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VHDL
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RTL HDL
ASIC
(synthesis)
RTL HDL
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Read technology library 1
-
Read RTL design

L -

Build generic netlist

-

Define timing constraint

-

Optimize the design

Report & Analysis
o L

Write out the netlist

1.3
1.3
Synopsys 2000 Synopsys
Synopsys “ Physical Synthesis ”
IC
Candence PKS(Physical knowledge Synthesis) Candence

PKS

Physical Synthesis ”



2.1

211

+ +

Ambit

( Synthesis = Translation + Optimization + Mapping )

2.1

plwaye @ possdpe clock

T B
data_oul = I'bl;
o i [reset_sip

deta_out = 1'bil;
el i jenable

S ol = s 1R

2.1.2

RTI. HDL

Ambit
Ambit

Trnslafion

Dhprimization + Mapping

(iechmobogy dependeni

i | )
Generic netlist
{iec hnolepy independent ] a
2.1
2.2
Verilog VHDL parser EDIF parser
] I ]
RTL synthesis
I I
TCL Library mapping Full-chip
Command | timning
Interface engine
Scan test Insertion
[ [
NaviGates Orplimization

reet netlise

DCL

" library
b libray

library

2.2 Ambit



2.2 Ambit

2.2.1 Ambit
TCL Shell, ac_shell
Ambit -navigates,
navigates ac_shell —gui
2.2.2 navigates
2.3
Schematic Viewer
= A debug and analysis tool HDL Teat Editos

TCL Edifor

i G e (Enad R S i

[l S huel FI L L LN ] TGS
4y I el L
e ary [N 1 e mp EFLEN
I m r ==

o —

Wlosdule Brower —

a¢_shelleonsak:

"—-__'__l__‘_-_.'.
||
2.3 navigates
2.2.3 Ambit
navigates
HTML
ac_shell
ac_shell help <command name>
224
Ambit

Verilog VHDL RTL
Verilog VHDL
Ambit Data Base(ADB)
SDF
SDF (IOPATH/INTERCONNECT)
write_assertions
PDEF
RC
EDIF
GCF
225



ambit

2.2.6
report_timing
report_area
report_hierarchy
report_design_rule_violations
report_library
report_net
report_fanin
report_fanout
report_fsm

Ambit

2.3 Ambit
23.1

VHDL Verilog HDL

2.3.2 Ambit
Ambit
ac_shell
ac_shell —gui navigates
2.3.3

read_tlf csmcO6core.tlf
csmcO6core.tlf csmc 0.6um

set_global target_technology csmco6core.tlf



234 RTL

RTL HDL
Verilog read_verilog filename
VHDL read_vhdl filename

2.3.5
RTL
do_build_generic
do_bu ( )
2.4

Fil  Edi Wi/ Comnancs | Bepers ‘Wirdow Hep
R X H B Se Operaing Paramesrs. 3

Sat Targst Tathnakagy.
oddes | Var Load OCL Rules

¢ HOL | Tel | Sonsfiaits | Schametic | Distribd

r%f-ﬁ’f I Chem i ?‘éj'f; ModUs piralta) prataz 1 [l
i BE[¢ = 2_018
!:Ei-m Ches Tiring P

el ’

I—EI;__E ELild Gensric I :!I-u
Optinlze..

Irfot ancring recindac las
G
ac_shelL[E] >

2.4
do_build_generic
Control Data Flow Graphs CDFGs
ATL ACL
2.3.6
Ambit
2.3.7

set_current_module mod_name
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set_top_timing_module mod_name

2.3.8

set_clock IDEAL_CLOCK —period 20.0 —wave {0 10}

set_clock_arrival_time —clock IDEAL_CLOCK \-rise 0 —fall 10 clk

239

set_data_arrival_time 0.0 —clock \ideal_clock [find —port —hoclock —input *]

2.6
[. Select the 1deal clock
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set_data_required_time value —clock \ideal_clock[find —port —output *]

2.3.10

set_drive_resistance value \ [find —port —input *]

set_port_capacitance value portlist
2311

check_timing

check_netlist

2.3.12
do_optimize
2.7

i M= |
Fie' Edit Wiew Commesds | Reparts 4iincdaw Help |
= A lhle Set Operating Parameters., & |"Eﬂi'i'|_t'5 |
—————————— Set Tergat Technodogy...

Mlmdules | Y& Load DEL Rules HIL | Tl | Conatraints | Schematic | Distributed

B B pukzz [j e PR Hormal = B X4 LT @

:E:E; Ir T FAnEl [pmu L' 1 |urap
i 1rg |oheek Trning 2
—[@i at [« :
The total mmbe of oo nppats b £ By
ac_shalL[1E]>
ﬂ_‘:dkllt.::}-‘
Ge_shiel L [1n]
ar_xhell[15]7
e shal 1162
2.7
2.3.13

report_area
report_timing
2.3.14

write_verilog —hier output_file
—hier

write_adb output_file

12



2.3.15
1 read_tlf
set_global target_technology <lib_name>
HDL read_vhdl read_verilog
do_build_generic
source <constraint> .tcl
do_optimize

report_timing > file.rpt

HDL write_verilog

© N o ok~ b

2.4
Ambit

Lab Basic Flow of Ambit Synthesis
Objective Synthesize your design using Ambit Synthesis.

Design Files Three modules are used for this design:
mux.v  Selects the signal source

ring_plus.v  Contains the math operations
bell_box.v  Top level model

Running the Design
1. Change directories by entering:
cdlabl_2

2. Enter ambit GUI environment
ac_shell —gui &

3. Enter the key steps in Navigates command window to synthesize the design
(1) Reading in the technology file

read_tlf csmcO6core.tlf

read_tlf csmcO6pad.tif
(2) Reading in the Verilog models

read_verilog {bell_box.v mux.v ring_plus.v}
(3)Building the technology independent netlist

do_build_generic

(Double click the bell_box in Module Brower to view the schematic)
(4)Setting the constraints

set top "bell_box”

set_top_timing_module $top

13



set_current_module $top
set_clock IDEAL_CLOCK -period 20.0 -wave {0 10.0 }
set_clock_arrival_time -clock IDEAL_CLOCK -rise \0.00 —fall 10.00 clock
proc all_inputs {} {find -port -input -noclocks *}
proc all_outputs {} { find -port -output * }
set_data_arrival_time 3.5 -clock IDEAL_CLOCK \[all_inputs]
set_drive_resistance 0 [all_inputs]
set_data_required_time 14.00 -clock IDEAL_CLOCK \[all_outputs]
(5) Optimizing the design
do_optimize
(6) Generating reports
report_timing > timing.rpt
report_area -hier -cells > area.rpt
report_design_rule_violations > drc_violations.rpt
report_fanin out > fanin.rpt
report_fanout mode > fanout.rpt
report_hierarchy > hierarchy.rpt
(7) Writing out the gate-level models
write_verilog -hier bell_box_h.vg
Note: you can collect the commands you set ((1) to (7)) to a script file, e.g. (script.tcl). Then
use “source script.tcl” in command window to progress the synthesis.

4. Make sure the module tab is selected in the NaviGates browser window (center-left of the
main window). Each module is labeled with b, g, m, o, or x. These labels indicate the state of
the modules listed.

Module state Definition

b Black box (no subcomponents)

g Contains generic view

m Contains mapped view

o Contains an optimized view

X Module is marked as “don’t modify

5. Right click bell box in the module tab.

a. Select Open Schematic—Main Window.

b. Left click on the module ul.

€. on smart icons above schematic window, click the icon “down hierarchy”, The schematic of
ul is displayed.

d. Select “Up hierarchy”

e. In the schematic window, right click. A popup appears. Select worst path from the popup.

f. To clear the highlighted path, select the smart icon above the schematic window “Click
Highlighting”

6. Reviewing the Reports
Review the reports created.

14



3.1
3.11
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3.1.2

3.1.3

3.14

PAD

ASIC

ASIC

ASIC

3.1

Silicon Ensemble

PAD

CAD
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Star Silicon
Enzombla
Impart Files
| Globzl Boute
Initialize |
| Final Route
Place D |
| Esxtract RC

Place Hard Block |
|

Calculale Delays

Crese Power
| |
QPlace Yerlny
- !
AdjustFloormlan Export Data
3.1
3.2 Silicon Ensemble
3.2.1 Silicon Ensemble
floorplan Silicon Ensemble SE Silicon
Ensemble
(floorplan), ANSI( )
Silicon Ensemble (floorplanners)
(placers) (routers) (system support tools)
floorplanners:
placer: Qplace
router: (global) (final), (power)
WarpRoute
system support tools:
Silicon Ensemble (Mutilayer metal routing) (Mixed library
support)  Correct-by-construction layout, (APT), (ECO)

3.2.2 Silicon Ensemble

16



Silicon Ensemble 3.2

= LIERARY

il

Fle Edt Wew Floorplan Place Raute  Repart  Very

Seale; Sweall
byeck 51 V=
Fegicm

B Group

_._EEDI‘ "
cell -

iiHet

Hewice ~

BEin “

Jh

] :Il button to return to
vour previous page.

L 0gk vy -0.02 dx 000 ay 000 sel 0

Q:18:54 + INPTT WERILOG CPO O+ dofe inportiog.
SELECT (78 D).
EELECT (48 27}

Help

3.2 Silicon Ensemble

3.3 Silicon Ensemble

3.3.1SE
SE
setup
1.
LEF (Library Exchange Format): ASCII
TLF (Timing Library Format) CTLF (Compiled Timing Library Format) CTLF
TLF TLF
GCF (General Constraints Format)
Verilog clock tree, Verilog

bus pins

17
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2.
DEF(Design Exchange Format)
DEF
incremental DEF
Preview
Verilog

GCF(General Constraints Format)

ASCII
Verilog
DEF

incremental DEF

SE

the Central Delay Calculator(CDC),

] Ineludes Timing Analysis

Full Y eification

SDF
3. setup
se.ini:
se.env:
se.fin:
dlc.init: GCF
3.3.2
1.
3.2
Logic Design
Impoil Data
|
- Initialize
I
Plare Iz and Blocks
|
Flan Power and Clock Bouting
|
Sdjust Size
3.2
2.
SE

18



se | sedsm | seultra [-b] [-j=journal] [-gd=drive] [-e=environmentalFile]

[-m=memorySize] [‘cmds”] [&] [-version]

-b:
-gd=ANSI: SE>
-gd-x:
ANSI
se | sedsm =b -gd=ansi “EXECUTE script.com; “ &
3.
1 LEF LEF LEF
GDsII AutoAbgen
File-Import-LEF INPUT LEF
2 GCF CTLF GCF
CTLF CTLF dlc.init
File-Import-Timing Library  INPUT CTLF
3 Verilog ( ) Clock tree,
File-Import-Verilog INPUT VERILOG
4
i) Verilog File-Import-Verilog  INPUT VERILOG.
i) DEF :File-lmport-DEF  INPUT DEF
5 DEF ( )
DEF File-Import-DEF  INPUT DEF
6 « )
GCF clodk tree
GCF
7 GCF SDF SDF DC
8 Verilog ( ) Verilog
4, floorplan
core, 110 core
GCell RGrid
Floorplan-Initialize Floorplan INITIALIZE FLOORPLAN
EDIT MOVE
5. I/O blocks
blocks /0 I/O pads
I/O pins I/Opads Place-1/0Os PLACE IO.
(Edit-Move  MOVE) (Place-Blocks  QPLACE BLOCKS
blocks
blocks Floorplan -Update Core Rows CUT ROW.

19



Route-Plan Power (-Delete Pwr Path
-Restore Pwr Path). power rings(-Add Rings CONSTRUCT RING) power
stripes(-Add Stripes  ADD STRIPE) (RingWires-Add | Change |
Delete).

7. (cell)
cell, cell
RSPF RSPF
I/0O pins, cell pin placement
floorplan

Floorplan-Compact Floorplan(Vsize) VSIZE
8.

SE Central Delay Calculator
Report-Timing Analysia REPORT TIMING
Report-Timing Path  REPORT TIMING PATH

Report-RC  REPORT RC

Report-Delay  DELAY SDF
9.
Floorplan-Compact Floorplan(Vsize) VSIZE
10% floorplan
10. clock trees( )
CTGen Place-Clock Tree
Generate CTGen skew budget clock tree
skew File-Import-DEF INPUT DEF ECO
clock tree
clock tree Report-Clock Skew REPORT CLOCK
SKEW clock skew Report-Timing Analyzsis REPORT
TIMING ANALYSIS , (violations)
11. ( )
violations
GCF PBOpt (
Place-Placement Optimization-PBOpt  PBS) QPlace (Place- Placement

Optimization-QPlace Optimization)
Floorplan-Compact Floorplan(Vsize) VSIZE

20



12.

Route-Connect Ring CONNECT RING power nets
Route-Clock Route  CLOCK ROUTE clock trees
nets Route-Warp Route  WROUTE,
Route-Globals Route  GROUTE  Route-Final Route FROUTE Search  Repair
violations
13.
Verify-Geometry  VERIFY GEOMETRY
violations
Verify-Connectivity VERIFY CONNECTIVITY violations
Verify-Antennas VERIFY ANTENNA antennas
search repair FROUTE wire net violations
Edit-Wire violations
14,
Report-RC  REPORT RC RSPF
Report-Delay  REPORT DELAYS SDF
Verilog File-Export-Verilog OUTPUT VERILOG
3.3.3 (datapath design)
datapath design datapath
File-Import-Verilog  INPUT VERILOG vip Verilog
floorplan datapath datapath
Floorplan-Datapath Toolbox-Initial Functions;
Floorplan-Datapath Toolbox-Add Regions;
Floorplan-Datapath ToolboxI-Place Regions
3.3.4ECO
1. File-Import-DEF ECO(INPUT DEF ECO) File-Import-Verilog(INPUT VERILOG
ECO)
2.
3. nets
GUI GUI 10.00 1000
DA Verilog-HDL PAD
DEF 10 constraint file (.ioc) generate clock tree ** ctgen.cmd

21



3.4 SE
341 block LEF

block LEF
block LEF

3.4.2 Wrap Route
verify Wrap Route
Search and Repair
verify,
3.4.3 report
report summary
row pin
report RC
net
report delay
net

3.5
3.5.1

1. DC Verilog core pad pad

DEF
2. 10 (.ioc)
3. clock tree (.constraint)
(.ctgen.cmd)

3.5.2 SE

%cd work
InitWorkDir.csh scripts/

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkkkkkkkkkkkhkkkkkkkkhkkkkkkkkkkkkkkkhkkkkkkk
#!/bin/csh -f
ifCbasename $cwd® == "work") then
# Remove all previous files.
\rm -r dbs *.cfg *.dtp *.gds *.info *.ini *.jnl *.rpt *.summary *.wdb
\rm -r *
# Prepare the directory.
mkdir dbs

22



cp ~chwtang/CSMC/csmchdlib/se/se.ini ./se.ini
# Start se in the background.
sedsm -m=500 &

else

echo "Not in work directory."
endif

*kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

SE

SE

% ../scripts/InitWorkDir.csh

SE
File-Import-LEF csmc06.lef
File-lmport-Timing Library csmc06.gcf
File-Import-Verilog ddfs.v ddfstop.v
File-Import-SDF SDF ddfs_constraints.sdf
File-Import-DEF pads DEF

SE

Initialize Floorplan
Floorplan-Initialize Floorplan
rows
lopads:
Place-los 10 pads ddfstop.ioc
IO pads
power planning
Route-Plan Power-Add Rings
Route-Plan Power-Add Stripes

Place-Cells clock tree:
Place-Clock Tree Generate(CTGEN) clock tree
clock tree  def

File-Import-DEF ECO

place filler core cells

Place-Filler Cells-Add Cells

Route-Connect Ring
Route-Wroute

File-Export-GDS I gdsll
File-Verilog Verilog
Report-Delay SDF

23
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PKS(Physical knowledge synthesis)

4.1
411 RTL GDsll
Cadence SPnR(Synthesis Place and Route)
RTL GDSIl
RTL
SPnR
GDsSII
SPnR
Cadence SPnR
RTL
RTL GDsll —
SPnR
RTL Verilog
VHDL verilog
VHDL EDIF
4.1.2

SPnr —PKS(Physically Knowledgeable Synthesis)
SE(Silicon Ensemble)

24



LEGEND

Main Staps Commands

PKS

RTL Synthesis

HITL 5ymlhes=ie
nitial Area  Esbmation  ard
Tiivdig Dvmsssn biech Plisssisal

3" Party Synthesis

RTL Synthesi

da_rtl #

Floarplaming
use SE interface

v

]

Block Refinement

|

Power Routing

Synthasis, Placemant,
Oiptimization do_pks

Fra-Placsivmeni Djlivization
Timing Driven Placsment
FastFaceman CpamEation

v

v

Clock Tres ganeration

Gererale CTPEE  comrand
and  consiraint Sles,  Then
generabe b dock rea

De_ctpks
v

v

Posd Chock Tres Gensralion
do post ctpls oplimize

Propagaled Clcks
Pk Gl Tigs Cprlimiazation

v

.

Glohal Rioubing

Timing Dwveen Global Rouiing
Post Foufe Optimizatons
Hodd e fixing

Dha_girouite
v

v

Final [0 etail) Routing

WROUTE Fianl Route

Search and Repair
da_wrout l
H Extract

Parasitic Extracton
da_hypereciract

2.50 Parasitic extraction

v

v

Drelay Caleoulation
do_delay_cale

Farasitic reduction and
delay caleulation

v

,

2o tming ard In-plce
Cieimiz sdiom

do post_mule_oplimize
Dp-post route sce

S0F Back Annotation
Timing Correstion
Hold Time Fimng

v

Warfication
Usa HECKASE Inferfaca

|

Formal WVarification

Verify Geometry
Venly Commectivity
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42 PKS SPnR
421
SPnR
1 SPnR
RTL ( )
Verilog VHDL
DEF 5.1+, PDEF 2.0
GCF
GCF 13,14
ALF 3.0, OLA(DCL), TLF 4.3
« )
TCL
LEF 5.2 LEF 5.3
ASCII
2.
Run script: do_rtl
Run script: do_pks
Run script: do_ctpks
Run script: do_post_ctpks_optimize
Run script: do_groute

Encapsulation:  do_wroute

Encapsulation:  do_hyperextract

Run script: do_delay_calc

Run script: do_post_route_optimize

Encapsulation:  dO_post_route_eco

3.

setup.tcl, library,tcl  design.tcl

4. PKS

set_global placement_initialize_autopass true
set_min_wire_length 10
set_Steiner_mode 1

4.0

report_globals

26
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auto_slew_prop_selection true
path_style_constraints true
clock_gating_to_be_checked true
extra_space_for_opt 0
4.2.2 RTL
PKS DEF

SPnR

RTL
RTL
PKS

Verilog DEF
RTL

<library>.tlf TLF

<library>.lef LEF

<library>.lut LUT

demo.v RTI
demo.def

constraints.tcl TCL
floor.tcf TCL

demo_rtl.adb Ambit

demo_rtl.v /

demo_rtl.def

timing_rtl.txt

RTL do_rtl
423
SPNR
PKS DP SPnR

SE

LEF DEF TLF

SE power planner

DEF DEF

27



<library>.lef LEF
demo_rtl.def RTL

demo_se.def

424
DEF
PKS
DEF

<library>.tlf TLF
<library>.lef LEF
<library>.lut LUT

RTL
demo_rtl.adb / RTL
demo_se.def RTL

RTL RTL
demo.v RTL
demo_se.def
constraints.tcl TCL
demo_pks.adb  Ambit
demo_pks.v /
demo_pks.def
timing_pks.txt
do_pks
PKS
do_place do_xform_optimize_slack
425
CTPKS PKS4.0 CTGen
PKS CTGen

28



CTGen ctgen2pks CTPKS TCL
do-ctpks
CTPKS
TLFALF (LEF) LUT

set_constrain_for_timing”

set_clock_root ”
“ set_clock_insertion_delay”

“ set _cel_property
don’t_utilize true {$celllrefs}”

( CTGen )

get_clock_tree_objects —buffer|-inverter ”

set_attribute $cellrefs ct_don't_utilize true” CTPKS
set_attribute $cellrefs ct_don't_utilize fause” CTPKS

dont_maodify
ctpks.tcl TCL

set_clock_tree_constraints —pin $clock_pin —min_delay 2.0 —max_dealy 2.5
—max_leaf transition 1.0

do_build_clock_tree —noplace —pin $clock_pin —save_structure
$clock_structure”
“ report_clock_tree —pin $clock_pin >clock_tree.rpt”
“ report_clock_tree_violations —pin $$4clock_pin >
clcok_tree_violation.rpt”

set_clock_tree_constrains”

report_clock_tree_violations”
CTPKS
CTPKS
* do_place —eco”
do_place —eco

“ do_build_clock_tree” “ set_clock_propagation_mode”

“ ”

29



CTPKS 4.3

Placed design

Set timing constraints

v

—® Set clock tree constraints

v

Report clock tree

v

Build clock tree

y

Report

v

do_place_eco

v

Report

-clock tree

-Clock Tres
-Wiolations

-timing

-Clock Tres
-Wiolations

-timing

Design w clock tree

4.3 CTPKS

4.2.6

Ambit Verilog

30
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4.2.7

RC

RC

<library>.tlf TLF
<library>.lef LEF
<library>.lut LUT
constraints.tcl TCL

demo_pks.adb

do_post_ctpks_optimize

PKS WROUTE

PKS

RC
RC

Veilog

Verilog

<library>.tlf  TLF
<library>.lef LEF
<library>.lut  LUT
Ambit
demo_post_ctpks.adb

demo_post_ctpks.v /
demo_post_ctpks.edf
constraints.rcl

demo_groute.adb
demo_groute.v
demo_groute.def

demo_groute.wbd WROUTE

31
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NETS
PKS
RC
DEF .adb
DEF
Ambit
Ambit



Verilog

4.2.8

DEF

do_xform_fix_hold —incremental —dont_reclaim —critical_ratio 0.0

write_verilog:
write_def:

quit and restart:

read_verilog:
read_def:

verilog

PKS

PKS

do_xform_fix_hold —incremental —dont_reclaim —critical_ratio 0.0

WROUTE
wroute
ULTRA

<library>.tlf
<library>.lef
<library>.lut

wroute.wrconfig
demo_groute.wdb
demo_groute.def

demo_wroute.wdb
demo_wroute.log

TLF
LEF
LUT

WROUTE

WROUTE

SPnR SE GUI
WROUTE 9

SE GUI

SPnR

WROUTE do_wroute

WROUTE

WROUTE
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do_wroute

4.2.9
HyperExtract
PKS HyperExtract
<library>.lef LEF
demo_wroute.def
hyperextract.rules
demo_hext.dspf Parasitic format DSPF
demo_hext.rspf RSPF
demo_hext.log HyperExtract
do_hyperextract
4.2.10

PKS3.0.X  SPnR

PKS4.0.X SPnR PKS
BulidGates/PKS
WROUTE HyperExtract DSPF RSPF
do_delay_calc
do_delay_calc

SPF
SDF
4.2.11
DSPF RSPF
SPF
PKS
Engineering Change Order ECO
ECO
ECO
ECO DEF ECO
ECO ECO

ECO
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ECO



SPF

<library>.tlf TLF

<library>.lef LEF

<library>.lut LUT

demo_groute.v /
demo_groute.def

demo_hext.rspf HyperExtract

timing_ipo.rpt
do_post_route_optimize

<library>.tlf TLF
<library>,lef LEF
<library>.lut LUT

wroute_eco.cmd
demo_groute.v /
demo_groute.def

demo_ipo.adb Ambit
demo_ipo.v /
demo_ipo.def
do_post_route_eco
4.2.12

DRC SE
SE

HECK HECK



Physical Synthesis

IC
Cadence Ambit, Silicon Ensemble, PKS(Physical
knowledge synthesis) Ambit logic synthesis Silicon Ensemble
placement & routing PKS
PKS
“ Physical Synthesis ”

RTL

EDA
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Documents about Ambit
SE_tutorial

SPnR Flow Guide for PKS 4.0.5
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