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5 sl Brattain o Bardeen Log e 3l ooJ4
(U.S. Patent 2, 524, 035)
Diaaram from patent application
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(U.S. Patent 2,623,105). sls &5 )| oLw
Diagram from patent application
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® 1959: Jack Kilby, working at T, dreams up the idea of a
monolithic “integrated circuit”

O Components connected by hand-soldered wires and isolated by
“shaping”, PN-diodes used as resistors (U.S. Patent 3,138,743)

Diagram from patent application
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® 1961: Tl and Fairchild introduce the first logic ICs ($50 in

quantity)
® 1962: RCA develops the first MOS transistor
Fairchild bipolar RTL Flip-Flop RCA 16-transistor MOSFET IC




Computer Aided Design

® 1967: Fairchild develops the “Micromosaic” IC using CAD

® Final Al layer of interconnect could be customized for different
applications —




RAMSs

® 1970: Fairchild introduces 256-bit Static RAMSs
® 1970: Intel starts selling1lK-bit Dynamic RAMs

410Fairchild 0 256-bit SRAM Intel 1103 1K-bit DRAM




1 ) guing 199 50

® 1971: Intel introduces the 4004

O General purpose programmable computer instead of custom chip for
Japanese calculator company

£
=
% |
O
=

10




(Yo) o) syt b QYY) oyl > b

(1.6 GHZ)Core i7 - (1 MHZ) Intel 4004 -
32NM-45NM (5905 © 10pUM (g3g0sss ©
Ssbegsl gl I ° s Sl J 0

<5l duds b e 3 o (55w ainge al8lax> =, Module ,»  ©

Memory Controfer 4

Shared L3 Cache-
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IC  ~l,b gl
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oS Allax Lyl gl J g ons b ST SS o 3l 5 ples FUll Custom 1L o
Dy (o0

Z b i (oS 5l e ASIC (Application Specific Integrated Circuit) o

2wl Custom 3 ASIC 1L 51 _aals :Semi- Custom o
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ASIC gl

Full-Custom ICs/Fixed ASICs and Programmable ASICs

VO U Ve o o Shad oS el Lalls eSidw 5l U sl o pls ol aakad © Wafer ©

A5l oo Chip oo Jolis S5 ,o a5 el Wafer Y- b o Llz ¢ Wafer Lot ©
ol a8 515 T S IC b oS el eSilew 51 U Jubains gl asks : Die ©®

Al bz ¥ VO UV ls wly o IC 2 Mask Layers ©
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ASIC ¢l

e

v v

) [

ASICs
v v 4
Stnadard-Cell Gate-Array based Praogrammable
based ASICs ASICs ASICs
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Full-Custom ASIC

S oo oolewl FUll-Custom ASIC 5 Sl a>

el 4l JLas ] s cenlie (655)9iST ailiulis a5 Jloy  ®

D155 g (B o5lail 4 (55505585 UL y0 95250 slo oS g o ol a5 Loy @

slome wx Sl iy (Brae Ol LIS 655555 AlulS )5 0s2se sla CuF 5 b sk &5 e

a2l bk

Colas b 0095 SzsS (BIS 03lil 4y (63515355 ailsuliS’ 50 05290 slo oS 5 la Jolo o5 Loy ©
295 $Y e a5l 2 b

g b sl (Jg cwnl j ol b as e Colue od oS Jdo @ FU”-CUS'[OFTJ ASIC s
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Semi-Custom ASIC

Standard Cells

Gl b pldl g b s ols gilhie gl Soly 5l awle o jlailinl o Jolu

3l oolawl ol ool cad g ol J 2l L8 1 aS Sy g oS 5 slelos
:o)‘d..SLL.J 6[.@ J9J.w

.M@‘@J#QMAﬁ‘»sod;;@Y# 1)@51“ ol

Develop predefined Implem antations of basic gates with standand form-factor

ﬂ E S

17



Semi-Custom ASIC

Gate Arrays

Standard Cell
Adjustable Spacing T 1T 11T ]

Megacells

Gate Array - Channeled

Fixed Spacing

e o o

~

] \

[ \

[ e i |

\ ]

\d v )

1 J
-
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Semi-Custom ASIC

Gate Arrays

Gate Array - Channel-less
(Sea of Gates)

Base Cell

Gate Array - Structured

Ej] Fixed Embedded Block °
Iran’s Center for Inte; Vr:cd Circuits (ICIC j 19




Semi-Custom ASIC

® Semi-Custom ASICs — Cont’d [ osic bk

. Interconnection switches

| 1/0 block |
* Programmable ASICs - Cont’d - -
® Structure of a CPLD / FPGA
=1, . ___. .-__ =
_% "l PAL-like PAL-ike [T, |2 3 5
. block block LA -3 = z
ol - - |2 S 2
[ [ [ 4 [ [
L | ¥ ¥ L
: Interconnection wires : [ | [
[ I [ [l 1 1 I —— I
¥ L I | ¥ ) L ¥
T (a) General structure of an FPGA
- - 1=
_% PAL-like PAL-like - 12

(b) Pin grid array (PGA) package (bottom view)
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CPLD Structure

* Integration of several PLD blocks with a programmable
Interconnect on a single chip

%9019 0/1
%20ig 0/1

X
o
o)
o
o
Q

%o0ig 0/1
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CPLD Example

INPUT/GLCK1 = * .
INPUT/GCLRn > * .
INPUT/OE1 —> ? ?
INPUT/OE2 D_l I w
$ Yy #VV L A J
LAB A LABB
—=
= 810 16 810 16 ]
e Macrocells SF 326 Macrocells Vo)
ﬁéop}r?s . Control <+ 1to 18 7 7 17 to 32 _"_’Control Ll E’(tjop}r?s
¢ Block Block .
£ 16 16 =
@_ !‘ h ‘ ’. _@
r ‘ N
L s
¢¢ 810 16 810 16 “
LA/ A
LAB C PIA LABD
= ]
o) 81016 Macrocells 36 36 Macrocells 81016 e =
3 (t)op}ﬁs s |Control [ 331048 | (=7 = | 49t064 ~ comoll & ﬁ (gop}r?s
. Block Block d
<t 16 16 g™
@_ /’ » ‘ ,.r _@
1‘ b' ‘ /'
w 8to 16 810 16 w
\Ad \ A 4
o ®
o ™
o ®
L
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FPGA Structure

FPGA building blocks:

 Programmable logic blocks
Implement combinatorial
and sequential logic

I/0

Wires to connect inputs and
outputs to logic blocks

* Programmable I/O blocks
Special logic blocks at the
periphery of device for
external connections

(XX ]
’s Center for Integrated Circuits (ICIC:




FPGA o053Lo (cleS sl

131 oS ,Le FPGA ousjle sla S'ols

SIS q558 slo sl ©

albl> oo Sol ®

DSP cla Sl ol o glate ols ola Ssb ®
PS50 g gm0 glo Ssly
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FPGA s 4l ilis sloslal

QS o iwools [ b oS 5 la o LUT ©
QS o il ooy |y 7 b 5 5 sla o - Register ©
Carry Logic ®
Expansion Logic ®

Select

l

} Out

OO wm >

Clock
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Look-Up Table (LUT)

S 0dgi 1) (699,0 N oS 5l 0 Wilgs o (909,s NLLUT S @

s . . T ®

)

oo w>

LUT implementation

.|
)'.

[@] Truth-table Gate implementation
’s Center for Integrated Circuits (ICIC 26




LUT & g5k ool

® Example: 3-input LUT X1
X2

® Based on multiplexers (pass /,

transistors)

Configuration memory
cells

® LUT entries stored in
configuration memory cells

X3

27




_ er Programming
Before Programming

* 6 pass transistors per switch matrix
interconnect point

- Pass transistors act as programmable
switches

- Pass transistor gates are driven by
configuration memory cells

28
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——————

<"Verilog ™
*. Netlist .-

e =

FPGA Design Flow

Nerilog test
‘pench

S - B

Design Stage | Tools

Verilog Design Text Editor
Emacs, Nedit, Vi

Verification Modelsim SE
Leda

Synthesis Xilinx ISE - XST
Synplify Pro

Pyhsical Design & | Xilinx ISE

Implementation

Xilinx Impact
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-

 Verilog test—»|

Verilog Coding

“bench .- )

v

( )

Functional/Gate

Simulation/Verification
o J

A

~

Logic Synthesis

J

~N

Test-Insertion

J

\ 4

;~ Verilog " ~
. Netlist .- v
\._. ___.’ 'a
A
|\
i T s

-

~N

Static Timing Analysis

v

-

Floorplanning/
Place & Route )

\ 4

------- s

.- \

Clock Tree Insertion )
Final Layout )

v

Timing Extraction

y
Final Design Check )
DRC/LVS

[Tran’s Center for Integrated Circuits (ICIC) |
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techfilelef
techfile.ggf
* |ef i
*Hf
“rdef

,
S~ -

......

Design Stage

esign Flow

«—i Verilog

Tools

Verilog Design

Text Editor
Emacs, Nedit, Vi

Verification Mentor - Modelsim SE
Synopsys - Leda
Synthesis Synposys - Design Compiler

Test Insertion

Synopsys - TetraMax
Mentor - Fastscan

Static Timing Anal.

Synopsys - Primetime

Place & Route

Cadence - Sensemble/
SOC Encounter
Synopsys - Apolllo

Clock Tree Insertion

Cadence - CTgen

Timing Extraction

Synopsys - StarRXT
Cadence - Pearl

DRC/ANT Checking Cadence - Assura, Dracula
Mentor — Callibre
LVS Cadence - Assura, Dracula

Mentor — Callibre

31




Analog Design Flow

!‘ * lef
V RHf
\.j‘.def

.// techfile.lef \\.
! techfile.gcf '

1

Design Stage Tools
Schematic Entry Composer
Simulation Spectre
Layout Virtuosso
Pyhsical \erification/ Assura
Extraction Calibre
Post-Layout Simulation | Spectre
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Mixed Signal Design Flow

adence -Ultrasim

Digital Flow Analog Flow

......

 Verilog tesi;. < Verilo
~-fhench-- SgRTL
P scr
N4 +{test.scr
........ +—  techfile.gcf
......... * lef
...... ’ s *tlf
| techfile-lef *.def
techfile.gc
f
TS N * lef
*tif
*.def
- gds2",
g gd52\| 33
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Application Specific Integrated Circuit (ASIC)

o o

S0y oy 4 b oS o Jsb ool oley X

(Long Time to Market).sw ,»

L s 5 Cwd oI5 b sl X
FPGA

gl diges (6lp Vb an 0 X

LI

YU sy vV

oS Sras Oy v

(o3l oo o) )1 v/
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FPGA

Field Programmable Gate Array (FPGA)

ol Ll 5o

25 g @l g oy el bl v
ASIC & cos 5 b ey X

ASIC 4 s i e s X Syl adgl wiges (b (6l canlis 6151V
(Prototype Design) seie
Gl gl b gly saze solaiul el vV

ASIC jl 5 e ;) (b slaylnl v

m =S Cw‘ajxﬁ%lﬁ‘/
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ASICL 4.uie ,s FPGA

. Behavioral
Simulation
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Behavioral

I o
Eystems/( ~

Algqﬁitmg -~

Reg}éler—t nsfer
[/ ué:(
'I Tmnsl‘pr fund’tlms
| [
| é rCUIt

|' |
‘*3;
-
ransier Cells. M;u/

| I|
Ii'Q\eg Ist
""'w.

r|th
\ T Macros F Pla
stem 9 ‘9Bf v

(Archit ture) '--——Q—cmg}gm

S .

1) Chips, Physical Partitions
¥
Geometry

System Level

Algorithmic Level

(" Ai=A*B+F )
Processor IF(C=TRUE) THEN
A=A+2*F
ELSE A:=A-1
\ ENDIF Y,

Logic Level

Circuit Level
~ o )
\_ T r{..L g )
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\
ST el ZIN

Algorithmic level

Level of description
most suitable for synthesis

Register Transfer Level

Logic (gate) level

Circuit (transistor) level

Physical (layout) level

41



Register Transfer Logic (RTL)

Registers
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b e sl el

Diameter : 10 -30 cm
Thickness : 1mm

Single Die

Wafer

b SO dalise sl il b
aoye ®

(UM?)eolue  ©
i

(ns),=t °®

(MHZ) )5 s s ©®
2o ply o olaebl clls ©
. . s o

Crosstalk ;65 059 4
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J)\ 200 O

5 VDD) g sloy olyen 4 /O slosy bus 25,5 5 59555 sl
QS o 18 cam Gl VSS
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VDD/GND
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continuous
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the pad frame

Spacer pad
if no sigha
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Packaging Chip

Sl oz a5 IV

Cogb, plp 0 oz 5V

Syt |y oz (Sl o8V
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Package ,s Die ;ols |,

Flip-chip bonding Wire bonding
oL sles o © oS Gl o ©
25 oo 5l A Glojen &jea c¥lail © 29 oo By Sl Oyga oLl ©
5,8 B aly e ooz 5l aki e o leay © 0 250-400pM YL lg L IC o g IBHM lpews k3 ©
sl o5 Lo Cross Talk 505 51 © WS 8 e Byb > o wbleyy ©
sl | Cross Talk 59 aslys oo o0 LS 50 oo %

WIRE BOND
Bckd Compound

FLIP CHIP
Epoiy Uraerfil Die Wold Cap
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Packaging

;5] eaijlw olge ka5 5l Package glgl ©
(5 olyl) Sl @

(don &)l Jlsl &0 L) Sol pw @

» Package glss!l ©

Dual Inline Package ——-

Small Outline Integrated Circuit

Quad Flat Package
CSP/WLP
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e L. Standard
Specification
P Cells
Pre-Layout Post-Layout
. . Back ..

Synthesis Timing : Timing

\ ; Annotation ;
Analysis Analysis

Simulation
Pass?

Logic

RTL Coding Verification

Timing

Testbench Constraints

Tape-out

I | ——

Front-end Back-end
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Specification Cells
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Pre-Layout Post-Layout
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Constraints Tape-out

_H Hardware Description
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Synopsys VCS  ®

Modelsim ®

Specification SIEULE NCVeriIog
Cells
- - Pre-Layout Post-Layout :
. Simulation . . Back - Logic
RTL Coding Pass? Synthesis Timing Annotation Timing Verification

Analysis Analysis

Timing
Constraints

Testbench Tape-out
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Standard
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always @ (a, b)
case ({a,b})

2’'b00: out = 1;

2'b01: out =1;

2’b11:out=1;

default: out = 0;

endcase

out=ab+ab+3ab - FPGA
Logic l :
Optimization , e P,
B E Techno!ogy
\"appmg
Zﬁb’i 2L ASIC
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Altera Quartus 11 FPGA

Xilinx ISE FPGA
Mentor Graphics Precision FPGA/ASIC

Synopsys Design Compiler, Galaxy ASIC
Synopsys Synplify FPGA/ASIC

Cadence Ambit, BG, RC ASIC
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Design Compiler

Synopsys Design Compiler |58l s 5 (oS oo ooliiwl o1 5l sl jo Lo a5 g 5l

dc_shell>

-

dc_shell-t

design vision &

—

- Command line Interface

@™ Design Vvision 4 Gu

el 7 ___Design Vision - TopLevel.1 (microprocessor) » |~ .
Flle Edlt Vlew Select Highlight List Hierarchy Design Attributes Schematlc T|m|ng Test
HDHQ‘ |H@@@ ol (@) “] > | B | “J ‘”lmlcroprocessor :”H ) »
’—7 § Symbol.1l microprocessor
/ Logical Hierarchy
o) =-I0r==> microproces
+-DUnito
CY ? microprocessor
o +-DrUnitL
A |
4y = {GrUnit2
S
s Hier.l {¥ Symboll microprocessor
Fre Presto compilation completed successfully. ;]
design_vision>
Current design is 'microprocessor'.
Loading db file '/home/cad/synopsys/SYII-2009.06-8SP1/libraries/syn/generic.
4 | »
Log I History Options: ¥|
design_vision> ||
[Iran’s Center for Integrated Circuits (ICIC) | |Ready “—I Bl 4

NI

L_Design Compiler

—
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top.pdf - Konqueror:
Location Edit View Go Bookmarks Tools Settings Window Help

A 4PRAISODED QM -Q 14 G O b 3

k Location: Eﬁle:.n’homefcad.n"synopsvs.fSOLD—EﬂﬂQ.OEftop.pdl

SERER| AR,

age -
= Astro® PrimeRail
__ B Astro® Interactive Ultra PrimeTime® Suite
BSD Compiler Raphael™ NXT
= Design Compiler® Star-RCXT™
== Design Vision™ TetraMAX®
Oz | DFT Compiler/DFTMAXT™™ (VJHDL Compiler™ 7
—E= Formality® Other Products
M3 Hercules™
IC Compiler
E IC Validator |
L | JupiterXT™
14
Liberty™ NCX
E
= Library Compiler™
Milkyway™ =
15 [=ll<] = B
|Page 1 of 6
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Help )| o lasul 6g2%)

pouri@ICIC:~/workshop/synthesis/micro - Shell - Konsole
Session Edit View Bookmarks Settings Help

usage: man [-adfhktwW] [section] [-M path] [-P pager] [-5 list]
[-m system] [-p string] name ...

: find all matching entries

: do not use cat file

: print gobs of debugging information

: as for -d, but also display the pages

: same as whatis(1l)

: print this help message

: same as apropos{l)

: search for a string in all pages

: use troff to format pages for 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

EtmRAOHOOLA D

C file : use file' as configuration file

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

5 list : colon separated section list

m system : search for alternate system's man pages
p string : string tells which preprocessors to run
e - [n]egn(l) p - pic(l) t - thl(1)

g & Shell - |

68
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cell ( OR2_ 3 ) { F—————————  Co|| Name

area : 8.000

pin (.Y ) { ' T C¢o|| Area (um) A

pin

direction : output; Y
timing ( ) {
related pin : "A" ; B
timing sense : positive unate ;
rise propagation (drive 3 table 1) {

values ("0.2616, 0.2 Characteristic Curves Load

(OR) 30

rise transition (drive S A
values ("0 0223, 0. 0254;'.

St
unction : " "; % ' i -
max_capacitance : 1.14810 ; Pin’¥" Function g ' ' o1
min capacitance : 0.00220 ; i Deﬁgnl?umsforPh1Y8 g
(A) { s : e
direction : input; : .. 0 .. 0
capacitance : 0.012000; %= Electrical Characteristics Input Transition (ns)

of Pin A
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Technology
Libraries

DC Setup File
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DC Setup Files

DC

Sgh oo atie SEAICh_path o a5 o 55 0l JTechnoIogy Library
oaties |y dilizee glo ailulS oo a5 ol olog 955 ls P

alls < target_library e 4 oo osls o asbls 2
Jaw el ol Design Compile  Lug a5 cul Gos
Design Compiler .clS cldee Job 0 5 89,0 15
.M@glﬁ;ﬁ‘blﬁqu|}‘|)@wajibsbéwj
ppea

# synopsys file

set search path "$se

set target lilifary core slow.db

. : . e )
set link library "* coxre—=i- Sldshe @ wlels ) ol a5 el iz link_library
set symbol_library core.sdb 5 25790 o LS alaliy ol s et ol o b

Ngd s pazin piie opl o o target_library
J

ol ollow abots  symbol_library
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(Partitioning)  cox: ;>
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2905 55w ooly HDL (L5 o g plgn ) S8 slotn




Gake i sblye
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oo (65kw ool sl 5l sasre solawl cubsls
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,omodule s VHDL s entity <l jgiws

OiSee 3y e alede sLSel « Verilog

v2: e
end STR;

3
ces 6

ADR
CLK =g
wiolsitlls ADR BLK (... \
DEC Ul (ADR, CLK, INST):;
OK U2 (ADR, CLK, AS, OK):; AS
andmodula ;

c—c+)‘Q‘)O4St5:L-)L7:AL§L(bJ~S

30 e alides olon | cely 50 gu 20 oolaiu]

(ALU Jsle Jie) 008 o b

ADR_BLK
U1

DEC

U2

OK

Veril()g 9 VHDL 9o (SO r-)’.?

INST

OK
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Glue Logic

\
sthio Hlae g0 Wil a5 (gl col dlais low
Glue Logic S Jate oo |y 5 odumn

Qg.w < od..yol.;
\_ J
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Glue Logic ;| olas|

Combo
Logic
C + Glou

_ )
J=ls o Glue Logic :ysls 13 L

JB (295 i Slidee bS5l 51 (S

sl [y
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Top_level
Mid_level
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TOP
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Clock Gen.
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Olg oo UNGTOUP 3 Group ,sws ¢ 5l eolazwl L Design Compiler s
. - god C)La‘ CJ'E 5O b (Gas >

ungroup




SrOUp ,giws

Lled obul 7 b o wus Cole dlldl SO wilel o grOUP g

)

_O_

group -design name NEW DES \
-cell name U23 {U2 U3}

7

DES_B

: ——
TOP_Design Ul u23
_ DES B
TOP_Design NEW.
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UNgroup ,gws

LS e B | Slhe dlids ohu sl UNgroup Hgiwo

U1 U23 Iﬁ
U2

current design NEW DES
ungroup {U2 U3}

_ DES B Ul u23
TOP_Design NEW DES

TOP_Design NEW_DES
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Sl ﬁjy .xobt; AAU)g Y Oy g stf
Yes! ) & &l com yln olie s56l5155
@ oS L) gl (6 5lw eoly ol 18
J

after 20 ns and
2 clock cycles
QUTBUT <= INl1 + RAMI1;
wait 20 ns;

S lde jlag> IR Con oS (g o
aiile g oo ooliwl Ll 5l g5l ans (o

502 Wl 530 Jlosl
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[Synthesis of if statements]

Synthesis of case
statements

Synthesis of loop
statements

Synthesis of Flip-flops

Synthesis of
Arithmetic Circuits
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SUM <=
else
SUM <=

(if (SEL = '1l') then )

A + B;

Architecture A

Architecture B
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T & knsgae Jloel 5 (suisle;

Rewrite Write RTL
HDL Code

NO

Simulate
OK?

: Synthesis : :
Major HDL Code Constraints & Attributes

Violations? I Area & Timing Goal

Met
Constraints?

Analysis
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[ Timing and Area J

Environmental Attributes

Design Rules and Min

Timing

Timing Analysis
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Ss by ol Covgame Jlagl low Cole slo al e als jslaie o
Sy (50 B A (59,0

current design <my design>
set max area 100

Minimum Area

current design <my design>
set max area 0
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OOged (Al S a5 50
PPy IS PIgELIE

Duty Cycle ©

Skew ®

SWS o ®

One Clock Cycle

OOged yastiue SIS (a5 o
1l ol 25 slayeSe
(2 b y30) SIS i @

S gl 6,90 ®

( TO_BE_SYNTHESIZED \
CLK | ‘ | ‘ ‘ ‘
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clk TO_BE_SYNTESIZED

(" )

dc_shell-t> create clock -period 10 [get ports Clk]
dc_shell-t> set _dont touch network [get clocks Clk]

Design Compiler 4, “set dont touch network”™ ,qiws

e 9 5 3L SIS (old s oy pos 45 Wlogd oo
D50 ol LM s (g9, 5L a5 Al
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e (=955 9 (6999 (ssilo;

o S i 5 P SO )6%5}

b SIS @ anly slo 1/0 Giley iy yas

el 00l suile; create _clock

& A 4 TO_BE_SYNTHESIZE/ ) & A

L - J

Sl oais gaiile; 590 S g N (slo s
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External Logic
Launch
edge
triggers data

Next edge
captures
data
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ok |

\

X Valid new Data | )C

(Tclk-q+TM) (TN+TSetup)
Input Delay

<€ >! € >

set _input delay -max 4 -clock Clk [get ports A]

J\I

Delay of Time left for
external logic  internal logic

>
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U3 launches TO_BE_SYNTHESIZED)

-7
— IS AN

External

flip flop

captures
data
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Launch Edge Capture Edge

clk | |
I ! I
i I i
o : )IK Valid new Data : P &
1€ > € > 1
(Tclk-q+TS) (TT+TSetup)

Output Delay

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 and Area

[ Environmental Attributes ]

Design Rules and Min
Timing

Timing Analysis
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set operating condition
set input delay

)
' Ul

set driving cell

Js_et_load

set output delay

set wireload model
\_ )

Y
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G ole a5 0yl LS Design Compiler (9 e guiile) 580 acwlre 4 azgi L ¢
Sl 1y (295 sk 5315

S99 LgLe‘.‘.‘)% & u—?)u @}B Sl S aS s = I Ol.ia‘ Q.;.! Lol a0 set_load 5w ¢

S Jlosl (65905585 aloolS” jo Jobo S o 09 wiles (295 L

i
At

-

o [ set load 5 [get ports OUT1] ]

55555 alelS 5l euS 5l i o 08l e load of  1lib/cell/pin g ®
S o el &g S

A :
BANZ [ set load [load of my 1lib/AN2/A] [get ports OUT1] ]
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569959 51l ol &308 (5l o

39,9 ,185 yloj aS o lo LS Design Compiler . sos,s low gouils; 588 dle 4 amgi b @
Sl ) Oe S Sl SO

Sl oly Joko o a5 wme o |, oSGl ol s 4 set driving cell g ©

S S )8 (69958 Oy S slp ]y S

TO BE_SYNTHESIZED

S—1—
e D
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ce : & .- A ks FRTIN R ([
A ot lalpd b jo a8, G Sledshe 5 koo 12U Acule sl i Joe e 0
pain $ilgSS AlbelS jo Lulpd (nlogd (o a3)S A )0 Ay 95 9 Sy oo (Sho ¥

23,5 oo
/b 4 set operating conditions g jleslatul b Sllee calbises Lyls ©
Dgis oo Jlasl
,l’ """"""""" =S
, \
| |
i 1
: :
! Worst :
| Delay Nominal ]
i Best ]
I > |
: Process ;
\ /
\\- _________________ _/,
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RN o of e - - o . ‘. [
byl bl gwd Wly o report lib libname s jleolaiul |
2SS cdslin | Slles

(Operating Conditions: \
Name Library Process Temp Volt
typical my lib 1.00 25.00 1.80
low my lib 1.05 125.00 1.62
/Ci \ my lib 0.93 0.00 1.98 )
. & o .
For Setup Time For Hold Time Slles Lyl Cyenss oy
set operation conditions -min library lib name -min condition /
-max library lib name -max condition
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Wireload o

aes b Fan-out ol s G o3t RC 1 owess Wireload Joo  ©
DS o yly8 I8 e sy sole des GlesS i lawgs Wireload sle Joo ©

DELESD”

@me : 160KGATES \/ R per unit length

Location : ssc_pore_slow

Resistance : 0.000271 C:pertuﬂtlength
Capacitance : 0.00017 €

Area : 0

Slope : 50.3104

Fanout Length

Time Unit : 1ns

Capacitive Load Unit : 1.000000pf
Pulling Resistance Unit : lkilo-ohm




Design compiler ,sWireload  Joo o

current_design my_design
set wire load model -name 160KGATES
V4
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\
\
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Timing and Area

Environmental Attributes

Design Rules and Min
Timing

Timing Analysis
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Slp clsogame U Wi, S o i o ], 2k acld sole aas LS b
QS olel FANOUL 4,135 ey « 55 b Ll 5l oo &0 fate sleJ gl

ol HLLalS 0,5 0 Shge gle dge w8 e 0 ol o5 S

Solw p Bu WRTRCINP I FRRVLY

S5 b et el |, e oo x slog ook s

55 o B P IS L Oy S

Sladl ol cpm a5 cenl Slej s SIS e

! o292 |y S 59y JiSKem Glate B ojlo L5 ]
max_ capacitance :

max transition

max_f anout

L 9949 LSLQ-’)}’ 6‘)-’ fanout Ao

b ) b o ks el 6‘f
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Hold Time ¢lals

FF2 o 5q,5 ot b lej ol o5lasl s FEL 5l Gledlol a5 el Sl osins Hold time ©

CLK
D )
0 5
FF1/CP —j

- .o

FF2/CP

1 Hold 1€
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slolas 29, sl 59959 55U Jlosl

Hold Time

S ey by oy, Set _input delay -min g ©
115 ¢ min 0.3ns S DS oo 5015 (69959 Dyey SO Ay S
4 N\ TO_BE_SYNTHESIZED N )
© § ‘°
\< >/ _ Y,

create clock -period 10 [get ports Clk]
set input delay -min 0,3 -clock Clk $all in ex clk

FF2 oy s Hold Time 51

Syl 5L by 0.708
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slolas 29, sl 59959 55U Jlosl

Hold Time

S ey by oy, Set _input delay -min g ©
116 ¢ min 0.3ns S DS oo 5015 (69959 Dyey SO Ay S
4 N\ TO_BE_SYNTHESIZED N )
© § ‘°
\< >/ _ Y,

create clock -period 10 [get ports Clk]
set input delay -min 0,3 -clock Clk $all in ex clk

FF2 oy s Hold Time 51

Syl 5L by 0.708
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Sl 28, (sl 55 5l Jlos

Hold Time

Hold time \L; 8l ,» set output delay -min g
Do Gl 1) (e Sl ye 5l (2l Jeke SOl 5l o se

0.3ns 0.5ns hold time
<€—> requirement

( \ [TO_BE_SYNTHESIZED \ ( J \

/A

\= o — J

[create_clock -period 5 [get ports Clk] ]

set output delay -min 0.2 -clock Clk [all outputs]
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Timing and Area
Environmental Attributes

Design Rules and Min

Timing

[ Timing Analysis ]

118




Design Analyzer
\ g y

A 4

HDL VHDL
Compiler Compiler

Design Compiler

Design Time
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A5l b o Jleel slanogase Wil o Jloe LT aS aiS o aseine Siiliwl Sley Judos
0gd plol Gl 9) » Sealns (g5l ad 4l (g0 0 05 Sl

my_design

-

Timing Paths

\_

CLK1

CLK2 Default

Path3
Path4

~

/

Paths groups
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gbw b Jow
_ Dgd oo 0olaiw] b ps 1 B0 dslore jo a5 Sl
Wireload Jos
-
Sl oYlasl Joe
Look what's
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Shbes Ll this thing!
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Lals

X4

[ dc_shell> compile ]

Change the Effort Level

[ compile -map effort (low | medium | high) }

o> o 5,9l Cewas (6l ol BLalS 5,8 o Il S5 odazms Slots ;651
D cod oolaul ol 5l L I sy

V-NV

WS e oolail i ol
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Jalsls

Architectural

Logic-level

Gate-level

Optimized Netlist

sl 4 )b el

595 o Jous GTECH
Sl o g0 el Sae ©
Jol> (oelbe b blalS
Glaaogame 4l S gl
Oliee b5 ead ol 25k
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l‘OTAL NEG DESIGN
SLACK RULE COST ENDPOINT
3.20 18.1 Zro_Flag reg/D
3.20 18.1 Zro Flag reg/D
3.10 18.1 Zro Flag reg/D
Sum of all
timing

violations
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Slack

o 9,0 abats 5l JLKw b oS o Job a5 sl Sy A(P) e S 61, tATTIVAl TiMeE
Do bl Akl 4 s

D,I8,L3 58 s Job ol sl JiKws SO a5 el Sl e 5L R(P) :Require Time
Dged amle |, Slack ;g5 o Require Time s Arrival Time ;) ol b :Slack

Slack = R(P) — A(P)

Sl JIAF 130 0e5 SO o9 6.3‘].79 e Slack Olyeo

Dy o0 095 Sloj slosudgase w zub g 8l 18 s e 4o 095 :POSItIVE Slack

Dy (o0 995 Sloj Sleusgame 4y (B 4 Jg el Slimu s ;0 055 2ZEIO Slack
D515 092> cs’l"’) sl :Negative Slack

Sl 5 5l 7 ,b (o5l age m Slack o5l aig
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HDL

Architectural

Logic-level

\N/ Gate-level

Optimized Netlist

U 590 Sjge ;00
5o ailgy oo gl A

95 plxil zslaw plos
S 0 Sl el ©
i s s I, HDL

.:" L3 ™ ‘Q
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dc_shell-t> report constraint -all

Information: Updating design information...

hhkkkkhkhkkkkhkhkhkkkhkhkhkhkkkhkhkhkhkkkhkhkhkkkhkhkhkkkkhkhkkk

Report : constraint

-all violators

Design : RISC_CORE

Version: 2002.05

Date : Wed Jul 3 09:38:42 2002

hhkkkkhkkkkkhkhkhkkkhkkhkhkhkhkkkhkhkhkhkkkhkhkkkkhkhkhkkkkhkhkkxk

max_delay/setup ('Clk' group)

Required

Endpoint Path Delay
RESULT DATA[1] 1.20
RESULT DATA[2] 1.20
RESULT DATA[8] 1.20
RESULT DATA[14] 1.20
1.20
1.20

Iran’s Center for Integrated Circuits (ICIC)

(UID-85)

£ oa Jloo! (slegzsgins 43S 3
o0l plal fiwys 4 (gas iz 5 b
Wb ax ez 0929 b &g ol jo 0l
$o,8

Actual

Path Delay

.30 r
.26 ¢

1
1
1.26 r
1.22 r
1.22 r
1

.22 ¢
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HDL

[ compile —incremental_mapping]

Architectural

r:l?u‘ M»f Gb.w e LS)LM; Ao lias o
Logic-level 4 oybgd o Lo ees 4 05l
A aelgss Las GTECH slgll

Syere JlalS 51 otalidl LlLals ©

ool yins s

Gate-level

Optimized Netlist
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HDL

Architectural

Logic-level

Gate-level

Optimized Netlist

[ compile -inc -map high ]

bis  gile ane amlo
S S e el 1, ob,Sal,
d’;dblf 1) LSszg Lglbw Su!

A s
s Sly oo el blels ©
Loy ol a1, i

D ol @Lu 3O (§O gt
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FPGA , ASIC 1L i sl asnin S

s 4l nlic 24

(Placement and Routing) b s 5 oleil>28
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Standard

Specification Cells

Pre-Layout
Synthesis Timing P&R
Analysis

Post-Layout
Timing
Analysis

Back
Annotation

Simulation
Pass?

Logic

RTL Coding Verification

Timing

Testbench Constraints

Tape-out

I | ——

Front-end Back-end
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b K9 (6l dedis
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Here

VHDL
Verilog

Synthesis

Gate-level
netlist

Place & Route

Tape out

Post Layout
Simulation

DRC /LVS

Routed
Design

Verification
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by 9 (2leilr 2y,

Library -=>
User Data

Design Import

Floorplaning
Timing Analysis Routing

Power Planing

Power Analysis

<= Stream Out

Timing Optimization

Placement

* def
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(Operating Conditions)  sllee Lni,5
1 e s
oy slendgase

*.Lib €—

o ailsuls O

* LEFe— (Physical Library) s ;s auts -

(Timing Library) Jk; abobs ©
(Capacitance Table) i Jsu>
Celtic ssts -
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2,5 sledll
v Sl Gleiadgase

*sdc €—
TCLFormat € /0 sluogame

6
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Floorplanniong

[ Floorplan — Specify Floorplan }
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Guide
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Screen
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Floorplanniong / Edit Block Halo

Sldobo 5 LSsh 50 40 16515 590 5l 45w o |y Ol ol L s a5 el 6,152l Block Halo
oS (S S ol mub o eals gleil> o sl

Block Halo

Block

Block Halo
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Power Planning: Add Ring

[ Power — Power Planning — Add Rings ]

Wire Group
No interleaving

Wire Group
interleaving
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Power P
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Power Planning

Power Planning without Power Planning with shared
Shared Ring Edge Ring Edge
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Clock Skew

9 4 OIS e Arrival Time ol pe Sl a4 °

S Clock Skew wslaie Component
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Clock Skew

Clock Period > ty + t., 1t
‘t Y
9,50 clslodl Setup Time it
Clock Skew N P su
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Clock Source
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Clock Tree

Clock Source

y
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Real Clock Tree

J.Lrﬁh "

" Clock Source

#

Clock tree style
Trunk-and-Branch
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Create Clock Tree Spec

Specify Clock Tree

_ Netlist
Synthesis Clock Tree Synthesis Report

Clock nets
Routing Guide

Display Clock Tree
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Clock Tree Synthesis

Clock —Design Clock ]
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Nano Route

Route — NanoRoute — Route

Design Edit Synthesis Parition Floorplan Power Place Clock Route Timing S Verify Tools Help cadence
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Timing Analysis

Histogram Diagram
1.Timing — Extract RC...

2.Timing — Timing Analysis

3.Timing — Timing Debug — Slack Browser

Timing Debug
File Analysis Category  Help

Repart File(s) [top.mtarpt

— Path Histog e Category Summary
Iame: all
Total Path: 3674

Passing Path: 2825
Failing Path: 849
WNS -0.269000
NS -79.0668993
= -0¢6 -013 000
_H
— Path Category .~

#Failing Path

Positive Slacks

Negative Slacks

1
— Path List

Categary: all, Slack Range: al

e 1| M3 51 | 0] 8]

ck ReqgTime Endpaoint Pin
1 c BG03 Unitz/tmp_ram_req[1 26][15] /D
2 i 6.796 -0.262 | Unit2/tmp_ram_reg[83][1 5] /D
3 BG00 -0.257 | Unitz/tmp_ram_reg[82][1 5] /D
4 C 6.501 -0.257 | Unitz/tmp_ram_reg[70][1 5] /D
5 c BaT4 -0.253 | Unitz/tmp_ram_reg[85][1 5] /D
[ i 5515 -0.251 | Unit2Atmp_ram_reg(220][13] /D
7 ¢ B 603 0,250 | UnitzAtmp_ram_reg[67][1 5] /D
] clkileading)-=clk{leadinc 6.606 -0.250 | Unit2Atmp ram req7110131 /D
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