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1 In this lecture we learn all the above steps in detail for

> ASIC Platform
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ASIC Design Flow
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ASIC Design Flow: Synthesis
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1 “Synopsys Design Compiler” is a popular synthesis tool both in academia &

industry
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Design Compiler

 “Design Compiler” can perform both the RTL and logical synthesis

(1 Design compiler also provides a framework to perform both flat and
hierarchical synthesis

[ Translation is done by the following commands in DC:
> read_verilog

if (high bits == 2'bl0)

residue = state table[index]; 4 {;:zzlaéeeriloglread vhd1)
1
> analyze/elaborate el \

HDL Source

______ > Optimize + Map
L These commands perform e E \(’compue)

> Syntax CheCkIng s Generic Boolean F

» Synth. with general elements (GTECH)

Target Technology

(1 GTECH are technology-independent cells
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Design Compiler: Help

[ To find help on any product of the Synopsys you need to find the SOLD file

$SYNOPSY S/SOLD-2009.06/top.pdf

top.pdf - Kongueror,
Location Edit View Go Bookmarks Tools Settings Window Help
A4 PALODRDD G QL% - 11 Q O »l 3
: b Location: |Ejfile'.n'home.u’cad.u’synopsySISOLD—2DDQ;DE;’mp.pdf "l E
i_. s <z R v - = =y T T e —— ' I
Astro® PrimeRail
H eI fo r a | | Astro® Interactive Ultra PrimeTime® Suite
p BSD Compiler Raphael™ NXT
n O S S rOd u CtS == Design Compiler® Star-RCXT™
y PSYS p e Design Vision™ TetraMAX®
02 DFT Compiler/DFTMAX™ (V)HDL Compiler™
e ESP
== Formality® Other Products
Hercules™
3
IC Compiler
- IC Validator L |
L | JupiterXT™
14
Liberty™ NCX
Library Compiler™
Milkyway™
[15 [«1 [2]
|Page 1 of 6
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Design Compiler: Help

M To find help on any DC command: dc_shell> man

______pouni@ICIC:~workshop/synthesis/micio- Shell - Konsole

Session Edit View Bookmarks Settings Help

usage: man [-adfbktwW] [section] [-M path] [-P pager] [-5 list]

[ m system] [ p string] name ...

: find all metching entries

: do not use cat file

: print gobs of debugging information

: as for -d., but also displav the pages

: same as whatis(1)

: print this help message

: same as apropos(l)

: search for a string in all pages

: use troff to format pages Zor printing

! print location of man page(s) that would be displayed
(if no name given: print directories that would be searched)

W : as for -w, but display filenames only

EtmRAFOoOROOLA D

C file : use file' as configuration file

M path : set search path for manual pages to “patlh’
P pager : use program pager' to display pages

5 list : colon separated section list

m system : search for altsrnate system's man pages
p string : string tells which preprocessors to run

e — [nlegni1) p - pic1) t — thl1(1) -
:‘ @] Shell -
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Design Compiler: Help

[ Synthesis is a path-based process

U STA is a required step in synthesis |, o,k Design compiler

1 Four paths in the following example

21y sl ol e g
o JL«:‘ LgLQ.’Qoadm U“L”"

0 Silw ae Fow lpla
VLY

CLK

-F”.l:”-

Design Compiler
—_— Sl ey s )
o siiley dmlxe 1 (STA)
WS oo oolainl yuse
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Design Compiler: Initial Setup

N
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Libraries
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DC Setup File
y
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Design Compiler: Initial Setup

Technology
Libraries

DC Setup File
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Design Compiler: Initial Setup

[ Synopsys has a setup file called “.synopsys_dc.setup”
M Three libraries should be specified in this setup file.
» Technology Files

= Information about the functionality and characteristics of standard cells

= Wireload models to calculate the wire delays

® Provided and supported by semiconductor companies

= in .lib format, which can be compiled to .db format by Synopsys Library Compiler
» Symbol Files

= Graphical symbols of each cell, used to show a cell symbol in design schematic

= Provided and supported by semiconductor companies
» Design Ware Files

= Used to implement operations like “+ - * > =< “
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Design Compiler: Initial Setup : Technology Files

cell ( OR2 3 ) { <€ Cell Name
aJ_:ea : 8.000 ; < Cell Area (umZ)
pin ( Y ) {

pin

direction : output;
timing ( ) {
related pin : "A" ;
timing sense : positive unate ; Pin Timing
rise propagation (drive 3 table 1) { Characteristic Curves Load

values ("0.2616, 0.2711, 0.2831,..) (OR) .30
}
rise transition (drive 3=
values ("0.0223, 0.0254, 10
function : "(A | B)"; € PinY Function \ — 01
max_ capacitance : 1.14810 ; ] ] ¢ ] ]
min capacitance : 0.00220 ; €— Design Rules forPinY ¢ . '2>
0 0. N o.
(A) { Input Transition (ns)

direction : input;
capacitance : 0.012000; <= Electrical Characteristics of Pin A
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Design Compiler: Initial Setup

N
Technology

Libraries

>

DC Setup File
J
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Design Compiler: Initial Setup: DC Setup File

[ Synopsys has a setup file called “.synopsys_dc.setup”

welh oo akie search path o a5 6,95 0
i |y alige lo wlbuliS Joee oS Conl ol 555 2l wllis « target library e 4 ood ools Comd ailbulis
WS (o0 csls gl Design Compiler  lawgs a5 coul Ban
Design il oldes Jsb 58 5 g LS los
aSluls ol 5l oo oSkee L kS Compiler

# sSynopsys se. file S e ol
set search path "$search 7. ca ./unmapped"
set target library Core slow.db > e 3 (s€arch_path) sgs- alibl> ;o Il DC omy 5

S e 9w link library
set link library "* core slow.db"

set symbol library core.sdb
- Sldds & clels )| plas a5l (g link library
20 39290 slo GBSl b .ol oo Lasuine ] 0 b
Wgdm oo (asiive pate opl j0 o target library
yolie sllow ailuls  symbol library s
WS oo i |y b
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Design Compiler: Initial Setup: DC Setup File

O Summary: Setup file libraries

Library Type Variable Default File Extension
Target Library target library {“your library.db”} .db
Link Library link library {<*” “your library.db”} .db
Symbol Library symbol library {“your_library.sdb”} sdb
Design ware Library synthetic library {} sldb
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Design Compiler: Directory Structure

|, Design Compiler ai o
J.:.,S |).?| ‘_5)9;25).3.‘& O'.’.‘ )“

my_design/

uly

.scr or .tcl files
Script commands or Temporary FI|ES
constraints

Compiled files
or data bases
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Partitioning in Design Compiler:

G¥iue > g oo UNGTOUP 3 XOUP jgiws g0 5l solawl L Design Compiler ,o U
Bgad 7Nl 7,k o |,

ungroup
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Partitioning in Design Compiler:

Sles ol 7 )b 4o W il aides S Wil 0 grOUup jgwsd

ul u2 u3
SR

DES_B

TOP_Design ‘V
ul u23

group -design_name NEW_DES \
-cell_name U23 {U2 U3}

U2

DES_B

TOP_Design

© M. Shabany, Digital VLSI System Design




Partitioning in Design Compiler:

A5 oo B> 1y Sl aleds Zolaw ples ungroup jgws U

U2
)
current_design NEW_DES
ungroup {U2 U3}
DES_B ‘L
TOP_Design NEW_DES
- Ul u23

at

TOP_Design NEW_DES
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Timing and Design Constraints in DC:
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Timing and Design Constraints in DC:

Rewrite Write RTL
HDL Code

Simulate
OK?

Major SIS Constraints & Attributes
o HDL Code .
Violations? Area & Timing Goal
to Gates

Met

[ Analysis Constraints?
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Timing and Design Constraints in DC:
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Timing and Design Constraints in DC:

 The synthesizer is “lazy”, if you don’t set the proper constraints
it will select constraints that will make him work less.

Always set proper constraints

O Timing Constraint
» Max delay combinational delay
» Max area total circuit area
» Max power for power limitation
» Setting the constraint does not guarantee the result!

d By default, timing constraints have higher priority over area constraint
» “-~ignore_ tns” -> give area priority over timing
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Area Constraint in DC:

Sws b o ol Covgamme Jlesel (o CSlu slo 4 s alS jshaie o
ey (50 B 4 (5598

current design <my design>
set max area 100

100 um

Minimum Area

current design <my design>
set max area 0

When both area and delay constraints are set, design compiler will give speed priority
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Timing Constraints in DC: Clock Definition
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Timing Constraints in DC: Clock Definition

clk TO_BE_SYNTESIZED
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Timing Constraint: Input/Output Timing

 Paths that are between FFs are timely optimized with create_clock command
M The input/output paths, however, are not timely optimized this way.

g 5 oslatwl b X e
sl o suiile; create _clock

N )

f TO_BE SYNTHESIZED
@ OO T

el

Al oauis gaisle; 390 S g N (slo yuno
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Timing Constraint: Input Path Timings

 To work properly with an external core sitting off the chip connected to the input

/ External Logic /TO_BE_SYNTH ESIZED\ \

Launch edge
triggers data _0

Next edge
captures data

clk

o
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Timing Constraint: Input Path Timings

kI~ |
I |
I I '
A : )IK Valid new Data : p 4
1€ > - € > !
(Tclk-q+TM) (TN+TSetup)
Input Delay

dc_shell-t> set input delay -max 4 -clock Clk [get ports A]

<€ > € >
Delay of Time left for
external logic internal logic

© M. Shabany, Digital VLSI System Design




Timing Constraint: Output Path Timings

1 To work properly with an external core sitting off the chip connected to the
output

U3 launches [ TO_BE_SYNTHESIZED\ '/’""Eifér'n'a'l'LB'gi'c """" « External flip
data B : flop captures
L data
—©O——»— & |
clk | I
- \ 7 i
\ I I
v A\
K ? “« ll\*- _______ :_ ___________ /’
L) 7 |
: ‘\ 1 |
I \ ! :
! T
T T
Tclk-q 5 Tsetup
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Timing Constraint: Output Path Timings

Launch Edge Capture Edge
clk | |
] - :
. | .
I Valid new Data |
s 1 X D G
'€ > - € > !
(Tclk—q+TS) (TT+TSetup)

Output Delay
dc_shell-t> set output delay -max 5.4 -clock Clk [get ports B]

|
Launch Edge I
1€ >1
Constraint of your
output path

Capture Edge

Data must be valid here
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Timing Constraint: Summary

J Always have a “Time Budget”
d With the simplified timing assumption:

» dc_shell> create_clock “CLK” —period T —waveform { T/2 T } -name cn

» Delay of input signals (Clock-to-Q, Package etc.)
dc_shell> set_input_delay 0 —clock cn all_outputs() — CLK

» Don’t forget! Remove_input_delay [get ports CLK]

» Reserved time for output signals (Holdtime etc.)
dc_shell> set_output_delay 0 —clock cn all_outputs()

» SDC file (write_sdc)
> Later STA & P&R tools need these constraints
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Don’t trust the synthesizer too much

Area vs Propagation Delay (AES 8-bit Look-up table)

A : : : : . . :
e S S 1 s -
X | a = s | = =
X i : ; E : :
T e S M S ]
X : : : : : :
) 4 : : :

Pl AR . e ST ST -
—_ ! : : X b
E s : '
= " 0 ]
er Il ¥
2, : :

% 15‘.0H e —— Y [ ——— | I —— [ P T ———— i .......... [ ———— | A —— ¥ R —— -
= :

10.0k ===="="=- - == === === = == == s=ssss g s mss s Egea s s s s s EEaEE s sEsmap s s =

_£__1x256 byte
loak-up
S.Gk o = e 4 == e s e s m e e s s b s e e ————— -
0.0 i L i 1 H H 1 i
12 1.4 16 1.8 2 22 24 26 =8 3

Propagation Delay [ns]
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Don’t trust the synthesizer too much

Area vs Propagation Delay (AES 8-bit Look-up table)

‘“"'. . : . . : . :
L A 0 S S
X : : : : : : !
* ] E L] ] ¥
e e et e i S S 1
Tl X ; : = = a s
PR Ky 2( :
20,0k [roemmmrmesd s sk 2 e P R e ey n
= : i : E E A E X
g i _I_ L] L] ] i i L]
a3, ; : + : : ; : :
g 150k [ i prosreere B N— s A — oo .
E ] 1 n ] [ [} + 1 : +
100k |=========" = ree=ssessgaa; @ ceeessssgeesesss e smssssapes s geesemesees -
8 _1x256byte G5, :4x64b
look-up look-up
5.““ e e - . . r----------i- R bR R R R B ) e
; : AL !
: ; H*
0.0 i H i i i 1 i i
1.2 1.4 16 1.8 2 22 24 26 2.8 3

Propagation Delay [ns]
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Don’t trust the synthesizer too much

Area vs Propagation Delay (AES 8-bit Look-up table)

R : : : : : : :
L e S S S S }
X ‘ : : : : ! ;
* i § : ¥ i i Ll
SR [ U S SULUIE RSO SRS SN SR S S .
+, : : ; : ; : :
4 X, : : : : ! :
* N E E i
200k [-mmm=ee- R % X --------- Pormemcnnnniaazizs o2 XX.
2 T |
7 Mk = i
7 150k [rremeeeee frmmsmeenees “'E; --------- SRCRTETERe dosoosnas dees e nas fommmeemes eeenaanas .
z : : % iE S +

10.0k fr========- I —— : 2. . - - - -- : R 8 B -......i......-..-...-i.-........._
—S—1x26byte S {4 6dbyte v-|5 fxS2pye §

look-up ook-up look-up
Y — . s LT O ST Pt SRR SO -
; ; 2 3. : :
: B+ : B}:
0.0 i i ] ] i i ] I
1.2 1.4 1.6 1.8 2 2z 24 2.6 2.8 3

Propagation Delay [ns]

© M. Shabany, Digital VLSI System Design




Environmental Attributes
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Environmental Attributes

set operating condition
set input delay

_[>

set driving cell

set load

v

Set output delay

set_wireload_model
\_ _J

YYY

© M. Shabany, Digital VLSI System Design



Environmental Attributes

S35 b ole a5 o)l 5L Design Compiler « >9,5 Jloe caiile) .88 dnwlre 4 a5 L O
sl (295 sldsle

L 99y sldye & )b S 0y G aS wes o |y Bl pl L 4 set load jgee O
S Jloel (6350925 AllS” )0 Johu Sy 09) iilon (29,5

Outl _3_5 dc_shell-t> set load 5 [get ports OUTI1]

g1

G595 Abuls 5l euS 5l e o o) e load of  1lib/cell/pin jyius O
A8 oo Jlesl Oy SO @

Outl

dc_shell-t> set load [load of my 1lib/AN2/A] [get ports OUT1]
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Driving Cell at Input

39,9,005 ley aS s ls 5Ls Design Compiler (csg,9 jlow gaiile) 380 dwlne s a>g5 b O

sl oly Joko G aS w0 ) oGl ol s 0 set driving cell ,gi.e O
S5 B 50 609, Dym e ln ) 2

TO BE SYNTHESIZED

>——D
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Environmental Attributes

)L’-;}‘6‘551"-.’.‘)*5‘0-"’%“33))[5-3LGLG‘J?L“aWPUWL’“LS‘ﬁ}MJ*‘QPﬁ -

S bl jo Ll pl ogh o a8)5 a3 0 dwgy 90 g g oo S ¥

83,5 oo atiee
-« set operating conditions ,gi.s jleslanl b Slles alizee Lyls O
Ded oo Jlosl
PR \\ o TTTEETEEEEEE T S
'I, \‘ 'I'
1 1o
| W |
t i
| O . - Worst
! Del Nominal o :
| o I | Dela Nominal
I Best ;) !
i : ' Best
1 ;!
1 1 | )
i Voltage b Process
‘\\ // ‘\\

R S N N RN N NN N R R S T S S R S S S N S S
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Environmental Attributes

byl b )l sd oily o report 1ib libname ,gios el L O
S oomlice |, Sllas

For Setup Time For Hold Time tSlbdes byl s (6l O

Ex: set operating conditions -min library fast -min fast /
-max library slow -max slow
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Wireload Model

Q2 o b w Fan-out lo! oo 6 oo3lL RC 51 wess Wireload Jo. O

}‘NV\'ED

Name : 160KGATES .
Location . e e cle R per unit length
Resistance : 0.000271 )
Capacitance . 0.00017 €— C per unit length
Area : 0
Slope : 50.3104

Fanout Length

1 31.44

2 81.75

3 132.07 Time Unit : 1lns

4 182.38 Capacitive Load Unit : 1.000000pf
5 232.68 Pulling Resistance Unit : lkilo-ohm
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Wireload Model in DC

current design my design
set wire load model -name 160KGATES

mode = top

SUB

o o o e
[ —————

WLM_SUB
\\x —’,,
s S ¢l DC enclosed o o s &g |, 7,k ples DC d0P o o
CoaS 85 e sk o 1, Sl wireload ales sl 5Ls 0,50 Wireload g ois o
(f@&uw)w‘od;ﬂab“) o)j@)b)é‘)C)bLQYLC‘E’“LQLQ""

dc_shell-t> set wire load mode top
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Design Rules and Min Timing
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Design Rules in DC

Sledsho lp (leudgame B 0,8 (oo a5 1) (b aclgd (sols ans sleiS ;2 O
QS ol Fanout 4 105 Ly« o5l L s 5l eo a0 aie

2 oW HLLelS 0,5 0 Shse (gile A al 8 e o ol &5 Sl O

S35 b i (gl |, oatedis e Al p Bas slbogusw |y 7 b b wss
P ot A S Sk Sog Sl ol g 45 el ilo e Ky JaF Lo
i P 1y &8 ) JWSe Bhie B s)ls 5l
max capacitance s

L b aelgd slebsgase (p age O
max_trans:Lt:Lon

max_f anout

l; 59959 6[.@‘.:)9; 6‘); fanout Al
rbs ) b o sl ples s‘f
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Hold Time Violation

FF2 & 09,5 Jatie b oloy ol o5lasl 4 FF1 5l wledbl a5 ol Sl powine Hold time 0O

4 ~ e
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Hold Time Violation

56, Ll s ( SWS slo 4zl g9, » 99>90 Clock Skew « #,b < Hold time ;.0 O
3,8 (K Lo _Js Hold time

CLK

FF1/CP ----J

FF2/CP

I
ValiéI
—): Hold :(—

FF2/D
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Hold Time Violation: Solution

& JiSKs S oy Ol ey o sS€@t_input delay -min g O
2S5 oo A 0]y 69559 Dom S
min 0.3ns

< >
4 N N )

TO_BE_SYNTHESIZED

“""“‘“"@“’”ﬁ“’"’“
i ) \J_ Y.

dc_shell-t> create clock -period 10 [get ports Clk]
dc_shell-t> set input delay -min 0.3 -clock Clk $all in ex clk

FF2 s s Hold Time 357
A JB‘J&-N prowe b Ins ).31).3
Syl 5L ey 0.7ns
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Timing Analysis
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Timing Analysis

Design Analyzer

A 4 A 4
HDL VHDL
Compiler Compiler
Design Compiler
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Timing Analysis

S, 2o 4 oo Jleel slobogase Wil oo Jloe LT a5 aiS o aseine Ssliwl Sloy Sl Q
g el 1 (g5, » Sealad (g5l el aSul e 035 0551 Sboj Sl

_Z / CLK1 \
D

s CLK2 Default
- /

Timing Paths Paths groups
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Timing Analysis

Wl 535 e
Wireload Jos
Sl o¥lasl Joe
Sldes Lyl | e " Look what’_s-_--x\

. under the hood of |
\% this thing!

—,
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Compilation

l Change the Effort Level
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Compilation

HDL GTECH sl & #,b sl O

N

Architectural Dgd (o bas

Sl Ko 9585 Jolo gsllas gl
Logic-level L g ool Mol 7,k slonogams

v

Gate-level

v

Optimized Netlist

b e Rl W 5

© M. Shabany, Digital VLSI System Design




Compilation Report

Beginning Delay Optimization Phase

ELAPSED WORST NEG TOTAL NEG DESIGN
TIME AREA SLACK SLACK RULE COST ENDPOINT
0:10:04 2761.7 1.38 3.20 18.1 Zro Flag reg/D
0:10:05 2761.7 1.38 3.20 18.1 Zro Flag reg/D
0:10:08 2761.7 1.28 3.10 18.1 Zro Flag reg/D
Critical Path Sum of all timing
timing violations violations

© M. Shabany, Digital VLSI System Design




Compilation Report: Slack

S 90 abaii 5l JiKw b oiS oo Jgb a5 conl Sloj A(P) ¢ jne S sl tATTIVAl TiMe U
sy L alads & s

3,10,L3 38 e b ol lp S 6 a5 conl by oo ;5L R(P) :Require Time U

Sged Al |, Slack g » Require Time s Arrival Time ;1 oolaxal L :Slack 4

Slack = R(P) — A(P)

ol A5 56 0 SO o S p Slack e

Dy o0 095 Slo slbdgame 4 b 9 0,105 )18 Slisu s jo g5 PosItIve Slack

Dy o0 095 Slo slbdgamme 4 b B 4 Jg ol Sl e 10 04 :Zer0 Slack

2,08 849 Sloj sl :Negative Slack

Sloj i 5l 7 b g5le age s Slack s5le aige
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Compilation

HDL . . s .
Sl dige b 550 Sy90 y00

Architectural Dol PL”-;‘ Cﬁ_lam raL‘,.‘; 4o b

N

Logic-level I, HDL o5 0 ol JleelO

v

Gate-level

v

Optimized Netlist
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Compilation Report

dc_shell-t> report constraint -all

Information: Updating design information... (UID-85)

hkkhkkkhkkkkhkkkkhkhkkkhkhkkkkhkkhkkkhkkhkkkkhkkkkhkkhkkkkk

Report : constraint 4?°Aﬁ’;“ ‘L§|"“°5 “‘Y‘Jéjé

-all violators

Design : RISC_CORE JAOW) 'ol.?u‘ LS’;“"’)“) D (Gs> g C).L:

Version: 2002.05 . . X -
J%b 4%-u1>-Qy?9 bn_vjﬂo‘J%‘)o.duub

Date : Wed Jul 3 09:38:42 2002

hkkhkkkhkkkkhkkkkhkhkkkhkhkkkkhkkhkkkhkkhkkkkhkkkkhkkhkkkkk ?o;

max_delay/setup ('Clk' group)

Required Actual

Endpoint Path Delay Path Delay Slack

RESULT DATA[1] 1.20 1.30 r -0.10 (VIOLATED)
RESULT DATA[2] 1.20 1.26 r -0.06 (VIOLATED)
RESULT DATA[8] 1.20 1.26 r -0.06 (VIOLATED)
RESULT DATA[14] 1.20 1.22 r -0.02 (VIOLATED)
RESULT DATA[S5] 1.20 1.22 r -0.02 (VIOLATED)
RESULT DATA[11] 1.20 1.22 r -0.02 (VIOLATED)
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Incremental Compilation

HDL

Ny

dc_shell-t> compile -incremental mapping

Architectural

v

Logic-level

v

Gate-level

v

Optimized Netlist

4 090 (oo el CuS mhw o (il aige Las D
Jos GTECH sl a5 o)Lgs 7, Jds ot
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Incremental Compilation

HDL dc_shell-t> compile -inc -map high

Ny

Architectural

v

Logic-level

v

2O gl > =ls o o L oo ol assls
Gate-level gis Jol> mll ;o (g0 b 9wl

v

Optimized Netlist

o Jesl ) olo,Saly Lais o5le age o0,6K10

2l e ml g o el bl D
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Compilation

[ Usually, we have to perform 2 or 3 compiles

> 1st compilation Rough compilation (timing only)

dc_shell> compile —map_effort medium

> 2nd compilation Refine circuit area and timing

dc_shell> set_ultra_optimization true
dc_shell> set_ultra_optimization -force
dc_shell> compile —map_effort high —incremental _map

> 3rd compilation Optimize power
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ASIC Design Flow: Revisited (Placement & Routing)

P Standard
Specifications Cells
l Ves l Pre-Layout Post-Layout
. Simulation . Timing Yes Back Timin Yes Logi
RTL Codin T Svnth —> > —»| APR |—» —> § ogic
& Pass? yhthesis Alanysis Annotation Alanysis | verification
T Pass? Pass?
. 1
i Test Bench Timing NO NO
Constraints
Tapeout
1. HDL Coding 2. Simulation 3. Synthesis 4. Placement & routing 5. Timing Analysis & Verification
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ASIC Design Flow: Revisited

Tape out

Post Layout
Simulation

Synthesis

DRC/ LVS

[ We are Here

Place & Route Verification
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Placement & Routing Steps (SOC Encounter)

Library -=>

_ User Data
Design Import

-->

Floorplaning

Timing Analysis

<- -

Routing

-->

Power Planning Power Analysis

€==- Stream Out

Placement [ Timing Optimization ]

* def
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Placement & Routing: Setup

o aluls O
(Operating Conditions) Ll Lol % * LEF <€&— (Physical Library) JIS ;.8 aslsols @
s & x|jp <€— (Timing Library) Sy bl e

(Capacitance Table) ;s Jgo> °
Celtic asbulis o
Fire&lIce/Voltage Storm wlslis e

sboy s

TCL Format €

—

We use SOC Encounter from Cadence for P & R
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Placement & Routing: Setup (LEF Files)

Layers Design Rule Parasitics Physical Rules

- " Net width = Resistance = Unit

" Net spacing = Capacitance = Site
®Contact " Area = Routing pitch

* Enclosure = Default Direction
Metalt’ * Wide metal " Via generate

= S|ot = Via stack
¢ Vial = Antenna

Metal2’

= Current Density
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Placement & Routing: Setup (LEF Files)

Physical Rules

Physical Macros

= Unit

= Site

= Routing pitch

= Default Direction
= \ia generate

= \ia stack

U Define physical data for
» Standard cells
> 1/0 pads
» Memories
» other hard macros
(1 Describe abstract shape
» Size
» Class
» Pin
» Obstruction
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Placement & Routing: Setup (LEF Files)

 Unit & Site

~a row
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Placement & Routing: Setup (LEF Files)

1 Routing Pitch & Default Direction

E T |metall routing pitch
]

Horizontal| Vertical
routing routing

metal2 routing pitch
etalZ2 routing pitc Metall Metal2

Metal3 Metald
Metal5 Metal6
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Placement & Routing: Setup (LEF Files)

 Via Generate:
» To connect wide metal, create a via array to reduce via resistance
» Defines formulas for generating via arrays

Layer Metal
Direction HORIZONTAL
OVERHANG 0.2

Layer Metal2
Direction VERTICAL
OVERHANG 0.2

Layer Via1
RECT -0.14 -0.14 0.14 0.14
SPACING 0.56 BY 0.56
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Placement & Routing: Setup (LEF Files)

[ Via Stacks

\'

- -

Without via stack With via stack

€ Higher density routing
@ Easier usage of upper layer

€ Must Follow minimum area rule
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Placement & Routing: Setup (LEF Files)

Physical Macros

[ Define physical data for
» Standard cells
> 1/0 pads
» Memories
» other hard macros
( Describe abstract shape
» Size
» Class
» Pin
» Obstruction
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Placement & Routing: Setup (LEF Files)

VDD

VSS

MACRO ADD1
CLASS CORE ;
FOREIGN ADD1 0.0 0.0 ;
ORIGEN 0.0 0.0 ;
LEQ ADD ;
SIZE 19.8 BY 6.4 ;
SYMMETRY X vy ;
SITE coresite
PIN A
DIRECTION INPUT ;
PORT
LAYER Metall ;
RECT 19.2 8.2 19.5 10.3

END ADD1
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Placement & Routing: Setup (LIB Files)

LIB Content

[ Operating Conditions
» Slow, fast, typical
M Pin type
» input/output/inout
» function
» data/clock
» capacitance
 Path delay
M Timing constraint
» setup, hold, ...
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Placement & Routing: Setup

 If designing a chip, 10 pads, power pads and Corner pads should
be added before the netlist is imported.

(J Make sure that there is no “assign” statement and no
“*cell*” cell name in the netlist.

 Use the synthesis command below to remove assign statements
set _boundary_ optimization

1 Use the synthesis commands below to remove “*cell*” cell name
define_name_rules name_rule —map {{\\*cell\\* cell”}}

change names —hierarchy —output name_rule

© M. Shabany, Digital VLSI System Design




Placement & Routing: SOC Encounter GUI

— | BEncounter — fexport/home/nschang swark SOC50C1 8/50C /connect_power.enc — Top Cell: (CHIP)
INI €11 1] S| Desion FipChip  Porlition  Feomplan  Place  Cock Boule Tming 51 Power Vedly  Teoks

ol glgjelwl 8 ol EE oo @k 8| &|o)] o Design is

tTooIs —

tool widgets™] X |
&2

switch bar

L ) display control
design display area
IR P

AR R AR R A ;LI

ErEEEEEEER E| (e le 7 77 1 TeemEm

|

. . - T R hvietall =

design views — G : () prgt erall ijr

i Mealz W

i . i hietals T

%! - i netald i

H hvietals  HlC

W :

LAk o

]| noE

a4 i

name of N auto query ves M
selected

"a | { wsssm, 1305) cursor coordinates
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Placement & Routing: SOC Encounter GUI

1 Tool Wedgits

Calculate
Zoom Hierarchy Fence Attribute Xwindow

Design Import Fit  Previous Down/Up Density Editor dump/undump

| | | | | | |
o @@ oo o EE oln] @« 8| &8lo)] o)
| | | | | ‘

Zoom Zoom podraw Undo/Redo Design
In/Out Select Browser Summary Report
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Placement & Routing: SOC Encounter GUI

[ Display Control

Select Bar

All Colors /\ All Colors |
e —
hodule Mjl\i Isi Inst m;I\i IEi Layers =

nsance

Black Box M I Net . Metald o1 T
Fence i | Shet o [ Metall I I
Gude i I RoutBlkg i~ I Metalz @l I
Obstruct M- PlacBlkg W~ Metals  Z4 I
Region _f I~ CellBlkg 1 I Metald i T
Screen i I Congestion {1 _I Metals BT T
Instance L4 Pref Track i1 _I V0T o
Met o NPref Track i1 _ V12 - r
Shet W GCell r r V23 o
Pin e InstPin .1 I V34 - H N
Ruler i Row 8 o Va5 -
YCongest 3l hetal Fill W~
HCongest 3
Text -
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Placement & Routing : Design Views

—lews-

JSo a0 |y o¥lasl g (510 abade &g |y Module g S'eb :Floorplan gl
Ao o swles Flight Connection €=

QS oo Latiine oleil> 5l e |y e Module sogue :Amoeba sl

w05 oo s | LT s YLl o] o a3 S5l 5 Ldshes slail> oS> Physical sl @

Amoeba Physical
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Placement & Routing Steps : Design Import

Library -=>

_ User Data
Design Import

-->

Floorplaning

Timing Analysis

<- -

Routing

-->

Power Planning Power Analysis

== Stream Out

Placement [ Timing Optimization ]

* def
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Placement & Routing Steps : Design Import

Design — Design Import

[ Max Timing Libraries
» Containing worst-case conditions for
setup-time analysis
[ Min Timing Libraries
» Containing best-case conditions for hold-
time analysis
[ Common Timing Libraries
» Used in both setup and hold analysis
10 Assignment File:

» Get a |0 assignment template

Design | Core Spec Defaults 3 Timing i Power ; Ilisc, i

— Metllst —=
‘/ Verilog Files::/exporthome/nschangfvork/S0C J
ILM Files:
Top Cell: ~- Auto Assign “~ By User: CHIP

= Technolov:ormatioanhysical Lib-aries:
LCF Files: ileffurmec10_6lm_cic.lef leffume10io

FE Technology Files:
Stel. Cell Libraries:
Block Cell Libraries:
|C Cell Libraries:
ArealD Cell Libraries:

EnEEEEE|

Black Box Libraries:

— Timing Libraries:
j Ivlez Timirg Libraries: lib/DPRE<¢16_slow_syn.lib lib/slo J
Idin Timirg Libraries: lib/DPRE- x16_fast_synlib lib/fast _l
Carmmen Timirg Libraries: lib/DPRG 2016 _typical_syn.lib libt _l

Stamp Model Definitions: _|

Stamp todel Data:

— Foptprints:
Buffer Marme/F ootprint: :BIUF
“ Delay MName/ ootprint: (DLY

Inwerter Mame/Footprint MY
-1 Generate Footprint Based on Functional Equivalence

— 10 Information:

!/ |G Assignment File: CHIP.joc

Save... | Load... Cancel | Help |
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Placement & Routing Steps : Design Import - Timing

[ Design Import
;Desigh-l Core Spec Defaults | Timing I Power | Misc. | € Default Delay Pin Limit:
- Delay Calculation Defaults | » Nets with terminal counts greater than
» E’;“"I‘dep“,'ef":g...m the specified value are assigned the
erau elay Fin Limit -
Default Net Delay:| 1005005 default net delay and net load entries.
Default Met Load: 2 0.5pf .
Input Transition Delay:f 120.0ps ‘ DefaUIt Net Delay'
~ RC Extraction » Set the delay values for a net that
Capacitance Table F"E:W meets the pin limit default.
Capacitance Scale Factor: 1.0
Coupling Cap. Scale Factor:M . Defalllt Net LOﬁdI
Resistance Scale Factor:§ 1.0
Shink Facton| 15 > Set the 'load for a net that meets the
—Tim?]ﬁ_(:unstraintlnfonnation plﬂ llmlt defaUIt-
iming Constraint FIIe:§CH|P.sdc .. )
O . € Input Transition Delay:
Time Unit: 7 From Lhery v Tns v 16 v 1008 v 100ps | » Set the Primary inputs and clock nets.
cancel | help |
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Placement & Routing Steps : Desigh Import - Power

 Specify the names of Power Nets and Ground Nets

Design Import

e =
- -
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Placement & Routing : 10 Placement

1 Pads are inserted based on the specified IO files

HillE
.

—]

-
IIII

= = '
floowo | [1oves) - -
Y )
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Placement & Routing : 10 Placement

1 Pads are inserted based on the specified IO files

I;I

Version: 1

Pad: CORNERO NW
Pad: PAD CLK N
Pad: PAD HALT N

A CORNERO CORNER14A
Pad: CORNERI NE o i
Pad: PAD X1 W oo v
Pad: PAD X2 W W5 E
[~ N
Pad: CORNER2  SW i .

Pad: PAD_IOVDD1 S PAD_X1 PAD_VDD{

Pad: PAD 1OVSS1 S
e ol |§ ¥
CORNER3

Pad: PAD VDD1 E P ——
Pad: PAD VSS1 E
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Placement & Routing : 10 Placement

 Create an I/0 assignment file manualy using the following template:

MicronPerUserUnit: value

Pin: pinName side |corner

Pad: padinstanceName side|corner [cellName]
Offset: length

Skip: length

Spacing: length
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Placement & Routing Steps : Floorplaning

Library -=>

_ User Data
Design Import

-->

Floorplaning

Timing Analysis

<- -

Routing

-->

Power Planning Power Analysis

€==- Stream Out

Placement [ Timing Optimization ]

* def

© M. Shabany, Digital VLSI System Design




Placement & Routing Steps : Floorplaning

— Design Dimensions

Floorplan — Specify Floorplan Speclfy Dimensions by,

“ Size hy:

“~ Core Size by: “~ Aspect Ratio: / Ratio (HN\!):EEM
Vgore Utilizaﬁon:§ 0711806

- Width and Height: 70056

- 70s.487

- Die Size by: Width and Height . 125102
1255617

Core Margins by, “~ Core to 10 Boundary
~. Core to Die Boundary

/Core to Leﬂ:f 80.32 %ore to Top:é 80.7
%ore o] Right:§ 80.0 %ore to Bottom:é 80.08

Die Size Calculation Use:  ~~ Max 10 Height
“~ Min 10 Height

Floorplan Originat; ™ Lower Left Comer

-~ Center
~ Diefl0{Core Coordinates:
0.o oo 1255.617 125112
1844 18413 1060717 1056.22
275.22 274,96 980,717 375,52

unit: micron

Standard Call Rows

ouble-back rows: Ej Bottom row orlent. 1 — |

Row Spacing: §D.D um ForEwvery 2 —| Row
Row height: :5.04

— 10 Specifications
Bottom 12 Pad Crientation: | | = |

OK | Apply | Cancel | Help |

© M. Shabany, Digital VLSI System Design




Placement & Routing Steps : Floorplaning

d |
d |
d |
Double-back rows: 7 |
Row Spacing > 0 ” |
\ d |
a

Row Sw
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Placement & Routing Steps : Floorplaning

Floorplan - Place Blocks/Modules - Place .

[~ PlaceBlocks |||
— Place Blocks
Run hode:
D AUtomatIC place blOCkS <+ Initialize a new placement
.. Scale Module Guide to
» Black boxes and partitions and hard “ 2

~~ Improve current placement

macros at the top-level design

Effort: « Low “~ Medium -, High
laPlace hard macros inside modules

fww with prefix % bp
D BIOCk ha|0 — Core Size
= Fized
» Specifies the minimum amount of space Width:| 623 957 Helght|  515.52
around blocks that is reserved for routing. v Y
— Global Block Constraints
Block halo: § 30.0
Aspect Ratio for Modules/Blackboxes:
Minimum: § 0.s Maximum:i z.0
ok | aply | cancel | Holp |
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P&R Steps : Floorplaning (Black Halo)

Sledolo 5 LS5 50 40 16515 590 5l a5 das o |y Sl ol b 4y a5 el 5,5l Block Halo
oS s Sole b o oad olails ol

Block Halo m = = = = = =

il

|
|
|
|
"
|
|

Block
Block Halo
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Placement & Routing Steps : Floorplaning

Floorplan — Specify Floorplan

.IIIT

| W

Ea I Ty
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Placement & Routing Steps : Floorplaning

Encounter - fhome/raidl_3fusex03493009/encounter/PR - Top Cell: (CHIP) CEX]
Design Edit Hlip Chip Partition Hoorplan Place Clock Route Timing sl Power Verify Tools Help
el Qe @ o &G BB ol Bt B &8l 6 m Designis:  In Memary
Tools All Colors
\ C{}> YOS5
e Module |

Black Box
?u Fence |
2nso| Guide |
Obstruct 1l
Region o
Screen
Instance
et ||
Shet
Pin o
Ruler
WCongest [l
HCongest [l

Text

hModule: DCT Q 1( -423.834, 735.6584)
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Placement & Routing Steps: Power Planning

Library -=>

_ User Data
Design Import

-->

Floorplaning

Timing Analysis

<- -

Routing

-->

Power Planning Power Analysis

€==- Stream Out

Placement [ Timing Optimization ]

* def
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P&R Steps : Power Planning
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P&R Steps : Power Planning

Wire Group
Power — Power Planning — Add Rings No interleaving

T
i

[,
EE
A 1
Wire Group
interleaving

| et o |
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P&R Steps : Power Planning — Block Ring
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P&R Steps : Power Planning — Block Ring
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P&R Steps : Power Planning (Add Strip)
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P&R Steps : Power Planning (Add Strip)

Power — Power Planning — Add Strips
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P&R Steps : Power Planning

Power Planning without Power Planning with shared
Shared Ring Edge Ring Edge
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Placement & Routing Steps: Placement

Library -=>

_ User Data
Design Import

-->

Floorplaning

Timing Analysis

<- -

Routing

-->

Power Planning Power Analysis

€==- Stream Out

Placement [ Timing Optimization ]

* def
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P&R Steps : Placement
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P&R Steps : Placement

€ Prototyping : Runs quickly, but components may not be placed at legal

location.
€ Timing Driven:
» Build timing graph before place.

» meeting setup timing constraints
with routability.

» Limited IPO by
upsizeing/downsizing instances.

@ Ignore Scan Connection

» nets connected to either the
scan-in or scan-out are ignored.

€ Check placement after placed
» place ?Check Placement

— Placement Effort Level
“~ Prototyping

~ Low Effort

~ Medium Effort

~ High Effort

I Timing Driven
= CHIP.post_tdp.w

_I lgnore Scan Connection

_I lgnore Spare Cell Connection
.1 Save Placement to :CHIP.place

OK | Cancel Help |
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P&R Steps : Placement (Standard Cells)

chematic
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Placement (Standard Cell Rows)

P&R Steps

e
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P&R Steps : Placement

0SS 2llCore maw (o 1, 8 lailkiw] slodolu a5 0gs pualys ol Lo al> 1o ol o Q

DS o 58 e S0 il o el e a5 Sl B o lasbenl sledole U

Place — Standard Cells...
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P&R Steps : Scan Chain

1 Scan chain is normally used for after tape-out verification
» Full Scan
» Partial Scan

w1—>. — m_—p _»)
° Combinational . . N :
Wh — e | 7 Combinational y
n circuit K = circuit >
Scan-out Sca n —-Scan-out
Y3
Y3 0
Q o QT Mode E 9 o
I 4
Y
D) 0 2
Q . V2
Q D
<l— <
—
Y.
Y1 0 1
. < i Q D
<}—o
<l—9
Clock  Scan-in I\W\I/Scan K Clock Scan—i/
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P&R Steps : Scan Chain

[ Scan chain is normally used for after tape-out verification
» Full Scan
» Partial Scan
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Placement & Routing Steps : Clock Tree Synthesis

Library -=>

_ User Data
Design Import

-->

Floorplaning

Timing Analysis

<- -

Routing

-->

Power Planning Power Analysis

€==- Stream Out

Placement [ Timing Optimization ]

* def
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Placement & Routing Steps : Clock Tree Synthesis

 Clock Issues
» Heavy clock net loading
» Long clock insertion delay
» Clock skew
» Skew across clocks
» Clock to signal coupling effect
» Clock is power hungry
» Electromigration on clock net

[ Solutions of these problems may be conflict

[ Clock is one of the most important treasure in a chip, do not take
it as others
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Placement & Routing Steps : Clock Tree Synthesis

Solee Component g & S JuXew Arrival Time ogles oSl o U
65 Clock Skew

soliu] WS 6l 6555 wolis 0,98 5l b wsS oo lolg 1, #1,b Clock Skew U
Dgls (o o i &S el ol il asS

osirs A3 SAS b s s Clock Skew b JSiiw opl 5l oles! L;!,;El

NESWRe) US.M )‘d@o
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Placement & Routing Steps : Clock Tree Synthesis

Skew L[l
el Clock aSis i 1 jioge @
22 plaisl o al, SWS ol 0,90 1) » el (oo @
Power []
] s (lg7 00LS OB pan s SIS W
gl ate S e 4 b Sink slasgs 51 ol slaws L

SYsb laws SIS los a4 el Global UKo G WS 9> L

Yo
NS OUEN-.)
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Placement & Routing Steps : Clock Tree Synthesis
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Placement & Routing Steps : Clock Tree Synthesis

5 oS oS U SIS 28, @ wilgs o Clock Tree v 5l solaw! U

g oo Vb ks Job g Clock Skew =
Clock s o Clock Tree ,» Buffer Insertion ;l eolaxwl L ®

Sly eSS0 Skew
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Placement & Routing Steps : Clock Tree Synthesis
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Placement & Routing Steps : Clock Tree Synthesis

Clock Period >t

v

g*jf Logic IO R u—’)-’“’“'l" ’tlogic

10

|

15

20

|

9

15

12

+ t

logic skew

Clock Skew

+ t

Su

™~

950w bl Setup Time it

20

20

Clock Skew =20—-9 =11 unit

20

|
200

Clock Skew =0
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Placement & Routing Steps : Clock Topology

m
o —0
A
Ja
T A T
O D_ﬁ_q
D_
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Placement & Routing Steps : Clock Tree Synthesis

Clock tree style
Trunk-and-Branch
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Placement & Routing Steps : Clock Tree Synthesis

Create Clock Tree Spec ——>»  Clock

v

Spec.

Specify Clock Tree <€

v

Synthesis Clock Tree

v

Display Clock Tree

Modify

Netlist
Synthesis Report
Clock nets
Routing Guide
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Placement & Routing Steps : Clock Tree Synthesis

Create Clock Tree Specification
Buffer Footprint: clkbuf

\ﬁnuerter Footprint: clkinw

Cancel | Help |
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Placement & Routing Steps : Clock Tree Synthesis
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Placement & Routing Steps : Clock Tree Synthesis
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Placement & Routing Steps : Clock Tree Synthesis
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Placement & Routing Steps : Display Clock Tree

Display Clock Tree
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Placement & Routing Steps : Display Clock Tree

Clock — Display — Display Clock Tree

By Level By Phase Delay
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Placement & Routing Steps : Timing Optimization

In—Place Optimization

O Used for
» Setup Time
» Hold Time
» Design Rule Violation

© M. Shabany, Digital VLSI System Design



Placement & Routing Steps : Power Analysis
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Placement & Routing Steps : Add Filler

_/

N

\

\

N\

I
I
I

4
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Placement & Routing Steps : Add Filler

 Connects |10 pad power bus by inserting |10 filler.
(] Add from wider filler to narrower filler.

¥ ADD IO FILLER
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Placement & Routing Steps : Routing

Library -=>

_ User Data
Design Import

-->

Floorplaning

Timing Analysis

<- -

Routing

-->

Power Planning Power Analysis

€==- Stream Out

Placement [ Timing Optimization ]

* def
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Placement & Routing Steps : Sroute
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Placement & Routing Steps : Nanoroute

NanoRoute
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Placement & Routing Steps : Nanoroute

Route — NanoRoute — Route

v
Design Edit Synthesis Partition Floorplan Power Place Clock Route Timing 51 Werify Tools Help cadence
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[ERRafoo[WE &9 5 @m0 FENE|  pues o
BRI EEENE Y ES

Physical Yiew
Instance

Std. Cell
Physical Cell
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Block
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Ohstruct

Cell Blockage []
Instance Pin  []
Cell Layout [
Standard Row [ |m
Metal Fil  []w m
Violation W
et OOw

W OE NN NN |(N<
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Special Met L
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Bus Guide -
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Placement & Routing Steps : Timing Analysis

Histogram Diagram
1. Timing - Extract RC...

2. Timing - Timing Analysis

3. Timing = Timing Debug - Slack Browser

i Timing Debiig,

Elle  Analysis Category  Help

Report File(s) [top-mtarpt

-026 -013 000 013 026 033

Category Summary
Mame all
Total Path: 3674
Passing Path: 2825
Failing Path: 849
W -0.269000
TNS -79.068993

Path Histogram

Path Category

|all

- eartecton | [ |
| | -nzes] -73.089 | 849
N Positive Slacks

Negative Slacks

Path List
Category: all,  Slack Range: all Page 4 2 3 4 5 B p| M %
| | [Al
1| clkfeading)-=clk{eading 6803 -0.263 | Unit?Atmp_tam_reg[128][1 5] /D
z | clkgeading)->clk(eading 6.796 -0.262 | Unit2trp_ram_reg[53][15] /D
3 | clkfeading)-=clk{eading 6800 -0.257 | UnitzAtmp_tam_reg[82][15] /D
4 | clkfleading)->clk(eading 6801 -0.257 | UnitzAtmp_tam_reg[7](15] /D
5 | clkfeading)-=clk{eading 6814 0,253 | UnitzAtmp_tam_reg[B5][15] /D
6 | clkfeading)->clk(eading 6815 0251 | UnitzAtmp_tam_reg[220][1 3] /D
7 | clkfleading)->clk(leading 6.509 -0.250 | Unit2Atmp_ram_reg[57][15] /D
i clk{leading)-=clk{leading 6.808 -0.250  UnitZAtmp ram reql71115] /D
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Placement & Routing Steps : Routing

Library -=>

_ User Data
Design Import

-->

Floorplaning

Timing Analysis

<- -

Routing

-->

Power Planning Power Analysis

€==- Stream Out

Placement [ Timing Optimization ]

* def
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Placement & Routing Steps : Timing Analysis

e Cwyd a1y (edd obys g gleilx) cul ool J )b
asle Verification ell slp g oS o Jows GDSIT s &gl J
GDSII L6 ;5 Tape-out sl 045 o ool DRCy LVS

D¢ oo ooliw 8 Fab 4l

1.Design— Save — GDS

2.Design— Save —Netlist

Post-layout ;L 4 9 LVS slxl glp oV cwyd 4 )b o &6
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