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Standard-cells

 Reduz a complexidade para o projeto
- full custom s6 no nivel de células

 Layout de um circuito € montado usando células disponiveis em
uma biblioteca de células

 Todas as camadas sao fabricadas na foundry
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o —— [ ORTRTRETT | e
Vbm VoD
“Vista”
LEF
A Library
Out Exchange
Format




Standard Cells

Biblioteca de células

— Diversos layouts para cada tipo de célula

— Cada layout prevé uma certa carga
capacitiva maxima (/ogic-effort)

— Todas as células tém a mesma altura e sao
pré-caracterizadas

— Conexao da alimentacao por justaposicao

Path 1.2V - 125°C 1.6V - 40°C

Inl—t, 0.073+7.98C+0.317T 0.020+2.73C+0.253T

Inl—t 0.069+8.43C+0.364T 0.018+2.14C+0.292T
n2—1, 0.101+7.97C+0.318T 0.026+2.38C+0.255T

22—ty 0.097+8.42C+0.325T 0.023+2.14C+0.269T

In3—t, 4 0.120+8.00C+0.318T 0.031+2.37C+0.258T
In3—t yp 0.110+8.41C+0.2807 0.027+2.15C+0.223T

_ C = Load capacitance T = input rise/fall time
3-input NAND cell

(from ST Microelectronics) Vista: LIB



Standard Cells

e ) Diversos layouts para cada tipo de célula
HSES_GL | IVXT - diferentes drive strengths

HSES GL [IVEY

HSEE_GL__I“}EIE [ NN N Virtuoso® Layout Reading: D_CELLS AO322X2 layout

HSES GL [Twx18
HSES GL | TVH22
HSES GL [IVH2T
HSES GL [Twx31
HSES GL | TWHA5
HSES GL | T340
HSES GL [ T%44
HSES GL | TWH40
HSES GL [ T¥HG3
HSES GL [ TWHAS
HSES GL [IVET1
HSES GL [ IVX106
HSES GL [TWx142
HSES GL [ TW¥H213

HSES GL (TVX284

HSEE GL_NANDZESD
HSEE GL_NANDZEL
HS6E GL_NANDZEL

HSEE GL_NANDZXT

HSEE_GL_HM]DEKII T o o o T

HSES GL_NAMNDZE14 | _ _
HSEE_GL_HMH:I EEEI ﬁiztf;l;n:usjsi;gu];z:;ecwt M: leHiMousePoplp () R: ddsOpenlibManager () -
HSES GL_NANDZEZD ) '
HSEE GL_NAMDZE43

HSEE GL_NANDZHGT

Tools Design Window Create Edit Verify Connectivity Options Routing TheKit-Util Help

FORPSNT)

N




Standard Cells

— “Vistas” de uma célula
— LEF (abstract)

File Edit View Design Manager Help
Show Categories Show Files - L I B

Tah3 e [ehstract
cmos065_Tmdx0yZz &P inw abstract - sy m b OI
cmos0e5_a inv_tmp ahstract. ext Y,y
cmos065 b sbstract. pin - esquematlco
cmos065_rf abstract. ver
functional layout — veril
lah3 schematic e og
shalib

Messares

Log file is “/home/moraes/grad MICRO/layout inversor/libManager. log".

Library Cell View
CORERSLESVT HSES LSS DFPRONHLS Teymbol
CLOCEESGPHVT HS6E L551 Fa1HD sbstract
CLOCEESGELVT HSEE L551 Falx2l adms werilog
CLOCKESGESVT HseL LS51 Falxab adms_werilog allpins
CLOCEESLEHVT HSE5 LS51 HAIXS adms_vhdlams
CLOCEESLELYT HSES L8532 FAIXIA cmos_sch
CLOCEESLPSVT HSES LSS DFPHONH1S lagout
COREGSGPHVT HSES LSS DFPHONEZT symhbol
COREGSGPLVT HSeL LS5 DFEHONEIS symbol allpins
CORERSGESVT HSeL LS5 DFPHOX1S wverilog

HSES_ LSS _DFPHIX2T
HSES_LSS_DFPHIXAS




Standard Cells

Automatizacao corresponde a montar o layout
— Particionamento °

— Posicionamento > Etapas da sintese fisica
— Roteamento

-

Muito usado na industria por permitir prever
— Area
— Poténcia
— Atraso



Etapas do Fluxo de Projeto — visao geral

1.Design entry - Using a hardware
description language ( HDL ) or

schematic entry
2.Logic synthesis - Producesa 1 o1
netlist - logic cells and their —
connections
3.System partitioning - Divide a
large system into ASIC-sized
pieces
4.Prelayout simulation - Check to
see if the design functions
correctly
5.Floorplanning - Arrange the
blocks of the netlist on the chip
6.Placement - Decide the
locations of cells in a block T
7.Routing - Make the connections ma1rC
1

between cells and blocks

8.Extraction - Determine the
resistance and capacitance of
the interconnect

9.Postlayout simulation - Check
to see the design still works with
the added loads of the anl
interconnect I

back-an hotated
netlist

prelayout

simulation o

start ¢
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design entry

o
v

logic synthesis

©
v
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partitioning e

postlayout

simulation e

v

floorplanning

o
v

placement

circuit

extraction e

v

routing

¢ finish

netlist %

logical
design
VHDL/Verilog
chip
350 plock
| 7] physical
‘” | design
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[ ] logic cells




(1) Design entry

VH DL’ Verilog pr‘géziii Bus2IP_Clk ) is

1T Bus2IP Clk'event and Bus2IP Clk = '1' then

“think hardware!”: if Bus2IP_Reset = El'}then }
<= {others == '@'};

. <= (others == '@'};

mesmo que esquematico < lomers = :g:;;
- < e s
seja coisa do passado, = (others = '0')}
ool e ]

<= (others = 'B'};

reconhecer no HDL

estruturas como FSMs, olse
case Bus2IP_WrCE(® to 14) is
when "100000000000000" slv_regl(@) <= Bus2IP_Data;
when "@l0000000000000" slv_regll) <= Bus2IP_Data;
deCOderS’ mux’ when "901000000000000" slv_regl(2) <= Bus2IP_Data;

when "000100000000000"
. t d ’ y = when "000010200000000"
when "0020010200000000"
registradores, € necessario when 10000010000000007
when "000000210000000"
when "'000000001000000"
when "0000000200100000"

when others == null;

end case;
end if;

slv_reg(3) <= Bus2IP_ Data;

slv_reg(4) <= Bus2IP_Data;
vvvvvvvvvv <= Bus2IP Data;
slv_reg(6) <= Bus2IP_Data;

slv_req(7) <= Bus2IP_Data;

slv_reg(8) <= Bus2IP_Data;

slv_req(9) <= Bus2IP_Data;

R
g

end if;
end process;



Simulacao funcional
— permite verificar a funcionalidade do circuito

— erros de HDL comuns:
— duplo driver
— lista de sensitividade incompleta
— latch inferida
— légica com o sinal de clock
— légica combinacional controlada por sinal de clock

— muito comum uma simulacao funcional correta falhar apos
a sintese

e ] 193_5@ PR B
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Exemplo de simulador: xrun (CADENCE), questa (SIEMENS)

80D %| Console - SimVision

File Edit Yiew Simulation Windmws Help cadence

Lo 1% : :

B lz| 3 I D ¥ || Text Search: Mty i

E-CE RS ESoE & @ ¢

nocsime

nCELm:

nCs1me

ncsime

ncsime

ncsimy reset

Loaded snapshot work.wser logic_th:th_architecture

ncs:!.m>

nesing run 12 us % Waveform 2 - SimVision

S— dows Help cadence
Simision

= B @+ -~ RERBEAEEEMY

SESTCTT TI=ME S ST~ M T WT | | Search Times: | Value v ﬂﬁv ‘?};v

ElzTimeA ~|=[11 559,650 |~ |pE- @ = K oo

[ Bagelinew= 11,197 381,87 413
FF| Cursor-Baseling ¥ = GG 1,665 56215

Mame +

[T}
L
L]

ol BuszIP_Clk

@&

@ | EEO 12000,000,000f + 0

Time: §F [11,197,361,574% f@ QL w e

= o [F

1 ohject selecte

10



(2) Particionamento e floorplanning

Divide o circuito em modulos
Floorplanning:
* Define a forma dos blocos standard cells e o0
posicionamento dos blocos “fixos”

11



Exemplo

PAD RING WITHFILLERS : | = | PAD
A e Célula de E/S

Peormers 3 3 e ! lorapiael o' || oagpien 0 O || Beagspiend| o [lpRaaseiln | o' | | Beaaphi

10 FILL W g (O FILLE g

9 FIFO

Epdast Qspirmaster tx fifo A fore
10 FILL % & (GFILLER

-

bkt a2 dd2

10 FIEL W 7 fO-FILE £

S Blocos de memoria:

MAIN RAM i e Gerados automaticamente por

STANDARD-CELL iz ferramentas da tecnologia alvo

10 FILL W S {CEFILEE 'S

AREA

-

bady

Standard-cells
e (Gerados por sintese l6gica

{1 FILE E 2

boreorddidd] tipecoodadd?

10 FILL W 2 (0 FILLE 2

b | fmdarn 13

T FILECE

g g1 Sl i bt g

J0CFILE WD ICFILL BT

12



(3) Sintese Logica

Transforma o VHDL/Verilog em um netlist mapeado para uma dada tecnologia
Importante nesta etapa: restricoes de projeto

Exemplo de ferramenta: Genus (Cadence)

Utilizagao por script

800 %/ Cadence Encounter(R) RTL Compiler v10.10-5209_1 - /home/moraes/testa/synthesis

File Beport Tools Preferences Window Help cadence

Hierarchy | HDL

user_logic
add _172_34 [add unsigne
add _176_21 [add unsigne
nc_add_135_46_3 [incre
nc_add 174_21_ 1 [incre

nc_add 174_34_2 [incre

FEE AR

I ——

14|

auto update: 2000

El P user_logic 1

Design is generic 1 3



## 1) load synthesis configuration, read description and elaborate design

include ./constraint/load.tcl ] . ]
read_hdl -sv nanoCPU.sv Le configuragcoes da tecnologia,

elaborate NanoCPU HDL e verifica cédigo
set_db [current_design] .dft_dont_scan true

## 2) read constraints o ] .
read_sdc ./constraint/restrictions.sdc Restricoes de temporizacao

## 3) synthesize to mapped

syn_generic i L o
syn_map Sintese para portas légicas, portas da biblioteca de
syn_opt células e otimizacao

## 4) reports

report_area > nano.txt

report_gates >> nano.txt Relatorios area, portas logicas e power
report_timing >> nano.txt

report_power -unit mW >> nano.txt

## 5) build physical synthesis environment Exporta para Innovvus
write_netlist [current_design] > nano.v

write_db -common -all_root_attributes nanoCPU_genus.db
exit

14



load .tcl — principais comandos

set_db syn_generic_effort high ;
set_db syn_map_effort high Esforco das etapas de sintese
set_db syn_opt_effort high

#keep hierarchy

set_db auto_ungroup none Mantém hierarquia

f# Load libraries Carrega os LIB e LEF (é o que define a tecnologia)
#Set liberty

set_db library "...C2850I_SC_12_CORE_LR_ss28 0.90V_125C.lib ..."

#set LEF

set_db lef_library “sites.lef ... technology.12T.lef ... C28SOI_SC_12_ CORE_LR_soc.lef

#Set captable
set_db cap_table_file “... FuncRCmax.captable ..." Capacitﬁncias parasitas dos fios

#Set PLE
set_db interconnect_mode ple

Modo de estimativa de
capacitancia dos fios

15



restrictions.sdc — principais comandos

(Synopsys Design Constraints)

set sdc_version 2.0
set_units -capacitance pF -time ns

# 500 MHz freq
create_clock -name {ck} -period 2.0 [get _ports {ck}]

set_false path -from [get_ports {rst}]

H#H# INPUTS
set_input_delay -clock ck -max 0.03 [all_inputs]

# Output delay
set_output_delay -clock ck 0.03 [all_outputs]

# Output pins should support to drive a load of an inverter
set_load 0.000570 [all_outputs]

Freq. de clock

Ignora o reset na analise de timing

16



Ao ler as restricoes, deve-se verificar se as mesmas foram
atendidas

@genus:root:> read_sdc ./constraint/restrictions.sdc

: Statistics for commands executed by read_sdc:

"all_inputs" -successful 1, failed O (runtime 0.00)
"all_outputs" -successful 2, failed O (runtime 0.00)
"create_clock" -successful 1,failed 0 (runtime 0.01)
"get_ports" -successful 2, failed 0 (runtime 0.01)
"set_false_path" -successful 1, failed 0 (runtime 0.00)
"set_input_delay" -successful 1, failed 0 (runtime 0.01)
"set_load" -successful 1, failed 0 (runtime 0.00)
"set_output_delay" -successful 1, failed 0 (runtime 0.00)
"set_units" -successful 1, failed O (runtime 0.00)

read_sdc completed in 00:00:00 (hh:mm:ss)



Comandos de sintese

* syn_generic - sintese geneérica da descricao RTL

* syn_map - mapeamento da logica para as celulas da biblioteca

« syn_opt - otimizagao do circuito mapeado visando atender as
restricoes de area, temporizacao e poténcia.

Porta complexa da
biblioteca

18



Relatorio de area

Instance Module Cell-Count Cell-Area Net-Area Total-Area
NanoCPU NA 732 1100.294 457.726 1558.021
R IR Reglébit 98 15 62.179 0.000 62.179

R PC Reglébit 97 9 35.578 0.000 35.578
genblkl 0.reg inst Regl6bit 17 70.829 0.000 70.829
genblkl 1l.reg inst Reglé6bit 101 17 70.829 0.000 70.829
genblkl 2.reg inst Reglé6bit 100 17 70.829 0.000 70.829
genblkl 3.reg inst Reglébit 99 17 70.829 0.000 70.829

Relatorio de atraso

Path 1: MET (6 ps) Setup Check with Pin genblkl 3.reg inst/Q reg 15/CP->TI
Group: ck
Startpoint: (R) R_IR/Q reg 0/CP
Clock: (R) ck
Endpoint: (F) genblkl 3.reg inst/Q reg 15/TI
Clock: (R) ck

Capture Launch

Clock Edge:+ 2000 0

Src Latency:+ 0 0

Net Latency:+ 0 (I) 0 (I)

Arrival:= 2000 0
Setup: - 198
Required Time:= 1802
Launch Clock:- 0
Data Path:- 1796

Slack:= 6



Relatério de power

« Componentes do power: leakage, interno, chaveamento

@genus:root: 14> report power -unit mW

Info Joules engine is used. [RPT-16]
Joules engine is being used for the command report power.
Instance: /NanoCPU
Power Unit: mW
PDB Frames: /stim#0/frame#0
Category Leakage Internal Switching Total Row$%
memory 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 0.00%
register 2.28975e-03 1.93080e-01 1.80885e-02 2.13459e-01 31.13%
latch 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 0.00%
logic 6.20109e-03 1.70096e-01 2.63214e-01 4.39511e-01 64.09%
bbox 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 0.00%
clock 0.00000e+00 0.00000e+00 3.28050e-02 3.28050e-02 4.78%
pad 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 0.00%
pm 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 0.00%
Subtotal 8.49084e-03 3.63176e-01 3.14107e-01 6.85774e-01 100.00%
Percentage 1.24% 52.96% 45.80% 100.00% 100.00%

20



(4) Simulacao pos-sintese logica

Simula o netlist com a descricao das portas logicas

Exemplo de script:

-smartorder -work work -V93 -top user logic_tb -gui -access +rw
/soft64/design-kits/stm/65nm-cmos065 536/CORE65GPSVT_5.1/behaviour/verilog/CORE65GPSVT.v
/soft64/design-kits/stm/65nm-cmos065 536/CLOCK65GPSVT_3.1/behaviour/verilog/CLOCK65GPSVT.v
../../synthesis/layout/busca padrao.v

../tb/tb_padrao.vhd

Atraso de porta logica

&

>
e 0o %/ Waveform 1 - Simision
Eile Edit Miew Explore Format Simulation Windows Help cadence
|8 27| BaBs| @ o] ¢ D i X T de i n- 0| 8- R S RERE &

‘ Search Names: | Signal ~ I [~ I “ Search Times: | Yalug ~ I - | ‘E%W ‘};%w
EzTimeA - =|11,6?2,83?,I= fs v mv[ & E_“ o- E” I%I
[ Baseline = 11,668,600,3351
' .Ea PET| Cursor-Baseline = 4,236,386

' T — Cursor v | (INE . 00, 11,671,500,0007
e _

1

g] I . . 'ho01

“ Time: SE |11,559,550,031fs ] - | f ; ;

01

*h 0001 000z 1 nooa
|

0000

03

noio

[10 x

21



(5) Posicionamento e Roteamento

800 % Encounter(R) RTL-to-GDSII System 10.12 - fhome/moraes/testa_padrao/synthesis - busca_padrao
File Edit %iew Partition Floorplan FPower Place Optimize Clock Boute Timing  Yerify  Options Tools Flows Help (éden(e

Posicionamento das IDE]s « 0YMEBIR RARRO|&9 66 EBRs %506 S
Células Il & %%@1@5‘@5%@%% EQ)

| Layer Control &) %
_All Colors

Floorplan | Physical
Fhysical Layers

<
<

Instance

Std. Cell
Fhysical Cell
Cover Cell
Block

F/G

Routing Elky
Dbstruct Hv
Cell Blockage []—
Instance Pin  [J_
Cell Layout  [J—

Etapas importantes
neste processo:

- alimentacao

- arvore de clock

s ]

LA

| K

: 1 Standard Row [« _
(em desta ue) : : 0 %!;gé e S ital Fil [ v
s [ s [ SRS et o 4 1 S S B 8 | B SRR L inlation oV
g - =Sl menill = o
i o Special Met v
Eus Guide L
§§§ § Wiresvia Layers
(aleT{%10) .
i S o
ATGEAN B
il il viatviz fl
1] ] ey 1
ng EE; iszved L
i i (03 N
o 1
i .
gg Eﬂﬂ Worid View &%

[Q[[seiMume [i56.394, 40458 [Timing Analyzer

Click to select single object. Shift+Click to desselect multiple ohjects.

22



Definicao do anel de alimentacao e stripes

L] - r
— Stripes: evitam ruidos nas
. . ~ Encounter(R) RTL-to-GDSII System 10.12 - /home/moraes/testa/synthesis - busca_padrao
Ilnhas de allmentagao Eile Edit View Parition Floorplan Power Place Optimize Clock Boute Timing  Verify Options Tools Flows Help cadence

(IR drop) EEls « OMEBIR AR AR Q0 &P laoBRRYIB @ 8
(Rl % B8 @ 1 & by o = & 408 H (@

All Colars

Floorplan =~ Physical
Physical Layers vy
Instance
Std. Cell
Fhysical Cell
Cover Cell
Block
F/G
Routing Blkg
Obstruct Hw
Cell Blockage D_
Instance Pin D_
Cell Layout [
Standard Row D!
Metal Fill (%
Wiolation
et
Special Met
Bus Guide
Wiresia Layers
PO(MD)
cogvony
A1 (M1)
121(v12)
M2 (MZ)
Vis2(v23)
h3(M3)
1230V 34)

<
<

KiKiKKIKIKIK]
KKK K]

L4014

Anel de alimentacéo

K K|

|

stripes

Nz

KEEKRERKK|K]K KK KK

VR K K KKK K]k

Word View 8 x

Click to select single object Shift+Click to de/select multiple objects. Q I SelNum:0 |(8.595, 76.698) |In Memary



Exemplo de analise de timing do clock

— O ponto de entrada € o PAD do clock, e as extremidades os buffers que
alimentam os flip-flops
— Objetivo desta etapa: minimizar o skew

24



Roteamento

Verificagdo de DRC e timing

Roteamento inicial




Roteamento

Detalhes:
- filler cells (preenchem espacos vazios)
- alimentagao

« ® O O |X| Encounter(R) RTL-to-GDSII System 10.12 - /ho...
o’
« Eile Edit Wiew Padition Floarplan Power Place  ,cadence

-.'"ll l E_.,"' < |O %4-\%_llllq ”__....S%!E ”__.,,,EF >>_
(k] % BB @ 1B b % =& 8 »

| Layer Control g %
_All Calars
Floorplan | Physical
Fhysical Layers o w
Instance LU S
Std. Cell L
Fhysical Cell M v il
WoHd View X

Click to select sing| @ [[Seinurm0 [75.889, 735100 [Timing Analyzec

Roteamento final 26



(6) Extracao de parasitas e simulacao pos-layout

e Arquivo com as capacitancias de roteamento
— Formato SDF
e Permite obter uma estimativa precisa do atraso do circuito

N -Nals) |3 Waveform 1 - SimVision
Eile Edit Miew Explore Format Simulation  Windows Help cadence
Gt Bals ea[ DX BEE s B |+ R 2REEE MY
Search Names: | Signal v B iy g || Search Times: | value ~ | ?;%V 2%\/
= ) + -
Ez Timea v| = [11,430,631 5[5 ~ |p%-| da = O- %' %' E‘ EED 12,000,000,000f5 + 0 Time: 5 |11,458,500,5157 :|§d ..Qb - . ;

Baseling = 11,490,003,831fs

o] -
IEQ, EF| Cursor-Baseline»=628,0411s
4 il
3= -] a
. Bl _Fir

Cursor -

________________ 7,000,000,000 12,000,00 Iz.""ll:lf:s:

& |3 0 ohjects selecte” 27



EXEMPLO DE PROJETO COMPLETO

SoC com processador RISC-V RS5 vetorial - 65nm TSMC

§ @ : Guide
f | -+ SoC Regions
] instruction_i | -

AXI device port

Instruction
(=%
(=%
3

- Slngle AXI host port
"""" [ Ports to 10 cells
Vector Port L VA ___________________

SRAM | G)
P

PLIC | mMTIMER

>, | 0x70000000 | | 0x20000000 0x00000000 host[1]
0x70000000 | | 0x20000000 | [ hostio] | 0x00000000 host[1] '
;

(+) AXI4-Lite

0x80008000 0x80004000 0x80005000 0x80001000 ;

I 'i;;;m;.,; ““““““““ i ‘ o] i ‘ o] i‘; ‘
—>»rQ

“GPIO UART |

CRNG RXand TX

Controller - 15
i n ren sclkk out in en ren uart_tx uart_rx

() »

PUBLIWOD 1 HVN




Floorplanning inicial com area de PADs, memodrias, std-cells
Insercao de células fisicas:

« ENDCAPs - finalizam linhas de células

« WELL TAPS - polarizacéo de substrato

4 4 4 4 I

PAD RING WITH FILLERS

bl o | bagmedl|o | bagnendc  bmgnls | | prast nassgbis

10 FLL O

I0CFLL N

=
beornarul =)

TR peormeru Poameny o' | | B =5 g = Bagoeatl o' | | [peasghlo ] o | | s S| peemptadc | locormeny

WGCFILL WG

y FIFO

podss: 51 st o o vamry FI Fo g bpda: 3Pt e H40 coméy ram A

10 FILL W 8 IO FLLE & 10 FLLWE E N D c A P c E LLS o FLEE

.3pl_master s fifo ramiu ram

IO HLLE S I FLL WS

xpt master s fife ramiu_ram

bt oy e 2dd2 irbpg vl od2.

i0 FLW f0 FLLE 7 IOFLLET

bpdegmol 80 o i bedamo 0 2 LR

i0 FLL W 6 fOFLLE & 10 FLL W E

¥y MAIN RAM .
STANDARD-CELL —_— s —
AREA i e

IO HLEE

JOFIL WS

i e WELL TAP CELLS T

b 10 FILWd o FLLE 4

bedagsprssls

10 FILL W 4

boreoresisst e oeadissz bereorsiss] \Bpacova sl

1O FILL W3 IO FLLE 3 e eIt s

preorddidd] Hopecovrddz. bpreoeddide] s see il

10 FILL W2 \OFILLE 7 B e

tngings o o oo 18 bpswaedtl a2 i

10 FLL W WO FILLE 1 ISLELLYLL IO FILLE

bprogdsil \i_I5 oRU_main,_ram_rirapResy ram L B,
bpgiogdisst u_dig topfis main ram wrepperfy ram Plgpm 5 tERi_Main ram nrapper/u |

0 AL I Fi
0 LW \QFLLED AL LALLED

10_FlLL_5.0

W0 Al s 2
10.FILL 5 4
ENE

. ‘ : 0 b ) a poats 0 | |y %
Promert iy eapt beapic bnsiaps niiaps et bedeaonr? besiapi eornerr Cagapdl e —— -2

s




Anel de alimentacao ao redor de cada bloco e ao redor do circuito

Insercao de stripes verticais e horizontais

=3 o | |jpade o el o | begmest] o | | baguiead o i o bagincal o' | baginiad o

EXTERNAL POWER RING

Drizg

INTERNAL POWER RINGS
(around macro blocks)

vertical stripes

bogeorddied]
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Roteamento de alimentacao — nas standard cells e do ring externo de
alimentacao aos PADs

Sintese logica e sintese fisica das standard-cells e roteamento entre os
blocos e com os PADs
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|

M1|routing (vc and gnd) ’
|
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Executar signoff e exportar GDSII (formato do layout)
« analise de temporizacdo em todos os corners (mais importante que a simulacio)

LT L EE PP Fomm e ommm e Fomm e Fomm e +
| Setup mode | all | default | reg2cgate | reg2reg |

LT EE e PR e oo et Fommmm e +

| WNS (ns):| 0.001 | 6.166 | 1.149 | 0.001 | —_ H

| TNS (ns): | 0.000 | 0.000 | 0.000 | 0.000 | TNS tOtaI negatlve SIaCK
| Violating Paths: | 0| 0| 0 | 0 | Setup OK

e ettt B D et T oo B et B +
|analysis_view_1p08v_125c_capwst_ slowest

| | 0.001 | 6.166 | 1.149 | 0.001 |

! o000 ooogn 000l 00001 slowest corner (1.08 V, 125°)
B e e Fommm e D e T Fommm e Fom e +
|analysis_view_1p20v_25c_captyp_nominal

| | 1.528 | 6.764 | 3.961 | 1.528 |

| | 0.000 | 0.000 | 0.000 | 0.000 | typical corner (1 _20 V 250)
| | 0| 0| 0| 0| ’
oo B ettt Fom e Fommm o B +
|analysis_view_1p32v_m40c_capbst_fastest

| | 2.289 | 7.099 | 5.357 | 2.289 |

| | 0.000 | 0.000 | 0.000 | 0.000 | fastest corner (1 .32 V, _400)
| | 0| 0| 0 | 0|

T e e e oo +

Fommm - et e e B e e e T +

| | Signal nets | Clock nets |

| DRVS +4-—-—=——-—m—mmmm e oo o e +

| | Nr nets(terms) | Worst Vio | Nr nets(temms) | Worst Vio |

Fommm e o oo o L e +

|max_cap | 0 ( 0) | 0| 0 ( 0) | 0|

|max_tran | 0 ( 0) | 0 | 0 ( 0) | 0 |

|max_fanout| 1 ( 1) | -33 | 0 ( 0) | 0|

e e L P B e L L e +

B e e Fommm e B e T Fommm e Fom e +

| Hold mode | all | default | reg2cgate | reg2reg | Hold OK

B ittt Fommm e D et T Fommm e Fommm e +

| WNS (ns):| 0.100 | N/A | 0.551 | 0.100 |

| TNS (ns): | 0.000 | N/A | 0.000 | 0.000 |

| Violating Paths: | 0 | 0| 0| 0 |

B ittt Fommm oo Fommm o Fom e +
|analysis_view_1p08v_125c_capwst_ slowest

| | 0.293 | N/A | 1.667 | 0.293 |

| | 0.000 | N/A | 0.000 | 0.000 |

| | 0 | 0| 0 | 0|

o Fom oo oo Fom oo B e +

|analysis_view 1p20v_25c_captyp_nominal

| | 0.166 | N/A | 0.930 | 0.166 |

| | 0.000 | N/A | 0.000 | 0.000 |

| | 0| 0| 0| 0|

e e e Fommm e oo Fom e et +

|analysis_view 1p32v_md0Oc_capbst_fastest

| | 0.100 | N/A | 0.551 | 0.100 |

| | 0.000 | N/A | 0.000 | 0.000 |

| | 0| 0| 0| 0|

B e e e Fommm e tom e Fommm e B e e +
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DRC (Design Rule Check)

« corretude do layout

« 3 DRCs executados: retangulos, antenas e wirebond

DRC SUMMARY

RULECHECK
RULECHECK
RULECHECK
RULECHECK
RULECHECK
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

CPU Time:
REAL Time:

DRC RuleChecks Executed:
DRC Results Generated:

ANTENNA SUMMARY

CPU Time:
REAL Time:

DRC RuleChecks Executed:
DRC Results Generated:

WIREBOND SUMMARY

CPU Time:
REAL Time:

DRC RuleChecks Executed:
DRC Results Generated:

2,75 milhdGes de transistores (todo o circuito, com as memorias e PADs)

Original Layer Geometries:

Original Layer Geometries:

Original Layer Geometries:

TOTAL Result
TOTAL Result
TOTAL Result
TOTAL Result

718
38
11114549
1808
73

(86000152)

(883)

56

6
8388351
25

0 (0)

(57794164)

43

6
2699486
205

0 (0)

(46221642)

TOTAL Result Count = 6

Erros de densidade — DN/DM -

Count = 9 iqid final d
Count = 21 (corrigidos rjo |na. o} proce:::so), ou
Count = 7 erros que sao aceitos pela fabrica
Count = 30 (ESD.22.9)

86 milhoes de retangulos

Verificacao de antenas - verifica se as
interconexdes conectadas aos gates dos transistores
podem acumular carga durante a fabricacao, evitando
danos ao oxido de gate.

Wirebond verifica se os PADs e as regides proximas a
borda do chip atendem as regras fisicas necessarias para
a conexao por fios de bonding, garantindo espagamento,
area de contato e afastamento adequados para o
encapsulamento.
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LVS (Layout versus Schematic) — garante que o layout seja equivalente

HDL

khkkkkhkkkkkkhkhkkhkkhkkhkhkkhkhkkhkkhkkkkhkkhkkkhkkhkhkkhkhkkhkkhkkhkkhkkkhkhkkhkkkkhkhkkhkkkhkkhkkkkhkkhkkkkkkkkkk

OVERALL COMPARISON RESULTS

hkhkkkkhkkkkkkhkhkkhkkkhkkhkhkkhkhkkhkkhkkhkkkhkkkhkkhkkkkhkkkhkkhkkhkhkkhkhkkhkkhkkhkhkkhkkkhkkhkkhkkhkhkhkkkhkkhkkkkkk

Warning:
Warning:

NUMBERS OF OBJECTS AFTER TRANSFORMATION

Ports:

Nets:

Instances:

Total Inst:

#
#
#
# #
#

1103843

1658204
1098423
146
429

2757202

i E IR EE LS LT _

# # *

# CORRECT # I
# # \___
R4 HHGHHHHSHHEH

1103843

1658204
1098423
146
429

2757202

Unbalanced smashed mosfets were matched.
Ambiguity points were found and resolved arbitrarily.

Component Type

MN (4 pins)

MP (4 pins)
rppolywo (2 pins)
D (2 pins)

2,75 milhoes de
transistores (todo o
circuito, com as
memorias e PADS)
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Para fabricar? Garantir que todas as camadas tenham densidade uniforme
sobre circuito.

A ultima etapa do processo de projeto é a insercao automatica de
dummy retangulos sobre o circuito

Dummy metais

- Dummy poly e difusao .
p, ummy poly € diiu *
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