68 ;

After

VIARULE TM M10 GENERATE
LAYER metHl10 ;
ENCLOSURE 0.6 0.6 ;
LAYER TM ;
ENCLOSURE 0.6 0.6 ;
LAYER VUP ;
RECT -0.4 -0.4 0.4 0.4 ;
SPACING 1.68 BY 1.68 ;
END TM M18

SITE FreePDK45 38x28 10R_NP_162NW_340
q SYMMETRY v ;
CLASS core ;

S5IZE 0.19 BY 1.4 ;

END TM_M10 END FreePDK45 38x28 18R NP 162NW 340
MACRD TSV MACRO TSV

PROPERTY lastSavedExtractCounter 1527 ; CLASS BLOCK ;
END TSV ORIGIN @ 0O ;

FOREIGN TSV 0 0O ;
SIZE 4.06 BY 4.06 ;
SYMMETRY X Y ;
| SITE FreePDK45 38x28 10R NP 162NW 340 ;

Add codes in red rectangle 63




Modify lef file

Before After
CLASS core ;
SIZE 0.19 BY 1.4 ;
END FreePDK45 38x28 10R NP 162NW 340

MACRO TSV

CLASS BLOCK ;
ORIGIN 0 B ;
FOREIGN TSV @ @ ;
3 CUTSPACING 6 B ; SI7E 4.06 BY 4.06 ;
ENCLOSURE 0.6 0.6 0.6 0.6 ; SYMMETRY X ¥ ;
ROWCOL 1 1 ; S5ITE FreePDK45 38x28 10R NP _162NW 340 ;
END BM D BM E 45
PIN data out
MACRD TSV DIRECTION QUTPUT ;
PROPERTY lastSavedExtractCounter 1527 ; [ USE SIGNAL ;
END TSV > PORT
LAYER TM ;
EMD LIBRARY RECT 1.083 1.03 3.03 3.03 ;
END
END data out
PIN data in
DIRECTION INPUT ;
USE SIGNAL ;
PORT
LAYER metall ;
RECT 3.06 1 4.06 3.06 ;

END
PORT
LAYER metall ;
RECT 0 @ 4.060 1 ;
END
END data in

Add codes in red rectangle



Modify lef file

PIN da
DIRE

[ use
PORT

Before

ta out
CTION OQUTPUT ;
SIGNAL ;

LAYER TM ;

END
END da
PIN da

DIRE

UsSE

PORT

RECT 1.83 1.83 3.83 3.03 ;

ta_out

ta_in

CTION INPUT ;
SIGHAL ;

LAYER metall ;

END
PORT

RECT 3.06 1 4.06 3.06 ;

LAYER metall ;

END _ RECT 0 3.06 4.06 4.06 ;
END data in LAYER metals ;
PROPERTY lastSavedExtractCounter 1527 ; RECT @ 0 4.06 1.0 ;
END TSV RECT @ 1.8 1.0 3.86 ;
RECT 3.806 1.0 4.060 4.06 ;
END LIBRARY

RECT @ & 4.06 1 ;

¥

After

END data in

0BS

[l LAYER metall ;

RECT 0 0 4.06 1.0 ;
RECT 0 1.8 1.0 3.06 ;

RECT 0 3.06 4.06 4.06 ;
LAYER metalz ;

RECT 0 0 4.06 1.0 ;

RECT 0 1.0 1.0 3.06 ;

RECT 0 3.06 4.06 4.086 ;
LAYER metal3 ;
RECT 0 @ 4.00 1.8 ;

‘ RECT @ 1.0 1.8 3.086 ;
RECT 3.06 1.0 4.06 4.06 ;

RECT 0 3.06 4.06 4.06 ;
LAYER metald ;

RECT 0 0 4.06 1.0 ;

RECT 0 1.0 1.0 3.06 ;

RECT 0 3.06 4.06 4.06 ;
LAYER metalf ;

RECT 0 0 4.86 1.0 ;

RECT 0 1.0 1.0 3.06 ;

RECT 3.06 1.

RECT 0 3.06

0
4.06 4.06 ;

RECT 3.06 1.0 4.06 4.06 ;

RECT 3.06 1.0 4.06 4.06 ;

RECT 3.06 1.0 4.06 4.06 ;

4.06 4.06 ;

Add codes in red rectangle
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Modify lef file

Before

LAYER metal3 ;
RECT & @ 4.00 1.8 ;
RECT & 1.6 1.0 3.086 ;

RECT 3.06 1.0 4.06 4.06 ;

RECT 0 3.06 4.06 4.06 ;
LAYER metald ;

RECT 0 @ 4.06 1.0 ;

RECT @ 1.0 1.0 3.086 ;

RECT 3.06 1.0 4.06 4.06 ;

RECT 0 3.06 4.06 4.06 ;
LAYER metals ;

RECT 0 & 4.06 1.0 ;

RECT @ 1.0 1.0 3.06 ;

RECT 3.86 1.0 4.06 4.06 ;

RECT © 3.060 4.00 4.086 ;
LAYER metald ;

RECT 0 @ 4.06 1.0 ;

RECT © 1.6 1.0 3.06 ;

RECT 3.06 1.0 4.06 4.06 ;

RECT © 53.06 4.06 4.06 ;

¥

F

¥

¥

After
[~] LAYER metalé ;

RECT 0 & 4.06 1.0 ;
RECT @ 1.0 1.6 3.06 ;
RECT 3.06 1.0 4.06 4.06 ;

B [F] 8 1 s [

Ly

LAMER metal? ;
RECT 0 0 4.06 1.0 ;
RECT 0@ 1.0 1.0 3.06 ;
RECT 3.06 1.0 4.06 4.06 ;
RECT O 3.06 4.06 4.06 ;
LAYER metald ;
RECT 0 0 4.06 1.0 ;
RECT @ 1.0 1.0 3.06 ;
RECT 3.06 1.0 4.06 4.06 ;
RECT 0 3.06 4.06 4.06 ;
LAYER metalg9 ;
# RECT © 0 4.06 1.0 ;
RECT 0@ 1.0 1.0 3.06 ;
RECT 3.06 1.0 4.06 4.06 ;
RECT O 3.06 4.06 4.06 ;
LAYER metall@ ;
RECT 0 0 4.06 1.0 ;

O i

PROPERTY lastSavedExtractCounter 1527 ; RECT 0 1.0 1.0 3.06 ;

END TSV RECT 3.06 1.0 4.06 4.06 :
RECT @ 3.06 4.06 4.06 :

END LIBRARY LAYER VUP ;
RECT 0 0 4.06 1.0 ;
RECT © 1.0 1.0 3.06 ;
RECT 3.06 1.0 4.06 4.06 ;
RECT @ 3.06 4.06 4.06 ;

END

PROPERTY lastSavedExtractCounter 1527 ;

¥

Add codes in red rectangle
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Modify lef file

Before After
RECT @ 1.8 1.0 3.06 ;
RECT 3.06 1.0 4.06 4.06 ;
RECT @ 3.06 4.06 4.06 ;

LAYER metal9 ;
RECT 0 0 4.06 1.0 ;
RECT @ 1.0 1.0 3.86 ;

RECT 3.06 1.0 4.06 4.06 ; LAYER VUP ;
RECT @ 3.06 4.06 4.06 ; RECT @ 0 4.86 1.0 ;
LAYER metall® ; RECT @ 1.6 1.0 3.06 ;
RECT @ 0 4.06 1.0 ; RECT 3.06 1.0 4.06 4,06 ;
RECT 0 1.0 1.0 3.06 ; RECT 0 3.06 4.06 4.06 ;
RECT 3.06 1.0 4.06 4.06 ; END
RECT @ 3.06 4.06 4.06 ;
LAYER VUP PROPERTY lastSavedExtractCounter 1527 ;
RECT @ 0 4.06 1.0 : q PROPERTY FE CORE BOX LL X 0.0 ;
RECT @ 1.0 1.0 3.06 : PROPERTY FE CORE BOX UR X 4.06 ;
RECT 3.06 1.0 4.06 4.06 ; PROPERTY FE CORE BOX LL Y 0.0 ;
RECT 0 3.06 4.06 4.06 ; PROPERTY FE _CORE BOX UR Y 4.06 ;
END END TSV
PROPERTY lastSavedExtractCounter 1527 ; END LIBRARY
END TSV
END LIBRARY

Add codes in red rectangle
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4. Synthesis
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E? StepO0: Notes

In this tutorial, the synthesis step is performed
using a .tcl script with a minimal use of Synopsys
Design Compiler Graphic User Interface (GUI).

To understand in details the different synthesis
operations using GUI, please refer to the
previously made technical report [Ref.1].
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Stepl: Environment

zXp035@zxXp007:5yn

File Edit View Search Terminal Help
[zxpB35@zxp007 Synl$ pwd
/home/zxpB35/3D_TSV/Syn

[zxpB35@zxp0BT7 Synl$

Go to /home/zxp035/3D-TSV/Syn
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Step2: syn LAFT.tcl

zxp035@zxp007:PandR

File Edit View 5Search Terminal Help
[z2xpB35@zxpl07 5yn |$§ emacs scripts/syn LAFT.tcl & |:|

Type emacs scripts/syn_ LAFT.tcl & to see the script
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Step2: syn LAFT.tcl

# Your design

#
base name
clock name
clock period 10.8
#
# Libraries
#
target_library
synthetic_library
link_library [conca $target_library $synthetic_libraryl
symbol_library

define design 1ib WORK -path ./WORK

4
# Read RTL filel(s)
#

analyze -format wverilog {./SRC/router LAFT TSV.wv ./SRC/crossbar.v ./SRC/defines.v ./SRC/T
ifo.v ./SRC/input port.v ./SRC/matrix arb formultistage.v ./SRC/mux out.v ./SRC/route.v .
/SRC/non_minimal.v ./SRC/request cntrl.v ./SRC/stop go.v ./SRC/sw alloc.v ./SRC/TSV.vY
elaborate $base name

current_design $base name

link

uniquify

#

# Timing

#

create clock -name $clock name -period $clock period [find port $clock namel
set_clock uncertainty 0.82 [get_clocks $clock namel

set_input delay 8.1 -clock clk [remove from collection [all inputs] {clk reset}l]
set output delay 8.1 -clock clk [all outputs]
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Step2: syn LAFT.tcl

4 Set wire load model
#
set wire load model -name 5K hvratio 1 1 -library NangateOpenCellLibrary

F
# Design synthesis
P

compile -map effort high

compile -incremental mapping -map effort high

#

# Design report
B

report _gor = ./reports/Summary report ${base name}.txt
report_area -hierarchy = ./reports/report area ${base name}.txt
report_timing = ./reports/report timing ${base name}.txt

E

# Output
B

write -format verilog -hierarchy -output ./output files/${base name}.wvnet
write sdc ./output files/${base name}.sdc

write file -format ddc -hierarchy -output ./DB/${base name}.ddc

# quit
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E? Step2: Run syn LAFT.tcl

ZXp035@zxp007:5yn

File Edit View Search Terminal Help
[zxp035@zxpd07 Synl% dc _shell-xg-t -f scripts/syn LAFT.tcl |:| [~]

Type dc_shell-xg —f scripts/syn_LAFT.tcl to run the script by design compiler 74



Step2: Run script

ZXp035@zxp007:5yn

File Edit View Search Terminal Help
B:00:02 17494.8 0.00 6.0

G:00:02 17494.38 G.00 6.0
Loading db file '/home/zxp035/1ib/typical.db’

[ =)
o D
[>)

Optimization Complete
Warning: Design 'router LAFT TSV' contains 1 high-fanout nets. A fanout number of 100
B will be used for delay calculations involving these nets. (TIM-134)
MNet 'sw allc/oll2].spg/clk': 1547 load(s), 1 driver(s)
(N

#

# Design report

#

report _gor = ./reports/Summary report 3{base name}.txt

report_area -hierarchy = ./reports/report area ${base name}.txt

report_timing = ./reports/report timing ${base name}.txt

#

# Output

#

write -format verilog -hierarchy -output ./output files/${base name}.vjet

Writing verilog file '/home/zxp035/3D0 TSV/Syn/output files/router LAFT TSV.wnet'.

Warning: Verilog 'assign' or 'tran' statements are written out. (V0-4)
(I

ite sdc ./ /output files/%${base name}.sdc

write file -format ddc -hierarchy -output ./DB/${base name}.ddc
tj_ng ddc file './DB/router LAFT TSV.ddc'.
1

# quit

Information: Defining new variable 'base name'. (CMD-041)
Information: Defining new variable 'clock name'. (CMD-041)
Information: Defining new variable 'clock period'. (CMD-041)
dc_shells []

If red rectangles are all “1”, the script execution is succeeded



Step3: Run GUI

ZXp035@zxp007:5yn

File Edit View Search Terminal Help

B:00:02 17494.8 0.06 8.0
G:00:02 17494.38 G.00 6.0
Loading db file '/home/zxpd35/1ib/typical.db’

oD
o o
B

Optimization Complete

Warning: Design 'router LAFT TSV' contains 1 high-fanout nets. A fanout number of 100
B will be used for delay calculations involving these nets. (TIM-134)
Net 'sw allc/ol[2].spg/clk': 1547 load(s), 1 driver(s)

Design report

o e

report_gor > ./reports/Summary_report_$%{base name}.txt

report_area -hierarchy = ./reports/report area ${base name}.txt
report_timing = ./reports/report timing ${base name}.txt

#

# Output

#

write -format wverilog -hierarchy -output ./output_files/${base_name}.vjet
Writing verilog file '/home/zxp035/3D TSV/Syn/foutput files/router LAFT TSV.wnet'.
Warning: Verilog 'assign' or 'tran' statements are written out. (V0-4)

1

write sdc ./output files/${base name}.sdc

1

write file -format ddc -hierarchy -output ./DB/${base name}.ddc

Writing ddc file './DB/router LAFT TSV.ddc'.

1
# quit
Information: Defining new wvariable 'base name'. (CMD-B841)
Information: Defining new wvariable 'clock name'. (CMD-041)

| oo ining.new variable 'clock period'. (CMD-841)
dc_shell> start gui

Type start_gui



Step3: Run GUI

rarchy Design

I

2

Cells (Hierarchical)

Cell Name

THpo

THipl

Tripz

THp3

THip4

THps

THp6
Trtsv_input_u...
THsv_input_d
CHsv_output_
THsv_output_
THtsv_input_u...
THsv_input_d...
THsv_output_
Trsv_output_
THsv_input_u...
THtsv_input_d...
THsv_output_
THsv_output_
Hsv_input_u...
Trtsv_input_d...
Trtsv_output_
Trsv_output_
THsv_input_u
THsv_input_d...
Trtsv_output_
THsv_output_
CHsv_input_u...
THsv_input_d
E)I-tsv_uutput_

«

|Ref Name |Cel| Path \ | -
i L

input_port NO... ip0
input_port_NO...
input_port_NO... i
input_port_NO
input_port_NO... i
input_port NO
input_port_NO...

TSV_163
TSV_162
TSV_161
TSV_160
TSV 159
TSV 158
TSV 157
TSV_156
TSV 155
TSV 154
TSV_153
TSV 152
TSV 151
TSV_150
TSV_149
TSV 148
TSV 147
TSV_146
TSV_145
TSV_144
TSV 143
TSV 142
TSV 141

tsv_input_up0
tsv_input_dow... 1
tsv_output_up0
tsv_output_do.
tsv_input_upl
tsv_input_dow...
tsv_output upl
tsv_output_do...
tsv_input_up2
tsv_input_dow...
tsv_output_up2
tsv_output_do.
tsv_input_up3
tsv_input_dow...
tsv_output_up3
tsv_output_do...
tsv_input_up4
tsv_input_dow...
tsv_output_up4
tsv_output_do.
tsv_input_up5s
tsv_input_dow... 1

tsv_output_up5 1=
| »

|[router_LAFT TSV

Infermation: Defining
Information: Defining
Information: Defining
do_shell» start_gui

dc_shell>
4

new variable

new variable
new variable

Current design is 'router LAFT TSV'.
Current design is 'router LAFT TSV'.

'base_name'. (CMD-041
'clock_name'. (CMD-041
'clock_period'. (CMD-041

Log | History |

\

Options: |

dc_shell> ||

\

\. emacs@zxp007.u-aizu.ac.jp (on zxp007.u-aizu.ac.jp) | \

H—l’¢

Click 53
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Step3: Run GUI

dit View lect Highlight t rarchy n butes
lzgal | lacaa-a@l B | HEE
=
W Logical H ~| |Cells (Hierarchical) -
g]' = Tr= Cell Name IRef Name ICEH Fath | -
-4 | {Dvipo input_port_NO... ip0 L
&, =l THipl input_port_ NO... ipl L
& - | [ovip2 input_port NO_ ip2 L
. S| Hip3 input_port_NO... ip3 L
T [ipa input_port NO_ ip4 0
-, HDvips input_port_ NO... ip5 L
i Tip6 input_port_NQ... ip6 L
Tt Hotsv_input_u. TSV 163 tsv_input_up0 U
-t Hotsv input d.. TSV 162 tsv_input_dow... 1
-1t Trtsv_output .. TSV_161 tsv_output_up0
-1t Crsv_output_.. TSV_160 tsv_output_do...
-1t Trtsv_input_u... TSV 159 tsv_input_upl U
Dt [Trtsv_input_d.. TSV_158 tsv_input_dow...
-Drt IDtsv output_.. TSV 157 tsv_output upl
Tt §itsv_output_.. TSV_156 tsv_output_do...
-t HDtsv_input_u.. TSV 155 tsv_input_up2 U
-1t Trtsv_input_d.. TSV 154 tsv_input_dow...
Dt Trtsv_output_.. TSV_153 tsv_output_up2
-1t Trtsv_output .. TSV 152 tsv_output_do.. 1
Dt Trtsv_input_u... TSV_151 tsv_input_up3
-t Hotsv input_d.. TSV_150 tsv_input_dow... 1
Tt Horsv_output_.. TSV_149 tsv_output_up3
- [rtsv_output_.. TSV_148 tsv_output_do...
-1t Trtsv_input_u... TSV_147 tsv_input_up4 1
Dt Trtsv_input_d.. TSV_146 tsv_input_dow...
-t Hotsv output_.. TSV 145 tsv_output_up4d o
Dt Trtsv_output_... TSV_144 tsv_output_do...
-t Hotsv input_u.. TSV 143 tsv_input_up5 o
Tt Hsv inout d.. TSV 142 tsv input dow... |
el [] i
= Hier.l D Schematic 1
T Information: Defining new variable 'clock name'. (CMD-041) -
Information: Defining new variable 'clock period'. (CMD-041
de_shell> start_gui
Current design is 'router LAFT TSV'.
Current design is 'router LAFT TSV'.
de_shell>
Loading db file '/opt/vdec/Synopsys/syn vB-2008.08/libraries/syn/generic.sdb’ S
| | Jj
Log | History Options: »|

dc_shell> |

‘Chck objects or drag a box to select (Hold Ctrl to add, Shift to remove)

TSV _Syn

[

Red rectangles are TSVs
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4. Place & Route

79



2"

StepO0: Notes

In this tutorial, the Place and Route step is
performed using both commands and GUI.

How to execute the commands using GUI, is
explained in details in the previously made

technical report [Ref.1].
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Stepl: Environment

zXp035@zxp007:PandR

File Edit View Search Terminal Help

[zxp@35@zxp007 PandR]$ pwd
/home/zxpA35/3D0_TSV/PandR
[zxp035@zxpOB7 PandR]% 1s
macro script wnet
[zxp@35@zxpAO7 PandR1$ [ ]

Go to /home/zxp035/3D-TSV/PandR
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Stepl: Environment
E? a- Copy the files

zxp035@zxp007:PandR

File Edit View Search Terminal Help
[zxp035@zxp0A7 PandR]% cp ../LEF File/TSV.lef macro/ |:|

Type cp ../LEF_File/TSV.lef macro/
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Stepl: Environment
E? a- Copy the files

zxp035@zxp007:PandR

File Edit View 5Search Terminal Help
[zxpB35@zxp00O7 PandR]l% cp ../Synfoutput files/router LAFT TSV.wvnet vnet/ |:| [~]

Type cp ../Syn/output_files/router LAFT.vnet vnet/ 83



Stepl: Environment
b- Modify the .vnet file

zxp035@zxp007:PandR

File Edit View 5Search Terminal Help
[zxp035@zxp007 PandR]% emacs wvnet/router LAFT TSV.vnet & |:| [~]

Type emacs vnet/router_LAFT_TSV.vnet &

84



Stepl: Environment
b- Modify the vnet file

MUX2:X1 uzes ( A(N\Fifolel[3] ), .BINfifol2l[31 ), .S(n711), .Z(nd458) J;
MUX2 X1 U393 { .A(n458), .B{n457), .5(N15), .Z(second item nextport[2]} );
endmodule

[:] module TSV 162 { data_in, data out );
input data_in;
output data out;
wire data in;
assign data out = data in;

endmodule

module TSV 161 { data_in, data out );
input data_in;

module TSV 1 ( data in, data out ); —
input data_in;
output data_out;
wire data in;
assign data out = data_in;

endmodule

module TSV @ ( data_in, data out );
input data in;
output data_out;
wire data in;
assign data out = data in;

endmodule

—

module non minimal MOUT7 FAULTY6 5 ( xdest, ydest, zdest, xaddr, yaddr, zaddr,

Delete codes in a red part



Stepl: Environment
b- Modify the vnet file

Before

After

stop go 0 “oll6l.spg ( .clk{clk), .reset(n2), .data sent(data_sent[6]),

.stop_in{

endmodule

modul
inp

. TSV 163

L ddid_1In;

stop_in[6]), .blocked(blocked[6]) );

data in, data out );

output data out;
wire data in;
assign data out = data in;

endmodule

module input port NOUT7 FAULTY6 FIFO DEPTH4 FIFO LOG2D2 FIFO FULL LVL2 0 { clk,

!

stop go 0 “oll6l.spg ( .clk{clk), .reset(n2), .data sent(data_sent[6]),

.stop_in{

endmodule

modulg

inp

TSV | data

T data in;

stop_in[61), .blocked{blocked[6]) };

_in, data out );

output data out;
wire data in;
assign data out = data in;

endmodule

module input port NOUT7 FAULTY6 FIFO DEPTH4 FIFO LOG2D2 FIFO FULL LVL2 0 { clk,

Change from TSV_163 to TSV
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Stepl: Environment
b- Modify the vnet file

Before

input_port NOUT7 FAULTY6 FIFD DEPTH4 FIFO L0G202 FIFO FULL LVL2 9 ip6 (
.clkiclk), .reset({reset), .data_in(D data in), .data outl
char_data_in[237:204]), .faulty in{{c_faulty in, faulty in}), .sw_req(
sw_req[6]), .port_reqlport_req[48:421), .sw_grant{sw grant[6]),
.stop_out(D_stop out), .xaddr(xaddr), .yaddr({yaddr), .zaddr(zaddr},

p in{{alloc stop in, stop in}) );

v_input_upd ( .data_in(tsv_up in[0]), .data out(U data in[0]) );

v_input down® ( .data in(tsv down in[0]), .data out(D data in[0])

flsv 163
TSV 162

faulty output_up5 ( .data_in{\faulty out[5] }, .data out(
faulty up out[5]) );
faulty output_downd ( .data_in(\faulty out[5] }, .data out(
) faulty down out[5]) );
sw_alloc NOUT7 sw allc ( .clk(clk), .reset{reset), .sw req{sw req),
.stop_in({{alloc_stop_in, stop_in}), .data_sent(data_sent), .tail sent(
{tsv_down_out[0], tsv_up out[0], data out[136], data out[102],
data_out[68], data_out[34], data_outl0]}), .port_req(port_req),
.grant_out(sw_grant), .sw cntrl{sw cntrl) );
crossbar_NOUT7_NIN7_WIDTH34 cbar ( .clk(clk), .reset{reset), .cntrl{sw cntrl),@
€ .data in(cbar data in), .data out({{char data out, data out}) );
endmodule

After

input_part NOUT? FAULTY6 FIFO DEPTH4 FIFQ L0G2D2 FIFO FULL LVL2 0 ipé (
.clk(clk), .reset(reset), .data_in(D data_in}, .data out(
char_data_in[237:2041), .faulty in{{c_faulty in, faulty in}), .sw_req(
sw_reql6]), .port_req(port_req[48:42]), .sw grant(sw grant(6]),
.stop out(D stop out), .xaddr(xaddr), .yaddr(yaddr), .zaddr(zaddr),

p in{{alloc stop in, stop in}) );

put_upd { .data_in(tsv_up in[e]), .data out(U data inl0l) );

put_down® ( .data in(tsv_down_in[0]), .data out(D data in[0])

[JTsV tsv .
TSV tsv .
);

T5V tsv_
s
TSV tsv

ulty output up5 ( .data_in{\faulty out(5] ), .data_out{
faulty up_out[5]) );

ulty output_down5 ( .data_in(\faulty out[5] ), .data out(
sv_faulty down out[5]) );
sw_alloc NOUT7 sw allc ( .clk(clk), .reset({reset), .sw_req(sw_req),
.stop_in{{alloc_stop_in, stop_in}), .data_sent(data_sent), .tail_sent(
{tsv_down_out[0], tsv_up out[®l, data_out[136], data out[102],
data_out[68], data out[34], data out[@]}), .port_req(port_req),
.grant_out(sw grant), .sw cntrl{sw cntrl) );
crossbar_NOUT7 _NIN7 WIDTH34 char { .clk{clk), .reset{reset), .cntrl{sw cntrl), @
&[].data_in(char data in), .data out({char data out, data out}) );
endmodule

Change from TSV_* to TSV 87



g? Step2: Run SoC Encounter

zxp035@zxp007:PandR

File Edit View Search Terminal Help
[zxpB35@zxp007 PandR]$ velocity []

Type velocity to start SoC Encounter
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g;ﬁ Step2: Run SoC Encounter

File Edit view Search Terminal
[zxp035@zxp007 PandR]% velocity

Help

-

Checking out Encounter license ... ] Encounter(R) RTL-to-GDSII System 10.1 - /home/zxp035/3D_TSV/PandR - (on zxp007.u-aizu.ac.jp) - O x
Encounter Digital Impl Sys XL 18.1 license checkout succeeded. X - " . X . -

You can run 2 CPU jobs with the base license that is currently checked out. Hle  Edit \irw Partition Floorplan Power Place  Optimize Clock  Boute Tming  Werify  Options  Tools  Flows  Help cadence
If required, use the setMultiCpuUsage command to enable multi-CPU processing.

This Encounter release has been compiled with OA version 22.04-peol. = | 34 \@j = |

S o R o K o o K o o oo o oo e

Copyright (c) Cadence Design Systems, Inc. 1996 - 2010.
All rights reserved.

% B W 1B g

= & 1 B

This program contains cenfidential and trade secret informatien
of Cadence Design Systems, Inc. and is protected by copyright
law and international treaties. Any repreduction, use,
distribution or disclesure of this pregram or any portien of it,
or any attempt te obtain a human-readable wversion of this
program, without the express, prior written coensent of

Cadence Design Systems, Inc., 1s strictly prohibited.

Cadence Design Systems, Inc.
2655 Seely Avenue

San Jose, CA 95134, USA

* *
* *
¥ ¥
* *
¥ ¥
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *

A o o o o o o o b

@(#)CDS: Encounter v10.10-pe@3_1 (32bit) 12/09/2010 19:05 (Linux 2.6)

@(#)(DS: NanoRoute v10.10-pbd2 NR181202-1141/USRE6-UB (database version 2.30, 109.2.1
} {superthreading v1.15}

@(#)(DS: CeltIC v18.10-pB01 1 (32bit) 11/30/2010 03:36:40 (Linux 2.6.9-89.0.19.ELsmp)
@(#)CDS: AAE 10.10-p001 (32bit) 12/09/2010 (Linux 2.6.9-89.0.19.ELsmp)

@(#)(DS: CTE 18.10-pBB1_ 1 (32bit) Nov 29 2010 23:33:07 (Linux 2.6.9-89.08.19.ELsmp)
@(#)CDS: CPE v10.10-poo3

--- Starting "Encounter v10.10-p003 1" on Wed May 27 12:45:28 2015 (mem=42.8M) ---
--- Running on zxp007.u-aizu.ac.jp (x86 64 w/Linux 2.6.32-504.1.3.el6.x86 64) ---
This wversion was compiled on Thu Dec 9 19:05:34 PST 2010.

Set DBUPerIGU to 1000.

Set net toggle Scale Factor to 1.08

Set Shrink Factor to 1.80000

velocity 1= []

B a

Layer Control (=

Al Colors
Physical Layers
Fhysical Layers
Instance
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[Cover Cel
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PG
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Tl Layout
[Standard Row
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et
Special Met
Bus Guide
te/via Layers
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i 01
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212
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2 23
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2 34
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World View

[ O T T 11

I

4
v
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~
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[ | |
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h
x

Click to select single object. Shift+Click to defselect multiple objects Q I Selbum0 (0119, 0.048)

Mot i

i Mernary

Welcome screen of SoC Encounter.
The CUIl is on the left side and the GUI is in the right side.



Step3: Import Design

Zxp035@zxp007:PandR

File Edit View Search Terminal Help

[zxp035@zxp007 PandR]% velocity [~]
Checking out Encounter license ...

Encounter Digital Impl Sys XL 10.1 license checkout succeeded.

You can run 2 CPU jobs with the base license that is currently checked out.

If required, use the setMultiCpuUsage command to enable multi-CPU processing.

This Encounter release has been compiled with OA version 22.04-p@ol.

AR o o Ko K Ko o Ko o

Copyright (c} Cadence Design Systems, Inc. 1996 - 2018.
All rights reserved.

This program contains cenfidential and trade secret informatien
of Cadence Design Systems, Inc. and is protected by copyright
law and international treaties. Any reproduction, use,

* *
* *
* *
* *
* *
* *
* *
* *
* distribution er disclosure of this pregram or any portion of it,*
* or any attempt to obtain a human-readable wversion of this *
* *
* *
* *
* *
* *
* *
* *
* *

program, without the express, prior written coensent of
Cadence Design Systems, Inc., is strictly prohibited.

4 Step 1: Setup (File --» Import Design)
#
setUIVar rda_Input ui netlist vnet/router LAFT TSV.wnet

setUIVar rda Input ui timingcon file ../Syn/output files/router LAFT TSV.sdc

setUIVar rda_Input ui_topcell router LAFT TSV

setUIVar rda_Input ui_leffile {macro/TSV.lef /home/zxp035/1ib/NangateOpenCellLibrary.le
}

setUIVar rda_Input ui_timelib {/home/zxp@835/lib/typical.lib macro/TSV.lib}

Cadence Design Systems, Inc.
2655 Seely Avenue
San Jose, CA 95134, USA

AR o o Ko K Ko o Ko o

@(#)CDS: Encounter v10.10-p@03 1 (32bit) 12/09/2010 19:05 (Linux 2.6)
@(#)CD5: NanoRoute v10.10-pB02 NR101202-1141/USRE66-UB (database version 2
} {superthreading v1.15}

@(#)CDS: CeltIC v10.10-pBOl 1 (32bit) 11/30/2010 03:36:40 (Linux,2#8.0-89.0.19.ELsmp) setUIVar rda Input ui pwrnet VDD
@(#)CDS: AAE 10.10-p001 (32bit) 12/09/2010 (Linux 2.6.9-89.8 - -

¢ ELsmp) :
@(#)CDS: CTE 10.10-p0O1_1 (32bit) Nov 29 2010 23:33:07##fhux 2.6.9-89.0.19.ELsmp) setUIVar rda_Input ui_gndnet VS5

@[#)CDS: CPE v16.10-poe3 setUIVar rda_Input ui cts cell list {CLKBUF X1 CLKBUF X2 CLKBUF X3}
--- Starting "Encounter v10.10-p003 1" on Wegds®y 27 12:45:28 2015 (mem=42.8M) --- itConfi - - - - - - -
--- Running on zxp007.u-aizu.ac.jp (xB6 5#MW/Linux 2.6.32-504.1.3.e16.x86 64) --- committlonTlg

This wversion was compiled on Thu Dgge® 19:05:34 PST 2010.
Set DBUPerIGU to 1600.

Set net toggle Scale Facip
Set Shrink Factor qelfteTe]
velocity 1= []

Execute the commands on the right hand in the CUI line by line
to import the previously synthesized design
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Step3: Import Design

i Encounter(R) RTL-to-GDSII System 10.1 - /fhome/zxp035/3D_TSV/PandR - router LAFT TSV (on zxp007.u-aizu.ac.j| - O X
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E?Stepm SoC Floorplan and macro

zXp035@zxp007:PandR - ox
File Edit View Search Terminal Help
Total number of power gating cells: O

Total number of isolation cells: @

Total number of power switch cells: B

Total number of pulse generator cells: @

Total number of always on buffers: @

Total number of retention cells: @

List of usable buffers: BUF X1 BUF X2 BUF X4 BUF X8 BUF X16 BUF X32 CLKBUF X1 CLKBUF
X2 CLKBUF X3

Total number of usable buffers: 9

List of unusable buffers:

Total number of unusable buffers: o

List of usable inverters: INV X1 INV X2 INV X4 INV X8 INV X16 INV X32 _

Total number of usable inverters: 6 flaanLan s HEB 3GE 15 15 15 15

List of unusable inverters: #set halo#

Total number of unusable inverters: O

List of identified usable delay cells: addHaloToBlock 8.5 8.5 0.5 8.5 -allBlock

Total number of identified usable delay cells: @
List of identified unusable delay cells:

Total number of identified unusable delay cells: 8 createRouteBlk -box @ 0 380 65 -'I.ayrer 11

Ne delay cells were detected in the set of buffers. Buffers will be used to fix hold C rE"EItERﬂ'UtEBILK -box & B85 65 265 -'I.ay'er 11
violations.

*info: set bottom ioPad orient RO c FEEITERQ-LIIEEIE -box 265 65 380 2065 - 'lEI'_l.l'EF 11
**WARN: (ENCRM-128): Total 1 bad sites (size is not multiple of H/V pitch). _ -

Horizontal Layer M1 offset = 190 (guessed) createRouteBlk -box @ 265 380 380 Lﬂ:l‘l'Er 11

Vertical Layer M2 offset = 190 (derived)
Suggestion: specify LAYER OFFSET in LEF file

Reason: hard to extract LAYER OFFSET from standard cells FP Lace macro :
set Us:if.ﬂg_lDefault ?elay Limit as 1080. placeInstance tsv input up8 75 75 RO
Set Di t Net D 16606 . r
aet Dofoult Net Load ae 8.5 ppps placeInstance tsv_input upl 75 90 R@

Set Input Pin Transition Delay as 0.1 ps.

PreRoute Cap Scale Factor : 1.00 :

PreRoute Res Scale Factor : 1.00 .

PostRoute Cap Scale Factor : 1.00

PostRoute Res Scale Factor : 1.00 placeInstance tsv faulty output downd 255 120 R@
PostRoute XCap Scale Factor : 1.00 . - .

placeInstance tsv_faulty input_up5 255 135 RO
placeInstance tsv_faulty input down5 255 150 R@
Low) placeInstance tsv faulty output up5 255 165 RO
placeInstance tsv faulty output downS 255 180 RO

-

PreRoute Clock Cap Scale Factor @ 1.00 [Derived from pestRoute cap (effortLevel L
1

-

PreRoute Clock Res Scale Factor @ 1.00 [Derived from pestRoute res (effortL

-

PostRoute Clock Cap Scale Factor : 1.80 [Derived from postRoute_cap (efjftlevel low)
1

-

PostRoute Clock Res Scale Factor : 1.00 [Derived from pestRoute r effortLevel low)
1

create0bstruct 65 65 265 265

*+ERROR: (ENCTS-17): Inconsistent capacitive load unit acys€s different timing lib

raries, unit of 1pf will be used. Use setlLibraryUnit comm;
tive lead unit for the design.

#¥WARN: (ENCCK-7803):  Command "addCTSCelllist"
update {AuteCTSRootPin clkname Buffer bufferlist
e command still works in this release, but to
ibility with future releases, remove "addCT:
Set (TS cells: CLKBUF X1 CLKBUF X2 CLKBUE
*#ERROR: (ENCTS-17): Inconsistent
raries, unit of 1pf will be used. U
tive lead unit for the design.
1]

to set consistent capaci
is olete. Use "specifyClockTree -
" as an alternative. The obsolet
1d tth warning and to ensure compat
1List" from your script.

citive load unit acress different timing lib|-
setlibraryUnit command to set consistent capaci|

velocity 18> velocity 10 []

Execute the commands on the right hand in the CUI line by line
to set floorplan and macro locations



E?Stepm SoC Floorplan and macro

B Encounter(R) RTL-to-GDSII System 10.1 - /home/zxp035/3D_TSV/PandR - router LAFT TSV (on zxp007.u-aizu.ac.jj - O x
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Click to select single object. Shift+Click to defzelect multiple objects.

Chip layout after Floorplan and macro placement



Step5: Power ring

r v
zxp035@zxp007:PandR - 0Ox
File Edit View Search Terminal Help

X2 CLKBUF X3

Total number of usable buffers: 9

List of unusable buffers:

Total number of unusable buffers: @

List of usable inverters: INV X1 INV_X2 INV X4 INV_XB INV X16 INV X32
Total number of usable inverters: &

List of unusable inverters:

Total number of unusable inverters: @

List of identified usable delay cells:

Total number of identified usable delay cells: @

List of identified unusable delay cells:

Total number of identified unusable delay cells: @

No delay cells were detected in the set of buffers. Buffers will be used to fix hold

violations.
*info: set bottom ioPad orient RO
**WARN: (ENCRM-128): Total 1 bad sites (size is not multiple of H/V pitch).

Horizontal Layer M1 offset = 190 (guessed)

Vertical Layer M2 offset = 190 (derived)

Suggestion: specify LAYER OFFSET in LEF file #
Reason: hard to extract LAYER OFFSET from standard cells 1 . -. 3 i -. - n 3 . 3
Get Using Dafault Deloy Linit oo 1608, f Step 3: Power ring (Power --» Power Planning --> Add Ring)
Set Default Net Delay as 1000 ps. #
Set Default Net Load as 8.5 pF. .
Set Input Pin Transition Delay as 0.1 ps createPGP:_Ln VDD -net VDD
PreRoute Cap Scale Factor : 1.0 cregtePGP1in V5SS -net VsSS
PreRoute Res Scale Factor : 1.0@
PostRoute Cap Scale Factor : 1.00
PostRoute Res Scale Factor : 1.00 i - _ i
PostRoute XCap Scale Factor : 1.00 addeng_ nets '[VSS VDD} typE" core_rlngs_ . .
-spacing_top 2 -spacing_bottom 2 -spacing_right 2 -spacing left 2
PreRoute Clock Cap Scale Factor : 1.00 [Derived from postRoute cap (effortlLevel low) -width tﬂp 1 -width bottom 1 -width rlght 1 -width left 1
1 — . - — —
PreRoute Clock Res Scale Factor : 1.80 [Derived from postRoute res (effortLevel Llow) -around core -]og_dlstance 0.095 -threshold 0.095
1.00 [Derived from postRoute cap (effortLevel low) -layer_top metalld -layer_bottom metall -layer_rlght metald

PostRoute Clock Cap Scale Factor :
1

-layer_left metals
-stacked via top layer metalld -stacked via bottom layer metall

PostRoute Clock Res Scale Factor : 1.00 [Derived from postRoute res (effortLevel

**ERROR: (ENCTS-17): Inconsistent capacitive load unit across dlffereﬂt ming lib

raries, unit of 1pf will be used. Use setLibraryUnit command te set col
tive load unit for the design.
**WARN: (ENCCK-7003):  Command “"addCTSCelllList" is obsolete. Usg##specifyClockTree -
update {AutoCTSRootPin clkname Buffer bufferlist ...}"
e command still works in this release, but to aveid this
ibility with future releases, remove "addCTSCelllList"
Set CTS cells: CLKBUF X1 CLKBUF X2 CLKBUF_X3
*+ERROR: (ENCTS-17): Inconsistent capacitive
raries, unit of 1pf will be used. Use setLib
tive lead unit for the design.
Adjusting Core to Left to: 15.0188. C
**WARN: (ENCRM-128): Total 1 ba
Horizontal Layer M1 offset =
Vertical Layer M2 offset = (derived)
Suggestion: specify LAYE
Reason: hard to extra
**WARN: (ENCFP-325
ed.
velocity 1=

ing and to ensure compat
your script.

d unit across different timing lib
Unit command to set consistent capaci

to Bottom to: 15.0180.
ltes (size is not multiple of H/V pitch).

After proportional resize, all pre-routed wires will be remov

Execute the commands on the right hand in the CUI line by line
to add the power ring
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Step5: Power ring
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Chip layout after adding the power ring
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Step6: Power Stripe

xp007:PandR

File Edit View Search Terminal Help
No delay cells were detected in the set of buffers. Buffers will be used to fix hold [~}

violations.
*info: set bottom ioPad orient RO
**WARN: (ENCRM-128): Total 1 bad sites (size is not multiple of H/V pitch).

Horizontal Layer M1 offset = 198 (guessed)

Vertical Layer M2 offset = 190 (derived)

Suggestion: specify LAYER OFFSET in LEF file

Reason: hard to extract LAYER OFFSET from standard cells
Set Using Default Delay Limit as 1@eo.

Set Default Net Delay as 1000 ps.

Set Default Net Load as 8.5 pF.

Set Input Pin Transition Delay as 0.1 ps

PreRoute Cap Scale Factor : 1.0

PreRoute Res Scale Factor : LBD
PostRoute Cap Scale Factor : 1.00
PostRoute Res Scale Factor : 1.00
PostRoute XCap Scale Factor : 1.00

PreRoute Clock Cap Scale Factor @ 1.80 [Derived from postRoute cap (effortLevel low)
1

PreRoute Clock Res Scale Factor @ 1.80 [Derived from postRoute res (effortLevel low)
#
PostRoute Clock Cap Scale Fact : 1.00 [Derived f tRout (effortLevel low) . : 1 : :
jFrroute Brock bap seate racton grived Trom postroute cap fetlorthevel tow # Step 4: Power stripe (Power --> Power Planning --> Add Striple)
PostRoute Clock Res Scale Factor : 1.80 [Derived from postRoute res (effortLevel low) #
1 . . .
**ERROR: (ENCTS-17): Inconsistent capacitive load unit across different timing lib addStrlpe THEtS {‘“rss 1'-'rl:'l::']' '-!-aye'r metals "“Ildth 1 -spacing 6 o
{arj_ei, snit_gfflpftn'ﬂ; be used. Use setLibraryUnit command to set consistent capaci .b'l_gck_rlng_tgp_]_ayer_]_lmlt metalg .b'l_(}ck_rlng_bgttgm_]_ayer_]_lmlt metal?
ive load unit for the design. - s . P
**WARN: (ENCCK-7083):  Command "addCTSCellList" is obsolete. Use "specifyClockTree - -padcore_r;ng_tup_layer_llmlt metald -padﬂ_:ure_rlng_bottom_layer_llmlt metal?
update {ﬁutgcﬁRootEm clltagame B{ffer bgf?;““ d}[h as an alterﬂgttve- The obsolei -stacked_via_top_layer metalld -stacked via_bottom_layer metall
e command still works in this release, but to avol is warning and to ensure compa : -
ibility with future releases, remove "addCTSCelllList" from your script. -SE't_tU_SEt_dlStE_II"IEE 15 'XIEft_OffSEt 6 —merge_strlpes_value 0.095
Set CTS cells: CLKBUF X1 CLKBUF X2 CLKBUF X3 -max same 'Layer jog length 1.6
*#ERROR: (ENCTS-17): Inconsistent capacitive load unit across different timing lib — — _ —

raries, unit of 1pf will be used. Use setLibraryUnit command to set consistent capaci
tive load unit for the design.

Adjusting Core to Left to: 15.0100. Core to Bottom te: 15.0100.

*#WARN: (ENCRM-128): Total 1 bad sites (size is not multiple of H/V pitc
Horizontal Layer M1 offset = 198 (guessed)

Vertical Layer M2 offset = 190 (derived)

Suggestion: specify LAYER OFFSET in LEF file

Reason: hard to extract LAYER OFFSET from standard cells
**WARN: (ENCFP-325): After proportional resize, all pre.
ed.

velocity 1> createPGPin VDD -net VDD
velocity 2= createPGPin VSS -net VSS
velocity 3= addRing -nets {VSS vDD} -type cor
+ -spacing_top 2 -spacing bottom 2 -spaci
+ -width top 1 -width bettom 1 -width
+ -around core -jog_distance 0.095
+
+
+

ted wires will be remov

ngs %

[right 2 -spacing left 2\
ght 1 -width left 1
reshold 8.095 \

-layer top metall® -layer bot metall® -layer right metal? \
-layer_left metal9 \

-stacked via top layer alld -stacked via bottom layer metall

The power planner crgefed 8 wires.
*** Ending Ring ration (totcpu=0:00:00.0, real=0:00:00.0, mem=244.1M) ***
velocity 4= []

Execute the commands on the right hand in the CUI line by line
to add power stripe
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Step6: Power Stripe
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Chip layout after adding the power stripe
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Step7: Power Routing

@zxp007:PandR

File Edit View Search Terminal Help

PostRoute Res Scale Factor : 1.00 EI
PostRoute XCap Scale Factor : 1.00

PreRoute Clock Cap Scale Factor : 1.0@ [Derived from postRoute_cap (effortLevel low)
1

PreRoute Clock Res Scale Factor : 1.00 [Derived from postRoute_res (effertLevel low)
PostRoute Clock Cap Scale Factor : 1.80 [Derived from postRoute_cap (effortLevel low)
1

PostRoute Clock Res Scale Factor : 1.00 [Derived from postRoute res (effortLevel low)
*+ERROR: (ENCTS-17): Inconsistent capacitive load unit across different timing lib
raries, unit of 1pf will be used. Use setLibraryUnit command to set consistent capaci
tive load unit for the design.

FHWARN: (ENCCK-7003):  Command "addCTSCellList" is obsclete. Use "specifyClockTree -

update {AutoCTSRootPin clkname Buffer bufferlist ...}" as an alternative. The obsolet
e command still works in this release, but to aveid this warning and to ensure compat

ibility with future releases, remove "addCTSCellList" from your script.

Set CTS cells: CLKBUF X1 CLKBUF X2 CLKBUF X3

*+ERROR: (ENCTS-17): Inconsistent capacitive load unit across different timing lib
raries, unit of 1pf will be used. Use setLibraryUnit command to set consistent capaci
tive load unit for the design.

Adjusting Core to Left to: 15.0100. Core to Bottom to: 15.0100.

+F*WARN: (ENCRM-128): Total 1 bad sites (size is not multiple of H/V pitch).
Horizontal Layer M1 offset = 198 (guessed)

Vertical Layer M2 offset = 198 (derived)

Suggestion: specify LAYER OFFSET in LEF file

Reason: hard to extract LAYER OFFSET from standard cells

**WARN: (ENCFP-325): After proportional resize, all pre-routed wires will be remov|
ed.

velocity 1= createPGPin VDD -net VDD

velocity 2= createPGPin VSS -net VsS

velocity 3= addRing -nets {VS5 VDD} -type core_rings \

+ -spacing_top 2 -spacing_bottom 2 -spacing_right 2 -spacing_left 2 %\

+ -width top 1 -width_bottom 1 -width_right 1 -width left 1 %

+ -around core -jog_distance 8.895 -threshold 8.095 %

+ ~-layer_top metall® -layer bottom metall® -layer right metald \

+ -layer left metal9 \

+ -stacked via top layer metall® -stacked via bottom layer metall

The power planner created 8 wires.
*** Ending Ring Generation (totcpu=0:00:008.0, real=0:00:00.0, memp@#4,1M) ***

-block_ring_top layer limit metal9 -block ring_bottom er_limit metal7 \
-padcore_ring_top_layer limit metal9 -padcore ring tom_layer limit metal7 %\
-stacked via top layer metall® -stacked via botfpfl layer metall \

-set_to_set distance 15 -xleft offset 6 -merge#®stripes value 0.995 \

+ -max same layer jog length 1.6

**WARN: (ENCPP-2008):  AddStripe option move floating stripe over block is ON so
all fragmented stripes within a block be removed.

To turn OFF, setAddStripeOption _p®move floating stripe over_block 0.

++ +

Starting stripe generation g
Non-Default setAddStripegefion Settings :

NONE
Stripe generatiog#® complete; vias are now being generated.
The power plann reated 40 wires.

velocity 5= []

#

#

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

sroute -nets {V55 VDD} -layerChangeRange {1 10}

-connect { blockPin padPin padRing corePin floatingStripe }
-blockPinTarget { nearestRingStripe nearestTarget }
-padPinPortConnect { allPort oneGeom }

-checkAlignedSecondaryPin 1 -blockPin useLef -allowlogging 1
-crossoverViaBottomLayer 1 -allowlLayerChange 1 -targetViaTopLayer 10
-crossoverViaTopLayer 10 -targetViaBottomLayer 1

Execute the commands on the right hand in the CUI line by line
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Step7: Power Routing
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Step8: Placement

xp007:PandR

File Edit View Search Terminal Help

**WARN: (ENCSR-468) : No core cells defined in COMPONENTS section
and/or Mo core cells defined in SPECIALNETS VSS
*F*WARN: (ENCSR-468) @ No core cells defined in COMPONENTS section

and/or No core cells defined in SPECIALMNETS VWSS
CPU time for FollowPin @ seconds

*+WARN: LAYER wvial, same net spacing 1
**WARN: LAYER wia2, same net spacing i
**WARN: LAYER via3, same net spacing i
**WARN: LAYER vial, same net spacing i
**WARN: LAYER via2, same net spacing
**WARN: LAYER via3, same net spacing i
*+WARN: LAYER wvial, same net spacing 1
*HWARN: LAYER via2, same net spacing 1
**WARN: LAYER wia3, same net spacing i
**WARN: LAYER vial, same net spacing i
**WARN: LAYER via2, same net spacing i
**WARN: LAYER via3, same net spacing i
**WARN: LAYER vial, same net spacing i
*+WARN: LAYER wvia2, same net spacing 1
**WARN: LAYER wia3, same net spacing i
**WARN: LAYER vial, same net spacing i
**WARN: LAYER via2, same net spacing i
**WARN: LAYER via3, same net spacing i
**WARN: LAYER vial, same net spacing i
*+WARN: LAYER wvia2, same net spacing 1
*4WARN: LAYER wvia3, same net spacing 1
**WARN: LAYER wial, same net spacing i

wn

larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!
larger than different net spacing!

,_.
LMnwnh;oniinn

Wi nnnin

n

**WARN: LAYER via2, same net spacing is larger than different net spacing! #
**WARN: LAYER via3, same net spacing is larger than different net spacing! 1 . r .
Number of 10 ports routed: 6 # Step 6: Placement (Place --= Standard Cell)

Number of Block ports routed: ©
Number of Stripe ports routed: 0
Number of Core ports routed: 716
Number of Pad ports routed: ©
Number of Power Bump perts routed: @
Number of Followpin connections: 358
End power routing: cpu: 0:00:00, real: 0:80:00, peak: 493.00 megs.

#
placebDesign -prePlacelpt

Begin updating DB with routing results ...
Updating DB with 65 via definition ...Extracting standard cell pige®and blockage ...

Pin and blockage extraction finished

The viaGen is rebuilding shadow wvias for net
sroute post-processing ends at Wed May 27

sroute post-processing ends ed May 27 13:06:53 2015
sroute: Total CPU time u
sroute: Total Real ti sed = 0:0:0
sroute: Total Mg = 6.36 megs
sroute: Total Py Memory used = 250.96 megs
velocity 6= D

Execute the commands on the right hand in the CUI line by line
to place the standard cells
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Step8: Placement
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Step9: Optimization

Zxp035@zxp007:PandR
Fle Edit View Search Terminal Help

-6: [¢] 0.00% 6 0.01%
-5: [¢] 0.00% 7 0.02%
-4 [c] 0.00% 37 0.09%
-3: 3 0.01% 79 0.19%
-2 8 0.02% 118 0.28%
-1: 27 0.06% 257 0.60%
o: 127 0.30% 486 1.14%
1: 352 0.82% 897 2.10%
2: 227 0.53% 554 1.30%
3: 203 0.47% 566 1.33%
4: 391 0.91% 954 2.24%
5: 513 1.20% 970 2.28%
6 722 1.69% 1060 2.49%
7: 1177 2.75% 1136 2.66%
a: 1773 4.15% 1330 3.12%
9: 2023 4.73% 1562 3.66%
1e: 2335 5.46% 1614 3.79%
11 2682 6.27% 1861 4.37%
12 3445 8.05% 3388 7.95%
13 3337 7.80% 4518 10.60%
14 3854 9.01% 1845 4.33%
15 5329 12.46% 2853 6.69%
16 3324 7.77% 1198 2.81%
17 1307 3.06% 483 1.13%
18 979 2.29% 597 1.40%
19 1879 2.52% 643 1.51%
20 7554 17.66% 13611 31.93%

##* Completed Phase 1 route (0:00:00.5 282.7M) ***

.569e+085um, number of vias: 81568
595e+03um, number of vias: 39631
589e+04um, number of vias: 31681
904e+04um, number of vias: 5578
414e+84um, number of wias: 1951
757e+04um, number of vias: 1279
917e+04um, number of vias: 426
145e+02um, number of vias: 385
M8(V) length: 3.170e+83um, number of vias: 258
M3(H) length: 047e+02um, number of vias: 211
M10(V) length: 1.896e+03um, number of vias: 168
M11(H) length: 3.887e+82um

#+% Completed Phase 2 route (0:00:00.4 282.7M) *+*

Total length:
M1(H) length:
M2(V) length:
M3(H) length:
M4(V) length:
M5(H) length:
MG(V) length:
M7(H) length:

PO LU0 b L) 0D 0D W R

##* Finished all Phases (cpu=0:00:00.9 mem=282.7M
Peak Memory Usage was 286.7M
#** Finished trialRoute (cpu=0:00:00.9 mem-,

End of congRepair (cpu=0:00:05.4, reals®:00:06.0)
##* Finishing placeDesign default
#x*++ Total cpu 0:0:24

#x#%% Total real time 0:0:
**placeDesign ... cpu = B:

24, real = 0: 0:24, mem = 282.7M **
velocity 7= velocity 7= D

#
# Step 7: Optimization (preCTS) (Optimize --=» Optimize Design)
1#
optDesign -preCTS

Execute the commands on the right hand in the CUI line by line
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Step9: Optimization
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Stepl0: Clock Tree

zxp035@zxp007:PandR - O x

Fle Edit View Search Terminal Help

-6: 0 5.00% 6 0.01%

508 0.00% 7 0.02%

T 0.00% 37 0.09%

303 9.01% 79 0.19%

2: 8 9.02% 118 0.28%

-1 27 0.06% 257 0.60%

o: 127 8.30% 486 1.14%

1: 352 8.82% 897 2.10%

2 227 8.53% 554 1.30%

3 203 0.47% 566 1.33%

4 391 0.91% 954 2.24%

5: 513 1.26% 970 2.28%

6: 722 1.69% 1060 2.49%

7: 1177 2.75% 1136 2.66%

g 1773 4.15% 1330 3.12%

9: 2023 4.73% 1562 3.66%

10: 2335 5.46% 1614 3.79%

1 2682 6.27% 1861 4.37%

12 3445 8.05% 3388 7.95%

13 3337 7.80% 4518 10.60%

14 3854 9.01% 1845 4.33%

15 5329  12.46% 2853 6.69%

16 3324 7.77% 1198 2.81%

17 1307 3.06% 483 1.13% -
18 979 2.29% 597 1.46% #
;3 ;gg 1?22 ?311 3{3& # 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

##* Completed Phase 1 route (0:00:00.5 282.7M) ***

Total length: 2.569e+85um, number of vias: 81568

M1(H) length:
M2(V) length:
M3(H) length:
M4(V) length:
M5(H) length:
MG(V) length:
M7(H) length:

595e+03um, number of vias: 39631
589e+04um, number of vias: 31681
904e+04um, number of vias: 5578
414e+84um, number of wias: 1951
757e+04um, number of vias: 1279
917e+04um, number of vias: 426
145e+02um, number of vias: 385
M8(V) length: 3.170e+83um, number of vias: 258
M3(H) length: 047e+02um, number of vias: 211
M10(V) length: 1.896e+03um, number of vias: 168
M11(H) length: 3.887e+82um

#+% Completed Phase 2 route (0:00:00.4 282.7M) *+*

PO LU0 b L) 0D 0D W R

##* Finished all Phases (cpu=0:00:00.9 mem=282.7M,
Peak Memory Usage was 286.7M
#** Finished trialRoute (cpu=0:00:00.9 mems

End of congRepair (cpu=0:00:05.4, reals6:00:06.0)
##* Finishing placeDesign default
#x*++ Total cpu 0:0:24
#x#%% Total real time 0:0:
**placeDesign ... cpu = B:
velocity 7= velocity 7:

24, real = 0: 0:24, mem = 282.7M **

Execute the commands on the right hand in the CUI line by line
to synthesize clock tree
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Stepl0: Clock Tree
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Stepl1: Optimization

xp007:PandR
File Edit View Search Terminal Help

Max. Fall Buffer Tran. : 68.2(ps) 200(ps)
Max. Rise Sink Tran. 1 101.8(ps) 200(ps)
Max. Fall Sink Tran. : 101.1{ps) 200(ps)
Min. Rise Buffer Tran. : 8.5(ps) 0(ps)
Min. Fall Buffer Tran. : 7.9(ps) 8{ps)
Min. Rise Sink Tran. : 68(ps) B(ps)
Min. Fall Sink Tran. : 67.3(ps) 8(ps)

Clock Analysis (CPU Time 0:00:00.0)

#++ None of the buffer chains at roots are modified by the fine-tune process.

#

# Mode 1 Setup

# Library Name : NangateOpenCellLibrary
# Operating Condition : typical

# Process 01

# Voltage 1.1

# Temperature 125

#

#wkwrrtns Clock clk Post-CTS Timing Analysis ks
1

Nr. of Subtrees

r. of Sinks P lsw7 # Step 9: Optimization (postCTS) (Optimize --> Optimize Design)
Nr. of Level (including gates) : 3 #

Root Rise Input Tran : 8.1(ps) g

Root Fall Input Tran : 8.1(ps) DptDE‘Slgﬂ 'pUSt[TS

Max trig. edge delay at sink(R):
Min trig. edge delay at sink(R):

ipl/ff/fifo_regl@][16]/CK 248.2(ps)
ip6/ff/fifo reg[31[29]/CK 228.2(ps)

#

optDesign -postCTS -hold

(Actual) (Required)
Rise Phase Delay 1 228.2-248.2(ps) @-18{ps)
Fall Phase Delay 1 247.7~268.1(ps) 8~10(ps)
Trig. Edge Skew : 20(ps) 20(ps)
Rise Skew : 20(ps)
Fall Skew 1 20.4(ps)
Max. Rise Buffer Tran. 1 68.8(ps) 200(ps)
Max. Fall Buffer Tran. 1 68.2(ps)
Max. Rise Sink Tran. : 101.8(ps)
Max. Fall Sink Tran. : 181.1(ps)
Min. Rise Buffer Tran. : 8.5(ps) 8(ps)
Min. Fall Buffer Tran. : 7.9(ps) B(ps)
Min. Rise Sink Tran. : 68(ps) 8(ps)
Min. Fall Sink Tran. © 67.3(ps) 0(ps)

Generating Clock Analysis Report

Clock Analysis (CPU Time 0:00,8

*++ End ckECO (cpugi

fliter LAFT TSV.ctsrpt ....
.8)

#0:.04.3, real=0:00:05.0, mem=355.0M) **+*

**clockDesign ...

U = 0:04:27, real = 0:04:27, mem = 355.0M **
velocity 11> []

Execute the commands on the right hand in the CUl line by line
to perform the Post-clock synthesis optimization
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Stepl1: Optimization
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Stepl12: Nano Route

- S —
zxp035@zxp007:PandR - Ox
File Edit View Search Terminal Help

#Total wire length on LAYER metal3 = 68935 um. [~]
#Total wire length on LAYER metald = 48233 um.
#Total wire length on LAYER metal5 = 29043 um.
#Total wire length on LAYER metals = 19591 um.
#Total wire length on LAYER metal7 = 1164 um.
#Total wire length on LAYER metals = 4712 um.
#Total wire length on LAYER metal9 = 2420 um.

#Total wire length on LAYER metall® = 3433 um.
#Total wire length on LAYER TM = 1101 um.
#Total number of vias = 108165

#Up-Via Summary (total 188165):

#

o

# Metal 1 45558

# Metal 2 40656

# Metal 3 12864

# Metal 4 5329

# Metal 5 2220

# Metal 6 561

# Metal 7 401

# Metal 8 228 T

# Metal 9 188 #

gl il # Step 10: Detailed route (Route --> Nano Route --> Route)
# 108165 #

" .

#Total number of DRC violations = @ 1 1 1 1 1

e O N D metall setNanoRouteMode -quiet -routeWithTimingDriven true

#Total number of violations on LAYER metal2
#Total number of violations on LAYER metal3
#Total number of violations on LAYER metald
#Total number of violations on LAYER metals
#Total number of violations on LAYER metal6
#Total number of violations on LAYER metal?
#Total number of violations on LAYER metals
#Total number of violations on LAYER metal9
#Total number of violations on LAYER metall® = @
#Total number of violations on LAYER TM = @

setNanoRouteMode -quiet -routeTopRoutingLayer default
setManoRouteMode -quiet -routeBottomRoutingLayer default
setManoRouteMode -quiet -drouteEndIteration default
setlanoRouteMode -quiet -routeWithTimingDriven true
routeDesign -globalDetail

L T T T T TR}
PO D

#detailRoute Statistics:

#Cpu time = 00:00:26

#Elapsed time = 00:00:26
#Increased memory = 0.00 (Mb)
#Total memory = 363.08 (Mb)
#Peak memory = 396.00 (Mb)

#

#globalDetailRoute statistics:
#Cpu time = 00:00:34
#Elapsed time = 00:00:34
#Increased memory = 1.00 (Mb)
#Total memory = 363.00 (Mb)
#Peak memory = 396.00 (Mb)
#Number of warnings = 10
#Total number of warnings = 7
#Number of fails = @
#Total number of fails
#Complete globalDet
#

oute on Wed May 27 13:30:33 2015

velocity 19= |:|

Execute the commands on the right hand in the CUI line by line
to add Nano route
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Stepl12: Nano Route
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Step13: Optimization

- S —
zxp035@zxp007:PandR
File Edit View Search Terminal Help

#Total wire length on LAYER metal3 = 68935 um.
#Total wire length on LAYER metald = 48233 um.
#Total wire length on LAYER metal5 = 29043 um.
#Total wire length on LAYER metals = 19591 um.
#Total wire length on LAYER metal7 = 1164 um.
#Total wire length on LAYER metals = 4712 um.
#Total wire length on LAYER metal9 = 2420 um.

#Total wire length on LAYER metall® = 3433 um.
#Total wire length on LAYER TM = 1101 um.
#Total number of vias = 108165

#Up-Via Summary (total 188165):

#

e .
# Metal 1 45558
# Metal 2 40656
# Metal 3 12864
# Metal 4 5329
# Metal 5 2220
# Metal 6 561
# Metal 7 401
# Metal 8 228
# Metal 9 138
# Metal 18 168
o
# 108165
#

#Total number of DRC violations = @

#Total number of violations on LAYER metall
#Total number of violations on LAYER metal2
#Total number of violations on LAYER metal3
#Total number of violations on LAYER metald
#Total number of violations on LAYER metals
#Total number of violations on LAYER metal6
#Total number of violations on LAYER metal?
#Total number of violations on LAYER metals
#Total number of violations on LAYER metal9
#Total number of violations on LAYER metall® = @
#Total number of violations on LAYER TM = @
#detailRoute Statistics:

#Cpu time = 00:00:26

#Elapsed time = 00:00:26
#Increased memory = 0.00 (Mb)
#Total memory = 363.08 (Mb)
#Peak memory = 396.00 (Mb)

#

#globalDetailRoute statistics:
#Cpu time = 00:00:34

#Elapsed time = 00:00:34
#Increased memory = 1.00 (Mb)
#Total memory = 363.00 (Mb)
#Peak memory = 396.00 (Mb)
#Number of warnings = 10
#Total number of warnings =
#Number of fails = @
#Total number of fail
#Complete globalD
#

L T T T T TR}
PO D

Route on Wed May 27 13:30:33 2015

velocity 19= |:|

#
#
#

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

optDesign -postRoute
optDesign -postRoute -hold

Execute the commands on the right hand in the CUI line by line
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to perform the Post-route optimization




Step13: Optimization
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Step14: Adding Fillers

ZXp035@zXp007:PandR -0 x

File Edit View Search Terminal Help

# Delay Calculation Options: engine=default signOff=true SIAware=false(opt) [~]
# Switching Delay Calculation Engine to feDC

Calculate delays in Single mode...
Topological Sorting (CPU = 0:00:00.0, MEM = 430.6M, InitMEM = 438.6M)

Number of Loop : ©

Start delay calculation (mem=438.023M)...

delayCal using detail RC...

Opening parasitic data file './router LAFT TSV rPEyly 16765.rcdb.d/header.da' for rea
ding.

RC Database In Completed (CPU Time= 0:00:00.1 MEM= 430.8M)

Delay calculation completed. (cpu=8:00:80.6 real=0:80:00.0 mem=438.035M B)

##% (DM Built up (cpu=0:00:00.8 real=0:00:01.8 mem= 430.0M) *+*

**ERROR: (ENCTS-17): Inconsistent capacitive load unit across different timing 1ib
raries, unit of 1pf will be used. Use setLibraryUnit command to set consistent capaci
tive load unit for the design.

Reported timing to dir ./timingReports

#+pptDesign ... cpu = 0:00:13, real = 0:00:14, mem = 438.0M **

dmm e Hmmmmmmmme Hmmmmmmmme + Hmmmmmmmme Hmmmmmmmme +

| Setup mode | all | reg2reg | | in2out | clkgate |

dmm e Hmmmmmmmae Hmmmmmmmme + Hmmmmmmmae Hmmmmmmmae + #

| WNS (ns):| 7.827 | 7.827 | | 9.531 | MN/A | i

I TS (ns):| o.e00 | 0.600 | | @.ee0 | N/A | # Step 12: Add fillers (Place --> Physical Cells --= Add Filler)
| Violating Paths:| ¢] | ¢] | | ¢] | N/A | i

| Al Paths:| 1834 | 1547 | | a2 | nA | i

* * * * * * * addFiller -prefix FILLER -cell FILLCELL X1 FILLCELL X2 FILLCELL X4
e . oo . oo oo . FILLCELL X8 FILLCELL X16 FILLCELL X32
| Hold mode | | reg2reg | | | clkgate | - - -

dmm e + Hmmmmmmmme + Hmmmmmmmae Hmmmmmmmae +

| WNS (ns):| | 0.864 | | | n/A

| NS (ns):| @. | @.e00 | | | n/A

| Violating Paths:| ¢] | ¢] | | | N/A

| Al Paths:| 1834 | 1547 | | | N/A

dmm e Hmmmmmmmae Hmmmmmmmae + Hmmmmmmmae D Lo

dommm s B LT T

| | Real

| DRVs R R R R LTS

| | MNr nets{terms) |

dommm e dmmm e Hmmmm e

| max_cap | 8 (8) |

| max_tran | 8 (8) |

| max_fanout | 8 (8) |

dommm e dmmm e e o

Density: 37.754%

#+* Final Summary (holdfix) CPU=0:009%€.7, REAL=0:00:02.8, TOTCPU=0:00:12.8, TOTREAL=|_
0:00:14.0, MEM=426.3M 1
#*optDesign ... cpu = 0:00:14
#+* Finished optDesign ***
velocity 26= welocity 26= D

Execute the commands on the right hand in the CUl line by line
to add fillers

1 = 0:00:16, mem = 426.3M **
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Step14: Adding Fillers
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Click to select single object. Shift+Click to de/select multiple objects. Q I Selhum:0 (320,874, 347 .536) |ﬂmmg Analyzed
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. Schematic(LVS)

E? Step15: Layout Vs

zxp035@zxp007:PandR - 0O X
File Edit View Search Terminal Help
| WNS (ns):| 7.827 | 7.827 | 8.797 | 8.721 | 9.531 | N/A | E]
| TNS (ns):| @.eee | ©.000 | ©.000 | 6.000 | ©0.000 | N/A |
| Violating Paths:| o] | 1] | a | 1] | 0 | N/A |
| ALl Paths: | | | 4 | | |
B Fommmmmm- + + + + +

o m e eemmeeeemn Fommmmman
| Hold mode
P
| WNS (ns)
| TNS (ns)
| Violating Paths:
| A1l Paths:

+

|

+ +

| | |

+ + +
| max_cap | 8 (8) | B.6000 | o (0) |
| max_tran | 0 (8) | ©.000 | o (0) |
| max_fanout | 0 (@) | 0 | o (0) |
oo e o gommm e +

Density: 37.754%

*#%% Fipal Summary (holdfix) CPU=8:00:01.7, REAL=0:00:02.0, TOTCPU=0:80:12.8, TOTREAL=
0:00:14.0, MEM=426.3M

#+gptDesign ... cpu = 0:00:14, real = 0:00:16, mem = 426.3M **

#*#% Finished optDesign ***

velocity 26> velocity 26> addFiller -prefix FILLER -cell FILLCELL X1 FILLCELL X2 FILL
CELL X4

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

verifyConnectivity -type all -error 1800 -warning 58

+ FILLCELL_X8 FILLCELL X16 FILLCELL X32

*INFO: Adding fillers te top-module.

*INFO:  Added 951 filler insts (cell FILLCELL X32 / prefix FILLER).
*INFO:  Added 1357 filler insts (cell FILLCELL X16 / prefix FILLER).
*INFO:  Added 3389 filler insts (cell FILLCELL X8 / prefix FILLER).
*INFO:  Added 5259 filler insts (cell FILLCELL X4 / prefix FILLER).
*INFO:  Added 15523 filler insts (cell FILLCELL X1 / prefix FILLER).
*INFO:  Added @ filler inst (cell FILLCELL X2 / prefix FILLER).
*INFO: Total 26479 filler insts added - prefix FILLER (CPU: 0:00,
#*% Applied O GNC rules (cpu = 0:00:00.08)

*INFO: Checking for DRC viclatiens on added fillers.
#*WARN: (ENCVFG-12): SPACING SAMENET value 880 has
800 will be ignored.

#*WARN: (ENCVFG-12): SPACING SAMENET value B
800 will be ignored.

F*WARN: (ENCVFG-47): Pin of Cell FILLE]
on Layer metall is not connected to a
onnect Global Nets to specify glob

.1).

defined on M7 layer, value
as been defined on M8 layer, value

® at (15.010, 20.525), (21.090, 20.695)
et. Use globalNetConnect or GUI FloorPlan-=C
et connection rules properly.

RC violation (real: 0:00:01.0).
-module.

inst of any cell-type.

es (cpu = 0:00:00.0)

s. (real: 0:00:01.0 ).

*INFO: Iteration 0-#1, Foun
*#INFO: Adding fillers to

velocity 27> []

Execute the commands or_m the right hand in the CUl line by line
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to perform the LVS check




E? Stepl15: Layout Vs. Schematic(LVS)

eikkkwdkk Start: VERIFY CONNECTIVITY ##kkisokok
Start Time: Wed May 27 13:34:30 2015

Design Mame: router LAFT TSV

Database Units: 2000

Design Boundary: (0.0000, 0.0000) (330.0100, 330.0100)
Error Limit = 1000; Warning Limit = 50

Check all nets

*#hk* 13:34:30 **** Processed 5000 nets (Total 13442)
4k 13:34:30 **** Processed 10000 nets (Total 13442)
Time Elapsed: 0:00:00.0

Begin Summary
Found no problems or warnings.
End Summary

End Time: Wed May 27 13:34:30 2015

*rkkdkrdkd End: VERIFY CONNECTIVITY #k#kks
Verification Complete : © Viols. O Wrngs.
(CPU Time: 0:00:00.5 MEM: 0.004M)

LVS check report on the CUI
Successful check (No errors and no warning)
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gn Rule Check(DRC)

E? Step16: Desi

ZXp035@zxp007:PandR |
File Edit View Search Terminal Help
L T T T L T E T T ——— e L LT T T TP +

Density: 37.754%

#++ Final Summary (holdfix) CPU=0:00:01.7, REAL=0:00:02.8, TOTCPU=0:00:12.8, TOTREAL=
0:00:14.06, MEM=426.3M

**optDesign ... cpu = 0:00:14, real = 0:00:16, mem = 426.3M **

#** Finished optDesign *#**

velocity 26> velocity 26> addFiller -prefix FILLER -cell FILLCELL X1 FILLCELL X2 FILL
CELL X4\,

+ FILLCELL X8 FILLCELL X16 FILLCELL X32

*INFO: Adding fillers to top-medule.

*INFO:  Added 951 filler insts (cell FILLCELL X32 / prefix FILLER).
*INFO:  Added 1357 filler insts (cell FILLCELL X16 / prefix FILLER).
*INFO:  Added 3389 filler insts (cell FILLCELL X8 / prefix FILLER).
*INFO:  Added 5259 filler insts (cell FILLCELL X4 / prefix FILLER).
*INFO:  Added 15523 filler insts (cell FILLCELL X1 / prefix FILLER).
*INFO:  Added @ filler inst (cell FILLCELL X2 / prefix FILLER).
*INFO: Total 26479 filler insts added - prefix FILLER (CPU: 8:00:00.1).

#** ppplied @ GNC rules (cpu = 0:00:00.0)
*INFO: Checking for DRC violations on added fillers.

*¥WARN: [(ENCVFG-12): SPACING SAMEMNET value 880 has been defined on M7 layer, value
800 will be ignored.

*¥WARN: [(ENCVFG-12): SPACING SAMEMNET value 880 has been defined on M8 layer, value
800 will be ignored.

**WARN: (ENCVFG-47): Pin of Cell FILLER 290 at (15.010, 208.525), (21.098, 20.695)

on Layer metall is not connected te any net. Use globalNetConnect er GUI FloorPlan->C
onnect Global Nets to specify glebal net cennection rules properly.

*INFO: Iteration 0-#1, Found ©® DRC violation
*INFO: Adding fillers to top-medule.

*INFO:  Added 0 filler inst of any cell-type.
#++ Applied @ GNC rules (cpu = 0:00:00.0)
*INFO: End DRC Checks. (real: 8:00:01.0 ).
velocity 27> verifyConnectivity -type all -error 1880 -warning 50

(real: 9:08:01.0).

ddckkdkdk Start: VERIFY CONNECTIVITY bk
Start Time: Wed May 27 13:34:38 2015

Design Name: router LAFT TSV
Database Units: 2000

Design Boundary: (0.8080, 0.0800) (330.8180, 330.0100)
Error Limit = 1080; Warning Limit = 58

Check all nets

##%#% 13:34:30 *++#* Processed 5000 nets (Total 13442)
##d% 13:34:30 **+* Processed 10000 nets (Total 134
Time Elapsed: 0:00:00.8

Begin Summary
Found no problems or warnings.
End Summary

End Time: Wed May 27 13:34:
##xxrkkd End: VERIFY COI
Verification Compl
(CPU Time: ©:08,

TVITY *kskokkskdor
t 0 Viels. @ wrngs.
.5 MEM: 0.004M)

velocity 28> []

#

#
verifyGeometry

# Step 14: Verification (DRC) (Verify --= Verify Geometry)

Execute the commands on the right hand in the CUI line by line
to perform the DRC check



E? Step16: Design Rule Check(DRC)

VERIFY GEOMETRY ...... Cells B Viols.
VERIFY GEOMETRY ...... SameNet B Viols.
VERIFY GEOMETRY ...... Wiring B Viols.
VERIFY GEOMETRY ...... Antenna : B Viols.
VERIFY GEOMETRY ...... Sub-Area : 1 complete 0 Viols.
VERIFY GEOMETRY ...... SubArea : 2 of 4
VERIFY GEOMETRY ...... Cells B Viols.
VERIFY GEOMETRY ...... SameNet B Viols.
VERIFY GEOMETRY ...... Wiring B Viols.
VERIFY GEOMETRY ...... Antenna B Viols.
VERIFY GEOMETRY ...... Sub-Area : 2 complete 0 Viols.
VERIFY GEOMETRY ...... SubArea : 3 of 4
VERIFY GEOMETRY ...... Cells B Viols.
VERIFY GEOMETRY ...... SameNet B Viols.
VERIFY GEOMETRY ...... Wiring B Viols.
VERIFY GEOMETRY ...... Antenna B Viols.
VERIFY GEOMETRY ...... Sub-Area : 3 complete 0 Viols.
VERIFY GEOMETRY ...... Subfrea : 4 of 4
WERIFY GEOMETRY ...... Cells : B Viols.
VERIFY GEOMETRY ...... SameNet B Viols.
WERIFY GEOMETRY ...... Wiring B Viols.
VERIFY GEOMETRY ...... Antenna : B Viols.
VERIFY GEOMETRY ...... Sub-Area : 4 complete 0 Viols.
VG: elapsed time: 2.00
Begin Summary ...
Cells : B
Sameiet ¢
Wiring : B
Antenna )
Short : B
Overlap : B
End Summary
Verification Complete : O Viols. O Wrngs.

B Wrngs.

B Wrngs.

B Wrngs.

B Wrngs.

DRC check report on the CUI

Successful check (No violations and no warning)
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Step17: Output files

zxp007:PandR

File Edit View Search Terminal Help

(CPU Time: @:00:00.5 MEM: 0.084M)
velocity 28> verifyGeometry
#**% Starting Verify Geometry (MEM: 476.7) *#%*
VERIFY GEOMETRY ...... Starting Verification
VERIFY GEOMETRY ...... Initializing
**¥WARN: (ENCVFG-12): SPACING SAMENET value 880 has been defined on M7 layer, value
800 will be ignored.
**¥WARN: (ENCVFG-12): SPACING SAMENET value 880 has been defined on M8 layer, value

800 will be ignored.
VERIFY GEOMETRY
VERIFY GEOMETRY ..

Deleting Existing Violations
.. Creating Sub-Areas
i . bin size: 2880

VERIFY GEOMETRY SubArea : 1 of 4
**WARN: (ENCVFG-47): Pin of Cell FILLER 292 at (28.810, 20.525), (29.018, 20.695)
on Layer metall is not connected to any net. Use globalMetConnect or GUI FloorPlan->C
onnect Global Nets to specify global net connection rules properly.

VERIFY GEOMETRY
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY ..
VERIFY GEOMETRY
VG: elapsed time:
Begin Summary ...
Cells
SameNet
wiring
Antenna
Short
Overlap
End Summary

Cells : B viols.

.. SameNet : B viols.

. Wiring : 0 viols.

.. Antenna : B viols.

.. Sub-Area : 1 complete © Viols. @ Wrngs.
.. SubArea : 2 of 4

.. Cells : B viols.

.. SameNet : B viols.

. Wiring : 0 viols.

.. Antenna : B viols.

.. Sub-Area : 2 complete © Viols. @ Wrngs.
.. SubArea : 3 of 4

.. Cells : B viols.

.. SameNet : B viols.

. Wiring : 0 viols.

.. Antenna : B viols.

.. Sub-Area : 3 complete © Viols. @ Wrngs.
.. SubArea : 4 of 4

.. Cells : B viols.

.. SameNet : B viols.

. Wiring : 0 viols.

. Antenna : B viols.

Sub-Area @ 4 complete @ Viels. 0@ Wrngs.

oo @

Verification Complete :

wwwwwkwsnsEnd: VERIFY ETRY % ko kb
**% yerify geome: CPU: D:00:02.3 MEM: 45.8M)

velocity 29> []

#
# Step 15: Data out (Timing --» Extract RC, Timing --= Write SDF,
# File --= Save --> Netlist)

saveNetlist output files/router LAFT macroTSV final.wnet
isExtractRCModeSignoff

rcout -spef output files/router LAFT macroTSV.spef

delayCal -sdf output files/router LAFT macroTSV.sdf -idealclock

saveDesign router LAFT macroTSV final.enc

Execute the commands on the right hand in the CUI line by line

118

to generate the output files and finish P&R




PandR.tcl script (1/5)

#

setUIVar rda_Input ui_netlist wvnet/router LAFT TSV.wnet

setUIVar rda Input ui_timingcon_file ../Syn/output_files/router LAFT TSV.sdc

setUIVar rda_Input ui_topcell router LAFT TSV

setUIVar rda Input ui leffile {macro/TSV.lef shome/zxpB35/lib/NangateOpenCellLibrary.le

i

setUIVar rda_Input ui timelib {/home/zxpB35/1ib/typical.lib macro/TSV.lib}

setUIVar rda_Input ui_pwrnet VDD
setUIVar rda_Input ui_gndnet VS5
setUIVar rda Input ui_cts cell list {CLKBUF X1 CLKBUF X2 CLKBUF X3}

commitConfig
win

floorPlan -s 300 300 15 15 15 15

#set halo#

addHaloToBlock 0.5 0.5 0.5 8.5 -allBlock

createRouteBlk -box 0 @ 380 65 -layer 11
createRouteBlk -box B 65 65 265 -layer 11
createRouteBlk -box 265 65 380 265 -layer 11
createRouteBlk -box @ 265 380 380 -layer 11

#place macro

placelnstance
placelnstance
placelnstance
placelnstance
placelnstance
placelnstance
placelnstance
placelnstance
placelnstance
placelnstance
placelnstance
placelnstance
placelnstance

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

tsv_input_up@ 75 75 RO

tsv_input_upl 75 90 RO

tsv_input_up2 75 105 RB
tsv input up3 75 120 RO
tsv_input_upd 75 135 RO
tsv_input_up5 75 150 R@
tsv_input_upb 75 165 RO
tsv_input_up? 75 180 RO
tsv_input_up8 75 195 RO
tsv_input_up9 75 210 RB
tsv input upl® 75 225 RO
tsv input upll 75 248 RB
tsv_input_upl2 75 255 RO
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PandR.tcl script (2/5)

HlaceInstance tsv faulty output up@ 225 255 R@
placeInstance tsv_faulty output down® 248 75 RO
placeInstance tsv_faulty input upl 240 90 RO
placelnstance tsv faulty input downl 240 1085 R@
placeInstance tsv_faulty output upl 240 120 RO
placeInstance tsv_faulty output downl 248 135 RO
placeInstance tsv_faulty input_up2 248 150 RO
placeInstance tsv_faulty input down2 240 165 RO
placelnstance tsv_faulty output up2 240 180 RO
placeInstance tsv_faulty output_down2 248 195 RD
placelnstance tsv faulty input up3 240 216 RO
placeInstance tsv_faulty input_down3 248 225 RO
placeInstance tsv_faulty output up3 240 240 RO
placelnstance tsv_faulty output_down3 248 255 RO

placelnstance tsv faulty input upd 255 75 RO
placeInstance tsv_faulty input downd 255 90 R@
placeInstance tsv_faulty output upd 255 105 RO
placeInstance tsv_faulty output downd 255 120 RO
placeInstance tsv_faulty input up5 255 135 RO
placelnstance tsv faulty input down5 255 150 R@
placeInstance tsv_faulty output _up5 255 165 RO
placeInstance tsv_faulty output down5 255 180 RO

createObstruct 65 65 265 265

# Place your hard-macro manually

#saveDesign floor.enc

#

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

CreatePGPin VDD -net VDD
createPGPin V5SS -net VS5
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PandR.tcl script (3/5)

addRing -nets {VS5 VDD} -type core_rings
-spacing_top 2 -spacing_bottom 2 -spacing_right 2 -spacing left 2
-width_top 1 -width_bottom 1 -width_right 1 -width left 1
-around core -jog_distance 0.095 -threshold @.095
-layer_top metallf -layer bottom metalll -layer right metald
-layer_left metal9
-stacked via top layer metalll -stacked via bottom_layer metall

[#

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

[

addStripe -nets {VSS VDD} -layer metal8 -width 1 -spacing 6
-block_ring_top layer limit metal9 -block ring bottom layer limit metal?
-padcore ring top layer limit metal9 -padcore ring bottom layer limit metal?
-stacked via top layer metall® -stacked via bottom_layer metall
-set_to set distance 15 -xleft offset 6 -merge stripes value 0.095
-max_same layer jog length 1.6

Step 5: Power route (Route --= Special Router)

T 9

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

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

i
# Step 7: Optimization (preCTS) (Optimize --= Optimize Design)
[#

6ptDesign -preCTs
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PandR.tcl script (4/5)

=

# 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

=

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

optDesign -postCTS

optDesign -postCTS -hold

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

setNanoRouteMode -quiet -routeWithTimingDriven true
setNanoRouteMode -quiet -routeTopRoutingLayer default
setNanoRouteMode -quiet -routeBottomRoutingLayer default
setNanoRouteMode -quiet -drouteEndIteration default
setNanoRouteMode -quiet -routewithTimingDriven true
routeDesign -globalDetail

“

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

optDesign -postRoute

optDesign -postRoute -hold
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PandR.tcl script (5/5)

#
# Step 12: Add fillers (Place --= Physical Cells --> Add Filler)
#
addFiller -prefix FILLER -cell FILLCELL X1 FILLCELL X2 FILLCELL X4
FILLCELL_X8 FILLCELL_X16 FILLCELL ¥32

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

verifyConnectivity -type all -error 1000 -warning 50

#
# Step 14: Verification (DRC) (Verify --» Verify Geometry)
#
verifyGeometry
#
# Step 15: Data out (Timing --= Extract RC, Timing --> Write SDF,
# File --> Save --> Netlist)

saveNetlist output files/router LAFT macroTSV_final.wnet
isExtractRCModeSignoff

rcOut -spef output files/router LAFT macroTSV.spef

delayCal -sdf output files/router LAFT macroTSV.sdf -idealclock

saveDesign router LAFT macroTSV_final.enc
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g?' Final chip layout
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