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Chip Design Elements iEDA

R e a
IP: Intellectual Property EDA: Electronic design
Funct;gnal mqg!ule automation software (tool)
\ J PDK N V)
4 ] ] N
: PDK: Process design A Flow: Chip design flow
kits from foundary Flow config and script
- /




System Specifications

Y

Architectural Design

v

Functional Design

Y

Logic Synthesis

v

Tech Mapping

v

Physical Design

v

Physical Verification

v

Sign Off

Y

Layout Processing

v

Fabrication

y

Package and Test

Physical Design IEDA

A
Netlist
e | GDS Ii
Floorplan: ensure die Placement: place std CTS: design clock Routing: route net
and core sizes, place cell into legal position, network, connect FFs, into routing track, opt
I0s, plan macros, plan insert filler, opt timing, opt skew, latency and timing, power and DRC.
PDN, place physical power and routability. power.

cell.

Floorplan Placement CTS Routing



e Level 1: Open-source tools, RTLs, PDKs support chip design
e Level 2: Open-source Infrastructure supports EDA development

We Need Infrastructure

RTL
Design

o

Chip Design Flow

RTL

ﬁ:? Level 1

= | EDA Tools | o
> Level 2

o

GDS
Layout

PDK

EDA Infrastructure

IEDA
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IEDA Overview IEDA

e EDA Infrastructure, EDA Tools, 3 times tape-out design by iEDA
Level 1: Open-source EDA, RTL, PDK, supporting chip design;
Level 2: Open-source Infrastructure supports EDA development and research

{ RTL ]
15t Tapeout 2nd Tapeout 3rd Tapeout _-" s
- RTL: ysyx03 -+ RTL: ysyx04 .+ RTL: ysyx04 _-- ¢
. :?eKa:' 1312‘:71mx 3.5mm . :2: T.gnmr:‘nx 4.5mm . :lr)e'::' %ngm x 1.5mm RTL el GDS I a8 Logic Synthesis 1
T Rk e e T e S e o . ’ Chip Design Flow L Netlist
T 2 | S 2m Design | p Desig D | 1ayout | 1IR : )
+ Scale: >70% Gates + Scale: >1.5M Gates + Scale: >1.5M Gates -
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N Analysis T | - !
. 1 —_—_—___fnay | | —m—m— | e
- ; i i
EDA Infrastructure [ rcedraction ]| [[_Clock Tree Synthesis Fp>t_icrs !
S0 e————— | — |
~ N 1 isTA :1—-| Static Timing Analysis | | Timing 0p+t'|mization I —>{__i1’9__=
— A mmmmem=—
EDA Infrastructure 0N I _iPA_ |  PowerAnalysis | 1 Routing FE=__iRT__!
Interface| Python | [ TCL | [ Shell | [ Gui™] [ IR Drop 1 ]
|
A | | l FiI'Ier |
Operator| Evaluator | | Solver || Analyzer | [ Reporter ||| . T
< Ay
N .
2023-01-04, 3+ Tapeout . Physical Verification — Sign-off |
|  FlowManager | [ Tool Manager | i SR "
et -
° Manager ‘ L _YORC e+ { Design Rule Check | ( ST )
3 tl mes ta pe-out | DataManager | |  File Manager | ~ |
N | Electronic Rule Check |
N
T — A
Database| Basic Data | | EDA Data | | Process data | A |

|File System | Parser | | Builder | [ Writer | | Plotter ||

11 EDA tools, 200
1 EDA infrastructure technologies, 300 K lines codes




IEDA Infra. Support EDA Tool iEDA

e To fast develop high-quality EDA tool, we need a Software Development Kit ( )
e IEDA can be used to support developing EDA tool or algorithm
e Infrastructure:

[ | .
iEDA-Interface L Functional Module
0 I‘ Initial_placer iEDA-
RTL . . GDS Operator
Design = Chip Design Flow = Layout : N global_placer
— iPL I, N Solver
ost_global_placer
PDK db EDA Tools Config AP] post. =
I ! Analyzer
e EDA. Tol= (T
EDA Infrastructure R - Evaluator
i detail_placer
Interface| Python | | TCL | | Shell | | GuUI | AN AL Ddae) e ==
\ buffer inserter Reporter
Operator[ Evaluator | [ Solver | [T 07 || i e | Database \ T —
. (Wrapper) = ¢y Utility
Flow M Tool M ||\ | T/ )
Manager ow Manager | | ool Manager | . ) “ocker :
Data Manager | | File Manager | 0 \ IEDA-
— DB-API \ evaluator Manager
- \
Database [ Basic Data | SEE | Process data | IEDA-Database \ grid manager gy Tool
— | _
: . . i) J
File System | Parser | | Builder | | Writer | | Plotter | AT oot \I topo_manager Data
(. V/. 1ef/ def/ 1 ( V/ def)
ib/. sdc U




Parsers and Database

e Parser: Verilog, SPEF, Liberty, SDF, VCD, SDC, , ITF, and GDSII
o Database: Design, Layout, Tech, Timing, Parasitic, Network

Common Data API

Tool Data API

Data

— > — —— — [ Manager
Design Network Liberty

— —
e~ R~

Parasitic Tech Layout D
e - < 2 ata
: Structure
Parser Builder
Chip Design Files Format
(.V(RTL) / .v(netlist) / .def / .lef / .lib / .sdc / .spef / .sdf .vcd
/ .itf/ .gds/.sp/ ..)

IEDA



Managers IEDA

Platform Manager

Features

e eerarsisrasarsaissasssssrssisssssssssssssssssssssssasss  Zimsaissssssssssssssssasssssssssssassssssssssssssssssssan,  oleaissssassasssissssssssisssssssasssssssssrssssssssssasss  Seassasassassssssssarssissassrssssssssassrssisrassrsaren

Statistic

Config
ChipData

Interactive

Proc Data

O Initialize
I:I Input

O Process

Floorplan
NetOpt

Placement

CTS

TimingOpt

Legalization

Routing
Filler
DRC

Summary

Density
Wire Length
Congestion :

Profiles

Evaluation |

Flow Results

Timing
DRC

Design _
Procedure

Serialize



Tools

Features

O

O

: D H
I:I Evaluation
O Reports
O

— tcl_config
— tcl_contest

— tcl_eval
— tcl feature
F— tcl flow
F— tcl_gui
F— tcl icts
— tel_idb
— tcl idrc
— tel_ifp

— tcl ino
— tcl_instance
F— tcl ipdn
— tcl ipl

F— tcl_ipw
F— tcl irt

— tcl ista
— tcl ito

— tcl report
L— tcl_util

Interfaces

Tools

Features

Reports

Evaluation

— py_config
— py eval
— py feature
— py flow
— py icts
— py_idb
— py idrc
— py_ifp

— py_imp
— py_ino
— py instance
— py_ipdn
— py_ipl

— py_ipw
— py_irt

— py ista
— py_ito

L— py report

File Operation
Layout View
Layers Control

Shape Setting

Instance Options

File Floorplan PDN Placement CTS Routing DRC
Layout

Net Options
PDN Options
Track Grid
DRC View

Clock Tree View

Control
v
DRC
Cut EOL Spacing
Cut Spacing
Cut Enclosure
Metal EOL Spa-
Metal Short
Metal Parallel
Metal Notch S
St

M3 ¥
VIA3 ¥
M4 v
VIAL v
M5 ¥

ppositon = (1529.62500, 1271.99700)



Floorplan (iFP) & Power Delivery Network (iPDNyEDA

=
Key
Metrics
- DIE Area 15 x 1.5 mmA2
Init layout
DIE Utili 0.166554
Plan IO Ce" Core Area 11 6 X 11 5
: . cmA2
= ' Core Utili 0.279541
' #|O Pin 110
\ 4
Place phy cell #Instance 297504
! #Net 311869
. pin (>=32) =
At 2893
PDN M1, M2, M7,

M8, M9, AP



Placement (iPL) IEDA

Flow B Min Wirelength Model
min
| s o = o
Build PL data reiaroRERfiis where is cell location, is wirelength,
(grid/topo) = = is the area density in , o s density thredhold.
) & ; ‘ i HPWLex (V)ZmaX xl,—x.‘
Init/global o ijee J
placement = i
: LSE, = y(ln [Z exp (ﬁDJr In (Z exp[_x’ jD
Post global o ice /4 ice v
placement | i 1 1
—_ E ) - E )
Check/Legalization i __
Detailed - _ ~0
placement - -
min = +

* Nesterov Method or



Build PL data
(grid/topo)

Init/global
placement

Post global
placement

Check/Legalization

Detailed
placement

Filler Instace

pa
is_ max_length_opt
max_length_constraint
[BUFFER]
max_buffer num
[BUFFER] buffer type

[GP-Wirelength]
min_wirelength_force ba

r

[GP-Density]
target_density
[GP-Density] bin_cnt x
[GP-Density] bin_cnt y

[LG]
global right padding

[DP]
global right padding

[Filler] min filler width

Placement (iPL)

iFP.def, iFP.v

iPL_result.def, iPL.v

Whether to enable
wirelength optimiz

set max wirelength constraint

Whether to enable timing

ignore net whose pin number

set number of CPU thread

Set the number of using max
buffer

Set available buffer name

Control wirelength range

Set target density

Set the number o

Bin

Set the number of vertical Bin
Set instance spacing (/site)

Set instance spacing (/site)

Set min width of filler (/site)

Basic Summary

30 > result epor port.txt
Generate ‘the report at 2023-08-15T15:10:33
ommmmm e een Hommmmmmeee +

| Base Info | value
oo e +

| Des | ged

| Utilization | 0.098599

| site Num | 78 * 542 |

| Instances Count | 795

- Macro Count | o

- Stdcell Count | 795

-- FlipFlop Count | 34

-- Clock Buffer Count | @

-- Normal Logic Count | 761

Nets Count | 675

- Signal Net Count

- Clock Net Count

- Reset Net Count

- Other Net Count

!
I
l
\
]
I
|
]
I
\

-t

| violation Info | value
—————————————————————————— Hmm ek

| Core Range Violated Count | o

| Row/Site Alignment Violated Count | @

| Power Alignment Violated Count

| Overlap Violated Count

Design rule violation
violation detail report.txt

Total HPWL

Max HPWL

Total STWL

Max STWL

LongNet HPWL (Exceed 1000000) Count

Peak BinDensity | 1.000000 |

| 0.000000 | 0.000000 | -0.194720 | -2

Average Congestion of Edges | ©.537355

| 53.000000 |
| 18.000000 |
B e e +

Total Overflow
Maximal Overflow

IEDA

..Wirelength
wl detail report.txt

| 14402289 |
| 328905 |
| 15057480 |
| 512025 |

- Congestion

...Instance density






Clock Tree Synthesis (iCTS) IEDA

Flow

Timing Power Violation

Latency (max delay) « Buffering e . * Fanout
Wirelength wire Length | «  Capacitance
i Slew (transition)

2255.200
9267.600

Inst Num | Min Skew Violation | 11683.821
232.360° [F (EEEE e e e e e e e e s R e R R R e e e s e s e s e Homm oo +

.62388e-05 .0145301 .00105275 Min Slew | Max Slew I\ Violation |

.000406356 0278176 .00972537

.0042316 .0411625 .0190886

\ 4
.00690457 .0566811 .0323446
cluster .0261657 .0760005 .0524973
.0261657 .0799602 .0623044
.0261657 .08 .0669329
.0603809 .08 .0743834

\ 4

Clock net gen

.0799208 5 .0799604
Clock net
routing

distrib

0355823
0342527
0148774
00736284
0175251
0116574
00706415
015983
0259563

0881141
0938317
103097
102664
103516
0884235
101609
0220045
0286678
.22507e-308

0564704
0559007
0581444
0516092
CEELEVE]
0402797
0506611
0188449
027312

161.021
1347.840
3871.380
5380.241
161.021

© 00000
NO OO0 OO e
[SEECINCENCRNC RIS I GG

—_—_— — +

InSt Ar‘ea o 0.80 H ‘ 94f | CKBD24BWP35P140/1
(um~2) ; . - ‘ e
a o 0. 6f | INVD1BWP4@P140L)

.0688073 o_sotonl ‘
145464 X 4 4 E .55 /-4.550F | PDXOEDG_V_G/XOUT

CKBD12BWP35P140 | Buffer I osc_100m_out_pad i |
.219663 [l \vor/S.000F | 5.7640/3.550f [ 6. 7040/ 4 5597 | PEsoeDs, .
CKBD16BWP35P140 | Buffer 227176 (iRt i I

R

000237424 .0432362
0518461 .0983796
119261 .174637
187633 .255905
250207 2319777
324988 .400232
405067 .452041
500763 .549897
573994 .578742
608399 .608399

.00143337

R
R

R

CKBD20BWP35P140 Buffer 40.824 _pll_clk |

.365337 _rcg/ul_lvt_ckmuxzhdva:T1 ! 6.189r/0.188 r/0.078F | CKMUX2DABHP4OP14OLVT/I1

CKBD24BWP35P140 | Buffer 254.016 o/ 11 [ [
435055 T : o \ ’ R e —
- CKBD4BWP35P14@ | Buffer 954.324 [ [
3 4_buf: T 0. 0. o 33f | 0. f | CKBDABWP35P140/T

B CKBD6BWP35P140 | Buffer 1280.29 i

dram_axi/u_core/U300:1 0. 6¢ INVD1BWP40P140LVT/I
608399 CKBD8BWP35P140 | Buffer 122.472 o i
g | BUFFDBBP3OP140LVT,

Timing analysis
and opt

(SIS NI RN I CINCINC IS)
© 000000

|
|
|
|
|
|
|
|
|
294133 89_buf: e 0. f | -0.0 80 | CKBD24BWP35P146/1 | R
|
|
|
|
|
|
|
|
|
|




Flow

PA (pin access)

RA (resource
assignment)

GR (global
routing)

TA (track
assignment)

DR (detail
routing)

VR (violation
repair)

Routing (iRT) IEDA

Optimization metrics: wirelength, timing, congestion, DRC
Optimization operations: Global routing: Track allocation: Detailed routing

Routing algorithms: Pattern routing, A* routing, Steiner tree, Non-linear
programming, Integer programming



PA (pin access)

RA (resource
assignment)

GR (global
outing)

TA (track
assignment)

DR (detail

Routing (iRT)

ra_model_1
800

700

500
- 400
- 300
- 200

-100

ut resource/congestion

r_model_1
- - 1.0

Point Numb

Pin Access

first iteration routing result

Wire Length

+06(15.622¢
1.41202e+06( 1

VIAL
VIA2
VIA3
VIA4
VIAS
VIAG
VIA7
VIAB
RV

Wirelength and via

).7,0.8)
.9)

Total

IEDA

Design rule check



Flow

Divide region

Read rule

Check rule

P P P P
< < < <

Generate DRC

Report DRC

Design Rule Check (iDRC)

Support DRC Rules:

« Cut Different Layer Spacing
« Cut EOL Spacing

« Cut Enclosure

« Cut Enclosure Edge

« Cut Spacing

« Maetal Corner Filling Spacing
« Maetal EOL Spacing

« Metal JogToJog Spacing

« Maetal Notch Spacing

« Metal Parallel Run Length

Spacing
« Metal Short
« MinHole
« MinStep

« Minimal Area

Top view

Width rule a
Spacing rules by, b,
Extension rule ¢
Intrusion rule d
Enclosure rule e

Side view

DRC
Visulization



Static Timing Analysis (iSTA) IEDA

0/1 D /Q D Q
Fy‘ll — data path FF2

~

1 /
Read timing lib cI¥ r clk
' ra 2 = #
/;wb/ _-
Build timing graph Clock +— —I— -
| oc __ .B— — clock path
source-r -
buf2
Calculate delay
(cell and net)
Timing path — - = i
propogation | + -+ + = = Setup Constraint
Jls el + - F - - = = Hold Constraint

and r2port




Read timing lib

Build timing graph

Calculate delay
(cell and net)

Timing path
propogation

Timing analysis
and r2port

Support hierarchy netlist
and def

Basic setup/hold analysis
Support NLDM/Elmore
Support CCS model

Support high-level net
delay model

Support sdf mark
ocv

AOCV

POCV

Consider IRDrop analysis
on multi-voltage domain

Hierarchy analysis
Crosstalk analysis
clock gate analysis

Latch analysis

Path delay

ul_clk:XC (PDXOEDG_V_G)
sys_clk_100m (clock net)
ul_clk_xc_donottouch:I (CKBD12BWP40P140LVT)
ul_clk_xc_donottouch:Z (CKBD12BWP40P140LVT)
sys_clk_100m_buf (clock net)
u@_rcg/ul_lvt_ckmux2hdv4:I0 (CKMUX2D4BWP40P140L
u0_rcg/ul_lvt_ckmux2hdv4:Z (CKMUX2D4BWP40P140
u0_rcg/mux_core_clk (clock net)

g/mux_core_clk_0_buf:I (CKBD4BWP35P140)

g/mux_core _buf:Z (CKBD4BWP35P140)
u0_rcg/mux_core_clk_0 (clock net)
u6_rcg/mux_core_clk_div3/gt_enl_reg:CP (DFSNQD1BWP40P140LVT)
clock CLK_ul_clk_XC (rise edge)
clock network delay (propagated)
u0_rcg/mux_core_clk_div3/gt_enl_reg:CP (DFSNQD1BWP40P140LVT)
u0_rcg/mux_core_clk_div3/gt_enl _reg:Q (DFSNQD1BWP40P140LVT)
ub_rcg/mux_core_clk_div3/gt_enl (net)
u@_rcg/mux_core_clk_div3/U_GT1:E (CKLNQD4BWP40P140LV

ul_clk:XC (PDXOEDG_V_G)
sys_clk_100m (clock net)

ul_clk_xc_donottouch:I (CKBD12BWP40P140LVT)
ul_clk_xc_donottouch:Z (CKBD12BWP40P140LVT)
sys_clk_100m_buf (clock net)
u0_rcg/ul_lvt_ckmux2hdv4:I0 (CKMUX2D4BWP40P140
u0_rcg/ul_lvt_ckmux2hdv4:Z (CKMUX2D4BWP40P140
u6_rcg/mux_core_clk (clock net)
u®_rcg/mux_core_clk_0_buf:I (CKBD4BWP35P140)
u@_rcg/mux_core_clk_0_buf:Z (CKBD4BWP35P140)
u0_rcg/mux_core_clk (clock net)
u0_rcg/mux_core_clk_div3/U_GT1:CP (CKLNQD4BWP40P140LVT)
clock CLK_ul_clk_XC (rise edge)

clock network delay (propagated)
u@_rcg/mux_core_clk_div3/U_GT1:CP (CKLNQD4BWP40P140LVT)
library hold time

clock reconvergence pessimism

data require time
data arrival time
slack (MET)

L e R i I
\M WW ‘v' \ﬁl‘w&W M \‘M I ’M«MI\“NMW Mv

- LA B L A

— ECM

—— MD2M
Deviation

—— Ratio
Prime Time

1 M‘,wa‘ b W\,ﬂw‘,ff;wﬂm,\,w A A~ ’\/\—v\rl‘—'\/\‘/‘vy\\.ﬁ»\j A ATAAI A ANy~ AN AN A AR

2300 2400 2500 2600 2700 2800 2900

Path id

mean
variance
median
maximum

minimum

1.11
0.00095
1.107
1.5404
0.9035



Optimization (iTO) IEDA

DRV report

e Fix timing design rule
violation

e Max cap/Max slew/Max
th.vio: wirelength/Max fanout

et e § e Fix hold time

e Fix setup time

e Cell sizing

e Buffer Insertion

e Load Insertion

e Buffer/load location

nput | ipLae, iCTscef

iTO_setup_result.def,
iTO_hold_reslut.def

setup_slack
Electronical S

Evaluation hold slack_ hold slack value
margin

setup slack value

max_buffer

percent Area ratio of inserted buffer

analysis —

max utiliza S
E— Core utilization
tion

DRV_insert | )\ ailable buffer for o
_buffers

setup _inser

t buffers Available buffer for optimizing setup

hold insert

“buffers Available buffer for optimizing hold T T

Opt vio path

CLK_chiplink_tx_clk
-185.768 -1.27825 CLK_clk_hs_peri
-2606.7 -0.106129 CLK_div2_core
CLK_div2_hs_peri -216.759 -0.028571 CLK_div2_hs_peri
(_div3_hs_peri -72.5124 -0.028571 CLK_div3_hs_peri
CLK_div4_core -1304.1 -0.106129 CLK_div4_core
CLK_div4_hs_peri -185.768 -1.27825 CLK_div4_hs_peri
CLK_div4_peri -231.408 -0.042802 CLK_div4_peri
CLK_sdram_clk_o (] CLK_sdram_clk_o
CLK_spi_clk
_spi_ 0 CLK_spi_clk_out
CLK_u@_chiplink_rx_clk_pad_PAD -89.8732 -0.028408 CLK_u®_chiplink_rx_clk_pad_PAD
CLK_u®_clk_XC -2987.42 -0.106129 CLK u@ clk XC
CLK_u@_pll_FOUTPOSTDIV -8546.64 -0.106129 CLK_u@_pll FOUTPOSTDIV
CLK_ul_clk_XC =2755:16 -0.106129

number pa
sses allowe
d decreasin
g _slack

The number of times that WNS is
allowed continuously decrease when
opt setup

® ® ®

®®®

Legal .ceII rebuffer m For setup, a wire network is not
location ax fanout optimized for buffer insertion when
= its fanout exceeds this value

For setup, fanout is reduced by
inserting a buffer when fanout is
greater than this value

split_load_
min_fanout

(CIECRNCINGC RG]

©

Hold report



Flow

!

Read timing lib

Build power
graph

Data mark
Calculate Toggle

Toggle and SP
Propagation

Calculate and

buildGraph

readVCD
buildSeqGraph

checkPipelineLo
op

levelizeSeqGrap
h

propagateTogg|
eSP

calcLeakagePow
er

calcinternalPow
er

calcSwitchPower

analyzeGroupPo
wer

reportPower

Power Analysis (iPA)

T oerion

Build iPW graph data
structure

Parse the VCD file

Build timing subgraph

Detect PipeLine loop

Grade timing
subgraph

Propagate Toggle and
SP data on the graph

Calculate the leakage
power

Calculate internal
power

Calculate switching
power

Analyze power data

Output power report

IEDA

cases 1PA total power | Innovus total power | deviation
aes_cipher_top 22.22mW 23.74mW 6.4%

gcd 0.38mW 0.37mW 3.6%

uart 0.51mW 0.49mW 3.9%

Generate the report at 2023-85-06T09:54:06
Report : Averaged Power
e e e Fommmm - Fo-mmm - o e +

| Power Group - | Internal Power | Switch Power | Leakage Power | Total Power | (%) |

] e i e S e e T e +
| combinational | 1.064e-87

| 5.063e-09 | 3.879e-08 | 1.422e-07 | (27.595%) |
| sequential | 2.862e-07 | 7.337e-09 | 7.963e-08 | 3.732e-07 | (72.405%) |
e e e e e L Fommmmmmmm e m e m e e e e LT e e +
Net Switch Power 1.240e-08 (2.406%)

Cell Internal Power 3.926e-07 (76.173%)

Cell Leakage Power 1.104e-87 (21.422%)

Total Power == 5.154e-07

e Evaluate power before / during / after the
physical design process

e Average model

e Timing window (coming soon)
e VCD parser

e Report/API
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iIFlow: A Chip Design Flow

IEDA

e iFlow: supporting different EDA tools, PDKs, designs

--- k Physical Design

PCB

7
Implementation \ |

/

| | 1

! | Synthesis/DFT | C—F)

1 | 1

LY, 559-
I

Tapeout —

3 )
_________

<:I [ Package
| &Test

Chip design flow

iFlow

— build_iflow.sh
@ =——=> |— foundry

—log

— report

— result

@ — [t
— scripts

@ —— [—tools
L— work




Flow: Netlist -> GDSII IEDA

v Enabling the Physical Design Flow,
v Supporting Technologies: 110nm, 28nm, Open-source Technologies (Sky130, Nangate45)

o (N o ()
Netlist/DEF Floorplan Placement

%

B - - - -
GDsli Placement Fix Hold
egalizatio | Setup

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

IEDA Physical Design Flow




Environment Config IEDA

® Userguide: https://gitee.com/oscc-project/iEDA/blob/master/docs/user _guide/iEDA user guide.md

Download and Compile iEDA Design (28nm) Library

# [H1iEDAGE

git clone https://gitee.com/oscc-project/iEDA.git iEDA && cd iEDA °

# Wit apt iR, % EroothliR v" Netlist v' TechLEF
sudo bash build.sh -i apt

# ZWiE iEDA

bash build.sh -j 16 ‘/ Std cell LEF
# BB IEFE it "Hello iEDA!™ 4% Eh
v liberty

./bin/iEDA -script scripts/hello.tcl

¥ ./bin/iEDA BJHS ./scripts/design/sky130_gcd v S d c
# $#01 ieDA F|skyl3e Hx
cp ./bin/iEDA scripts/design/sky13@_gcd/. ‘/ (Spef)
Environment
- A :
N — ﬂ
5 Server rYPTrTTTY
PDK Design 3rd Party
e esER Ubuntu 20.04.5 LTS Y




TCL Scri IEDA

:’}— DB_script # Data process flow scripts
0’. ‘ I— db_init_lef.tcl # initialize lef
..’ \ I— db_init_lib_drv.tcl # initialize lib only for flow of drv
o ‘ I— db_init_lib_fixfanout.tcl # initialize lib only for flow of fix fanout
v" \ I— db_init_lib_hold.tcl # initialize lib only for flow of optimize hold
}— design #iEDA flows for different designs :’ \ f— db_init_lib_setup.tcl # initialize 1lib only for flow of optimize setup
‘ '— ispdis #tbd ..' ‘ I— db_init_lib.tcl # initialize 1lib for common flow
‘ L— sky13e_gcd #flow of gcd in skyl13e ..’ | | db_init_sdc.tcl # initialize sdc
‘ |_ iEDA :’ ‘ I— db_init_spef.tcl # initialize spef
‘ |_ DA cenf oz e e e :0 \ I— db_path_setting.tcl # set paths for all.pr.'ocess:mg 1:echn010gy.f116.=sJ including TechLEF, LEF, Lib, sdc and st
0 \ I— run_db_checknet.tcl # check net connectivity based on data built by DEF (.def) and LEF (.lef & .tlef)
‘ |_ README . md ,” ‘ I— run_db_report_evl.tcl # report wire length and congestion based on data built by DEF (.def) and LEF (.lef & .-
‘ |_ result # 1EDA result output files ,” \ I— run_db.tcl # test building data by DEF (.def) and LEF (.lef & .tlef)
‘ l_ run_iEDA_gui.py # Python3 script for running all iEDA 'F.J,bw with GUI layout ‘ I— run_def_to_gds_text.tcl # transform data from DEF (.def) to GDSII (.gdsii)
| }— run_iEDA.py # Python3 script for running all iEDA.*low |  }— run_def_to_verilog.tcl # transform data from DEF (.def) to netlist (.v)
‘ --J— ;Hg.;EDA,ghu----#-P@j})(n-g*gllli!.:i‘i[ii.ﬁq.r‘.rmplng all lEDA flow ‘ '— run_netlist_to_def.tcl # transform data from netlist (.v) to DEF (.def)
‘ Q'..._. .scr‘lpt # TCL script files ---__-_. 5 \ L— run_read_verilog.tcl # test read verilog file (.v)
}_.Foundry S EEEEsEsEEEEsEEEEEEEEEEEEEEEEEEEEEEEEEEE “ }—iCTS_scr‘ipt # CTS flow scripts
‘ l_ L \“ } Il: run_iCTS_eval.tcl # report wire legnth for CTS result
. run_iCTS_STA.tcl # report CTS STA
\ L— sky13e # SkyWater Open Source PDK ., ‘ g S d—
‘ |_ lef # lef files ‘\ }— iDRC_script # DRC(Design Rule Check) flow scipts
‘ l_ lib # lib files “‘ ‘ I— run_iDRC_gui.tcl # show GUI for DRC result
| — sdc # sdc files %, |  — run_iDRC.tcl # run DRC
‘ L— spef # folder for spef files if needed A F— iFP_script # Floorplan flow scripts
L— hello.tcl # Test running iEDA “‘ ‘ b— module # submodule for Floorplan scripts
% | | }— create_tracks.tcl # create tracks for routing layers
* ‘ | I— pdn.tcl # create pdn networks
*e | | L— set_clocknet.tcl # set clock net
“‘ \ L— run_iFP.tcl # run Floorplan
% }— iGUI_script # GUI flow scipts
"‘ |  '“— run_iGUI.tcl # run GUI
“‘ }— iNO_script # NO(Netlist Optimization) flow scipts
% \ L— pun_iNo_fix_fanout.tcl # run Fix Fanout
“ }— iPL_script # Placement flow scripts
% ‘ I— run_iPL_eval.tcl # report congestion statistics and wire legnth for Placement result
‘1\ b— run_iPL_filler.tcl # run standard cell filler




.system(".

/1iEDA -script

/1EDA -script

./iEDA -script
./iEDA -script

'./iEDA -script
./1EDA -script
./1EDA -script

Flow

./1EDA -script

./1EDA -script

.system("'

/iEDA -script
/iEDA -script

./1EDA -script

./1EDA -script
./1EDA -script

./1EDA -script

.sys ¢
.system("'
.system(".

s.system('.

.system("'.

./1EDA -script

/1EDA -script
/1iEDA -script

/iEDA -script

/1EDA -script

.[script/iFP script/run iFP.tcl")

./script/iNO_script/run_iNO_fix_fanout.tcl")

./script/iPL_script/run_iPL.tcl')
./script/iPL_script/run_iPL_eval.tcl')

./script/iCTS_script/run_iCTS.tcl"')
./script/iCTS_script/run_iCTS_eval.tcl')
./script/iCTS_script/run_iCTS_STA.tcl'

./script/iTO_script/run_iTO_drv.tcl"')
./script/iTO_script/run_iTO_drv_STA.tcl")

./script/iTO_script/run_iTO_setup.tcl')
./script/iTO_script/run_iTO_hold.tcl')
./script/iT0_script/run_iTO_hold_STA.tcl')

./script/iPL_script/run_iPL_legalization.tcl"')
./script/iPL_script/run_iPL_legalization_eval.tcl")

./script/iRT_script/run_iRT.tcl')
./script/iRT_script/run_iRT_eval.tcl')
./script/iRT_script/run_iRT_STA.tcl')
./script/iRT_script/run_iRT_DRC.tcl')

./script/iPL_script/run_iPL_filler.tcl")

./script/DB_script/run_def to_gds_text.tcl')

TCL Scri IEDA

flow_init -config ./iEDA_config/flow_config.json
db_init -config ./iEDA_config/db_default_config.json
ce ./script/DB_script/db_path_setting.tcl
./script/DB_script/db_init_sdc.tcl

Placem e nt /script/DB_script/db_init_lef.tcl
def_init -path ./result/iTO_fix_fanout_result.def
run_placer -config ./iEDA_confi 1 default_config.json
def_save -path ./result/iPL_result.def
netlist_save -path ./result/iPL_result.v -exclude_cell names

report_db -path "./result/report/pl_db.rpt"

flow_exit




e Config

v [@ iEDA_config

D cts_default_config.json
D db_default_config.json
D drc_default_config.json
[3 flow_config.json

[9 fp_default_config,json

D no_default_config_fixfanout...

....___D_Rl_default_conﬁg.json

D rt_default_config.json
D to_default_config_drv.json
D to_default_config_hold.json

[Y to default config setup.json

Parameter Config

IEDA

w0 N OV AW

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
Y
35
36
37
38

39

.‘ iEDA / scripts / design / sky130_gcd / iEDA_config / pl_default_config.json

Blame 82 lines (82 loc) - 2.38 KB

"is_max_length_opt": @,

"max_length_constraint": 1eeeeee,

"is_timing_effort": e,

"is_congestion_effort": o,

"ignore_net_degree": 100,

"num_threads": 1,

"6p%: {

"Wirelength": {

"init_wirelength_coef": ©.25,
"reference_hpwl": 446000000,

"min_wirelength_force_bar": -300
1s
"Density": {
"target_density": 0.8,
“bin_cnt: x": 128,
"bin_cnt_y": 128
1

"Nesterov": {
"max_iter": 2000,
"max_backtrack": 1o,
"init_density_penalty": ©.00008,

"target_overflow": @.1,

"initial_prev_coordi_update_coef": 100,

"min_precondition™”: 1.0,
"min_phi_coef": 0.95,

"max_phi_coef": 1.05

}

s

"BUFFER": {
"max_buffer_num": 1leeee,
"buffer_type": [

"sky13e_fd_sc_hs__ buf_1"

]

s

TEGY:

"max_displacement": loeeee0,
"global_right_padding": @

iEDA / scripts / design / sky130_gcd / iEDA_config / pl_default_config.json

Blame 82 lines (82 loc) - 2.38 KB

a2
43
44
a5
16
a7
a8
a9
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

"max_displacement”: 1eeeeee,
"global_right_padding": e,

"enable_networkflow" : @

s
"Filler": {

Hfiinst dter®s [
"sky13e_fd_sc_hs_ fill 8",
"sky13e_fd_sc_hs_ fill 4",
"sky13e_fd_sc_hs_ fill 2",
"skyl3e_fd_sc_hs_ fill 1"

1,

"second_iter": [
"sky13e_fd_sc_hs__ fill 8",
"sky13e_fd_sc_hs_ fill 4",
"sky13e_fd_sc_hs_ fill 2",
"sky13@_fd_sc_hs_ fill 1"

1

"min_filler_width": 1

s
Mp=; {

"fixed_macro": [],
"fixed_macro_coordinate": [],
"blockage": [],
"guidance_macro": [],
"guidance": [],
"solution_type": "BStarTree",
"SimulateAnneal”: {
"perturb_per_step": 1ee,
"cool_rate": .92
s
"Partition": {
"parts": 66,
"ufactor": 1ee,

"new_macro_density": 0.6

Ts
"halo_x": o,
"halo_y": o,

"output_path": "${RESULT_DIR}/pl/"




Flow

THEHL

(Floorpan)

RIFRALAL (Fix

Fanout)

LIS

(Placement)

hRERITEM
(R0
=)
RS
(CTS)

ATEhiEEE
TG (HhER)
ATt SR
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Fix DRVEZSERIT
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1EEHoldiE ]
(Fix Hold

Violation)

Fix Hold45881F
& (FERTR)
BITEiE
(Legalization)
BIEERITEGL
(THLZA<AA
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st
(Routing)

Script

JiEDA -script ./script/iFP_script/run_iFP.tcl

JIEDA -script
/script/iNO_script/run_iNO_fix_fanout.tcl

JiEDA -script ./script/iPL_script/run_iPL.tcl

JiIEDA -script
/script/iPL_script/run_iPL_eval.tcl

JiEDA -script ./script/iCTS_script/run_iCTS.tcl
JiIEDA -script
/script/iCTS_script/run_iCTS_eval.tcl

JiIEDA -script

/script/iCTS_script/run_iCTS_STA.tcl

/IEDA -script
script/iTO_script/run_iTO_drv.tcl

J/IEDA -script
Jscript/iTO_script/run_iTO_drv_STA.tcl

/iIEDA -script
Jscript/iTO_script/run_iTO_hold.tcl

JiIEDA -script
script/iTO_script/run_iTO_hold_STA.tcl
JIEDA -script
/script/iPL_script/run_iPL_legalization.tcl

JIEDA -script
/script/iPL_script/run_iPL_legalization_eval.tcl

JiEDA -script ./script/iRT_script/run_iRT.tcl

Config

/IEDA_config/cts_default_config.json

/IEDA_config/pl_default_config.json

J/iEDA_config/cts_default_config.json

/IEDA_config/to_default_config_drv.json

J/iEDA_config/to_default_config_hold.json

/iEDA_config/pl_default_config.json

How to Run Netlist -> GDSII Flow by iEDATEDA

Design Input

Jresult/verilog/gcd.v

/result/iFP_result.def

./result/iTO_fix_fanout_resu

/result/iPL_result.def

Jresult/iPL_result.def

/result/iCTS_result.def

/result/iCTS_result.def

Jresult/iCTS_result.def

Jresult/iTO_drv_result.def

./result/iTO_drv_result.def

/result/iTO_hold_result.def

./result/iTO_hold_result.def

./result/iPL_Ig_result.def

./result/iPL_Ig_result.def



v’ Statistics
- iFP
« INO
« jPL
« iCTS
- iTO
« IRT

v Evaluation
« Placement
« CTS
«  Physical Incremental

« Routing

R
Summary

oo
| Module
s
DIE Area ( um
DIE Usage
CORE Area ( um*2 )
CORE Usage

1499.9

= 1160.040000 *

Number Site
Number Row

Number Track
Number Layer
Number Routing Layer
Number
GCell Grid

Cell Master

Via Rule

Number
Number
Number

Number
Number
Number Blockage
Filler

Number Net

Number

|
|
[
|
|
|
|
[
|
|
Cut Layer
|
|
|
[
|
|
|
|
|
Number |

Special Net

Congestion Report

---

Bin Partition | Total Count |

-t

65536 |

-t

Percentage |

---

|
|
|
|
|
—-- -t

Percentage |
-t

|
|
|
|
|
.

v Design rule

violations
« |RT

v' Timing & Power

Drc Summary

Different Layer Spacing
Cut EOL Spacing
Cut Enclosure
Cut EnclosureEdge
Cut Spacing
Metal Corner Filling Spac
Metal EOL Spacing
Metal JogToJog Spacing
Metal Notch Spacing
Metal Parallel Run Length Spacing
Metal Short
MinHole
MinStep

Minimal Area

« Setup, Hold, Violations, Power

« Placement, CTS, Fix DRV, Fix Setup/Hold,

Point

miso_pad (port)
miso_pad (net)
0:PAD (PDDWOADGZ_H
miso:C (PDDWO4DGZ_H_G)

flash_miso (net)
_flash_mis

AL (INRZD1BWP4OP140LVT)
ZN (INR2D1BWP40P140LVT)
(clock net)

3BWP30P140LVT )

lash_u0_spi_top_:
_flash_u@_sp

_top_sh

“spi_flash_u0_spi_top_shift

c| op_u0_spi_flash_u@_spi_top_sh

C6802_u0_soc_top_ud_spi_flash_ud_spi_top_sh

_u0_spi_flash_ud_spi_top_shift et)
op_ub_spi_flash_u0_sp

_flash_u0_spi_-

WP30P140LVT)

WP30P140LVT)
WP3OP140LVT)

FD2BWP35P140LVT )
FD2BWP35P140LVT)

UFFD3BWP35P140LVT )
FFD3BWP35P140LVT )

Routing

Delta Delay

.0000000 1.0000000

.0000000 0.0010000 0000000 0000000
0000000
0000000

0.0000000 0000000
017 0765001

0.0000000
0000000
.0028179
.0197853

2612.1424828
0.0000000

0000000
0765001
0000000
1760.8977135
0.6000000

0000000
0765001
0000000
.0005121
.0012539

1727.8863792
0.6000000

0194320
0186460

0000000
0765001
0000000
.0005980
.0329341

21830030
0.0000000

0057640
.0510340

0000000
.0765001

.0000000
.0005980
.0327282

701.9384875
0.0000000

.0107370
.0507560

.0000000
.0765001
0000000
0006282
.0117069

900.9526939
0.0000000

.0136380
.030189%0

0000000
.0765001
0000800
.0006183
.0246096

538.5603962 0.00871530
0.6000000 0415460

0000000
0765001

1621088
3253512
6429817
94
7794204
744067

0
©0.0000000
29.1000000

0.06000000
0.8057400
©.0000000
0.0217290

0000000
0263400

0129420
0294440

0000140
0428270

0085510
0440820

0107520
9326970
0030720
0401200

[}
[}
[}
2

9.

29.

29

29
29.9274690r

00000001

0000000
10000001

10000001
.9057400r

.9057400r

.9274690r
.9538090r

29.9667510r
29.9961950r

29.9962090r

.0390360r

30.0475870r
30.0916690r

30.1024210r
30.1351180r

30.1381900r
30.1783100r




Inst Number

Data Analysis IEDA

Instance number Net number Pin number
Inst Number Over Steps Net Number Over Steps Pin Number Over Steps
550000 1 — |nst Number §826 T NEUNUTBar 20446 320457 320457 320457 320457 320457 | 190758 Pin Num
320000 105 1
500000 A
318000 A 104 3
450000 — % |
8 ba
E o
2 316000 3 1074
400000 1 ” g E
= &)
=
350000 1 314000 - 107 3
3000007 312000 | 107 3
P NOo PL CTS DRV Hold LG  RT Filler FP NO PL CIS DRV Hold LG  RT Filler FP  NO PL CTS DRV Hold LG  RT  Filler
Steps Steps Step
) ) _ _ ) v' Most of the nets consist of 2 pins and 3 pins.
v" Floorplanning -> Routing, where #Inst v The total increase #nets in backend physical ) .
db d by th g a I buted b v The number of nets with excessive fanout
increase 8594, generate the Fix esign flow is 8324, primarily contribute o o )
Y J ] Y .g o P Y _ Y (Pins in Net) was optimized in the NO stage,
Fanout, CTS, DRV, and Fix Setup/Hold. netlist optimization and clock tree synthesis )
. _ _ ) reducing from 2893 to 7.
v" In the Filler stage, 252361 Instances is added. stages, which are 5140 and 3284, respectively. )
v In the CTS stage, 87 new clock nets with

excessive fanout were generated (Pin
Number > 32).



Example Design: ysyx-04-01

RTL: ysyx(—&—ity)-04

PDK: 28nm

Area: 1.5mm x 1.5 mm

Power: dynamic = 317mW, leakage = 29 mW
Freq.: 200MHz

Scale: >1.5M Gates

Features: 11 pipelines with cache, IP: UART,
VGA, PS/2, SPI. SDRAM, 2 PLLs, support Linux

CTS

Routing DRC
part metrics | iPL (place) | iCTS | iTO iRT (route)
Finst 1043440 1057201 1057549 1057549
#net 1015532 1029383 1029641 1029641
utilization 0.563929 0.570644 0.570768 0.570768
HPWL 34108823398 | 35042653984 | 35044866877 50157263995*
STWL 46195026227 | 46580611921 46581568292 N
frequency 245.245 238.226 241.386 224254
#DRC 0 0 0 233335

" Total wirelength after routing




BFEDAIRIHSALH iEDA

IEDARYReadme:
e https://qgitee.com/oscc-project/iIEDA

IEDAERERS:
o https://ieda.oscc.cc/tools/ieda-platform/quide.html

IEDAZE, Zmi%. B1TA5I:

e https://www.bilibili.com/video/BV1mp4y1P7C7/?spm id from=333.999.0.0

FEDARIpythonZEIIRTL-to-GDSi HigiH IS

o https://www.bilibili.com/video/BV1Brm8YVEaY/?spm id from=333.999.0.0&vd source=2ac617c241afd7
f9774b0add4e647179



https://gitee.com/oscc-project/iEDA
https://ieda.oscc.cc/tools/ieda-platform/guide.html
https://www.bilibili.com/video/BV1mp4y1P7C7/?spm_id_from=333.999.0.0
https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c241afd7f9774b0add4e647179

Example Design: from other users

e gcd & APU
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gcd, skywater 130nm
Area: 0.15mm X 0.15 mm
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IEDA



min

® where

is cell location,
Is the area density in ,

R & D EDA Tools or

® Min Wirelength Model

= o

is wirelength,
o Is density thredhold.

e Nesterov Method OrF Conjugate Gradient

. Given %, #=A—b; pi= ¥
2. Fork=0,1,2,... until || ]| =0

073
Lr+1
Te+1
Br+1
PEe+1

e Assighment:
method by C++ or Python, and test it on
“IEDA/IPL" , submit by PR to iEDA repo.

Tgrk/PZApk
T + QkPk

i + ar Apy
Tai1Tht1/Th Th

—Tk+1 + Br+1Dk

please implement CG

Algorithms

38 VvV
Q Gotofile t .
> B module . 40
41
v solver 42
[ — 43
v conjugate
Jug 44
3 CcMakeLists.txt 45
46
[ readme.md a7
v [ nesterov .
49
[ CcMakeLists.txt 50
51
D Nesterov.cc
52
[ Nesterov.hh 53
- 54
> partition 55
> BB simulate_anneal 56
57
> subgradient 58
: 59
3 CMakeLists.txt
60
> BB utility 61
) 62
[ CMakeLists.txt 3
[ PlacerDB.cc Bt
65
D PlacerDB.hh 66
67
> test
68
[ CMakeLists.txt 69
70
[ README.md -

(<

{

IEDA

lass Nesterov

public:

Nesterov();

Nesterov(const Nesterov& other) = delete;
Nesterov(Nesterov&& other) = delete;

~Nesterov() = default;

// getter.
int get_current_iter() const { return _current_iter; }
const std::vector<Point<int32_t>>& get_current_coordis() const { return _current_coordis; }
const std:

const std:

:vector<Point<float>>& get_current_grads() const { return _current_gradients; }
:vector<Point<float>>& get_next_grads() const { return _next_gradients; }

const std::vector<Point<int32_t>>& get_next_coordis() const { return _next_coordis; }
const std::vector<Point<int32_t>>& get_next_slp_coordis() const { return _next_slp_coordis; }

float get_next_steplength() const { return _next_steplength; }

// for RDP

const std::vector<Point<float>>& get_next_gradients() const { return _next_gradients; }

float get_next_parameter() const { return _next_parameter; }

void set_next_coordis(const std::vector<Point<int32_t>>& next_coordis) { _next_coordis = next_co
void set_next_slp_coordis(const std::vector<Point<int32_t>>& next_slp_coordis) { _next_slp_coord
void set_next_gradients(const std::vector<Point<float>>& next_gradients) { _next_gradients = nex
void set_next_parameter(float next_parameter) { _next_parameter = next_parameter; }

void set_next_steplength(float next_steplength) { _next_steplength = next_steplength; }

// function.
void initNesterov(std::vector<Point<int32_t>> previous_coordis, std::vector<Point<float>> previoi
std::vector<Point<int32_t>> current_coordis, std::vector<Point<float>> current

void calculateNextSteplength(std::vector<Point<float>> next_grads)

void runNextIter(int next_iter, int32_t thread_num);

void runBackTrackIter(int32_t thread_num);
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IEDAFFRICHE

Netlist-to-GDS II

e 11 tools, and other 5 tools are R&Ding.
o Design, Analysis, Verification

Repo

o Gitee: https://gitee.com/oscc-project/iEDA

e GitHub: https://github.com/OSCC-Project/iEDA

e Gitlink: gitlink.org.cn/OSchip/iEDA
e Openl: openi.pcl.ac.cn/OSCC/IiEDA

Stared & Fork
o Stared: 238+138=376
o Fork:53+21=74

Number of Codes
e >0.3M lines
o exclude 3rd party and history

Contributors
o Total: 80 contributors

Solutions

O Frocur

& OSCC-Project /iEDA ' Public

<> Code (@ Issues 1% Pull requests

9 master -

gitee

i cmake

docs
M scripts

src
clang-format
clang-tidy
dockerignore
_gitignore
gitmodules
CMakeLists.txt
Dockerfile
LICENSE
README-CN.md

README.md

0D 0O D0ODD0OD DD DD D ODD

build.sh

Open Source

(3 Issues (3

@ Discussions

¥ 3 Branches © 0 Tags

@) Oxharry and gitee-org 114 Fix: iTO generates the wrong result path  &m

BHFFE
OSCC/iEDA @&

BRE  FASZ  Gitee Al

A9 -

Pricing
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