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module conv;

reg [31:0] m[0:8192];
reg [12:0] pc;

reg [31:0] acc;
reg[15:0] ir;

always
begin
ir = m[pc];
if(ir[15:13] == 3b" 000)
pc = m[ir[12:0]];
else if (ir[15:13] == 3' b010)
acc = -m[ir[12:0]];

Optical Proximity Correction (OPC)
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e Challenges
e Moore's Law

» Gap between academic and industrial
o Innovation more difficult
o Design rules are evolving

e Chances
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Design Module

HLS

Simulation
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Logic Synthesis

DFT
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Physical Design

Signoff

Physical Verification

Layout Synthesis

Open-source EDA Tools

Design Step
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Logic Simulation
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Debug
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LegUp
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PartitionMgr
OpenRoad
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OpenPDN
RePlace
OpenDP
TritonCTS
TritonSizer
FastRoute
TritonRoute
OpenRoad-eco
OpenSTA

OpenRCX

OpenRoad-pp

PDNSim
Klayout
OpenRoad-ant
Netgen

Some Open-source Tools

GAUT
GHDL

mixedsim

ABC

METIS
OpenRoad

DreamPlace

Gate-Sizing
CUGR
Dr.CU

OpenTimer

SPEF-Extractor

IREDGe
Magic

PandA
FreeHDL

GnuCap

EPFL-LS-Lib

KaHyPar

Parquest

Graywolf

Qrouter

FCUDA
TkGate
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LLDHL

MPPart

Capo

NTHU-Route

BoxRouter/FGR/ORiR

iIEDA

iLS
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iPL
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T
iECO
iSTA
iRCX
iPA
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A Promising Open-source Precedent

e OpenROAD: No Humans, 24 Hours
e Efabless-OpenLane: RTL2GDS Digital Flow

OpenROAD: No Humans, 24 Hours Efabless: OpenLane
DIGITAL COMPILER-LIKE RTL2GDS

Currently backed D
. s by EFABLESS &
OpenLane is a no-human in the loop @ OpenROAD Teams
- Directly attack the crises of design and innovation b i L

. . OpenROAD that works like a GNU
* Schedule barrier: RTL-t0o-GDS in 24 hours B ———

* Expertise barrier: No-human-in-loop, tapeout GDS in area and performance.
* Cost barrier: Open source (and, runs in 24 hours)

« FOCUS: Ease of use and runtime

It opens the door for software

developers to generate hardware
* Unleash system innovation and design innovation representation without the need for . e

» Enable tool customization to system, application needs details. That's at least a 1000x more OpenROAD  OpenLane FT

potential designers!

Supports SKY130, GF130, XFAB180
12nm support is under development by OpenROAD team

> s
UPenRUAU @ UCS!DQ"A@M arm Bg!?\,\ M PR oot Mohamed Kassem, Efabless UpenRUA[I @

. o
== Quaomww Arm & ! miversiry U8
e | ] I e

From “Andrew B. Kahng, The OpenROAD Project: Today and Beyond, 2022”
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Our Motivation

e Open-source EDA situation
e Only support one algorithmic approach, but no algorithm can perform best for any case.
o Challenges in reliability, extendibility, ease-of-use.

o developed and maintained by some professors and students.

e The motivation of iPD
o Attract diverse academic disciplines, and bridge the gap between industry and academia
e Support various algorithmic solutions, and provide long-term support.
o iPD is the set of EDA tools and algorithm sets
o We aim to provide an EDA tool R&D platform.
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EDA Decomposition
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e physical design -> multiple tools -> sub-tools -> steps -> algorithms

Modules Tools Sub-tools Steps Algorithms
RTL design Logic compiling Initial placement Scheme 1
Logic optimization Assign cell to region
Simulation Tech mapping Global placement Greedy
/Verification Cell respreading
Il Floorplan Post global Tetris
lacement i
- Placement P Align cell to row
synthesis Abacus: Dynamic
Formal gk Legalization Reorder cell in a row programming
orme Routing Quadrable
: - — Detail placement Spread cell in a row programming
Physical Design optimization .
design _ Refi : Linear
STA Buffering efinemen programming
| Parasitic extraction
Physica
verif>i/cation EM/IR Scheme 2
Layout DRC / ERC
synthesis LVS
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Firstly, each tool is designed as a hierarchical set
of subtools, steps, and algorithms.

Secondly, multiple algorithms are supported for

each key technol

ogy

EDA Integration

wirelength(o.f>0.3)

Global Placement

9

Global placement scheduling I

parallel
scheduling

Optimization objective
(HPWL/timing/routability/reg
ion)

Design constraint
(cell/Pin density/timing)

)

Optimization model
(QP/NLP/MONLP)

!

Wirelength < Timing

Optimization method
(CG/Nesterov/Adam/SGD)

HPWL->LSE/WA

N |

‘ Cost(y)->F(Sin(y))

(QP)

H Objective:HPWL '

(NLP)

| (MONLP)

objective:
HPWL/timing/power/

‘_ routability/region

Constraint: cell/Pin
density/timing
Design objective
manufacturability

!

Distance between celland

region

Termina}ion NLP CG/Nesterov/Adam/
(OF/vf/Times) (NLP) SGD
Z
'

| OverFlow=0.08 ' |

Maxlter I
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Physical Design (iPD)

Database (iDB) . Global Placement Analysis
el Flooplan (iFP) Engi |
Data Service ! ngine T
Al —
.
o . 2D Routing
L * Placement (iPL) Ergihe I c:> Eower
Desion ® I I‘ / Idef \ Lﬂev
TimingOptDB | 7 p-- i 5
Tech t----  TimingOpt (iTO) O¥ail Placement I Noise
L ] e
i vaef \
— - '
4 L crsicrs) Global Roi
2 ! Engine A Yield & Aai
O / CommonDB ' Idef N = ging
1
P 7’ BI—IuiI e L---»  Routing (RT) I-—> Ea;ge I ;95 E?\Zi’\rl\le
TT
ﬁ N2 vt N oFR
Libfary and Design Layout — ECO (ECO) r_' Detail Routing I ngine
~ ~ Atechfile, lib, .lef, .v) (.def, .gds) Engine “
Y S N
~
7’ ~ \
L.
Global Placement Post GP Legalization Detail Placement
Database (iDB) A et Opt Metrics Move cell into correct Optimization objective
heduli 1 region(Region/Group/Block (wirelength/timing/routabili [
scheduling Evaluate Data Slack l age) ty/DFM)
Service I I I
Optimization objective Ealtatehiey ' Re-assign local density Cell clustering
PlacementDB ) (HPWL/timing/routability) (Bin/Row) (Size/Relation/Distance)
routability
‘ ; il i t
CommonDB
Design constraint Align cell into row

[~

'l Time I

(tech, lib, .lef, .
def, .sdc, .sdf)

(cell/Pin density/timing)

I"

v

Optimization model
(QP/NLP/NLCP)

v

|
I
I._

Cell alignment l
-

(greedy/QP)

Match cell and white space

Group l I

Swap cellin a row
Region l 3

v

Swap cell among rows

* ‘

v

I
I
I
f

Optimization method EraraetEe Spread cell in a row SrclhacED
(QP/CG/Nesterov/Adam) (QP/NLP/N L(g.‘,P) I (greedy/Tetris/DP/QP/LP) P
v ¥ A e v
Aot o Optimization and chec
termination Cell moving E : .
N o F legal Il { | Insert Fill 1l
(OF/Vf/Times) (GP/greedy/heuristic) I' CeH 'W(:it;?e\/;i;i?/a gnio I s AlEr e
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EDA Tool Software Structure

e A decoupled EDA tool structure:

To reduce development costs, iPD is based on the q .
;| Functional Module

open-source EDA infrastructure “iEDA" ; ; e pacer
Data and function are separated; ,'I global placer
EDA tool is a hierarchical algorithm set, with a plug- . L b bost global placer
and_play mode; Config A ’I legalizer <>'
All tools in IPD have the same structure. Functional Module detail placer

e IiPL (placement tool in iPD) ‘ buffer inserter

Database \

IPL utilizes iEDA’' s database, operator, manager, (Wrapper) ‘ filler inserter o)
and interface to organize data and algorithms. i —— i
iPL mainly includes the iPL-database and functional 8 os e \ ~valoator
modules. ﬁ @ “‘ grid_ manager <>'
Users can configure tool fgnctions and !oarameter L/_ ‘ “I topo manager

flows through the config files, and obtain outputs by

API.
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iPD Toolchain

l RTL ) e Netlist-to-GDS Ii
Logic Synthesis [ | ] 10 tools, and other 5 tools are R&Ding.
Netlist
| | ! Design, Analysis, Verification
| Logic Optimization | Physical Design | ______
— | [edist Optimization H>_fc"i e Number of Codes
Techno ogy Map [——————
T | — | T >0.3M lines (exclude 3 party and history)
I I_ I Power Delivery Network I- - ﬁ::EIEIS:]
| PI : t Hoor =7 "1
Analysis acimen heeeaa I' Functional Module
RC Extraction | Clock Tree Synthesis }1 -» iCTS T iEDA-Interface i | Initial placer J iIEDA-
- Y S " | [clobal placer ] Operator
iSTA :4-1 Static Timing Analysis | | Timing Optimization I--H'- iTO _.i‘. iPL 'I,' T oTohal o]
_______ = T m—————— Torr ost_global placer
'__l_P_A___=<" Power Analysis T | Routing I‘""I:__I&T__:i | I g | [_API II | Teaalzor | ¢>- Analyzer
IR Drop | | ' Functional Module ___detail placer | [Evaluator ]
' yros \ L buffer inserter |
| Filler | ' atabase —— —
T ] (Wrapper) | [ Lfecinserter ] f[™ Uty ]
. _ \ \
Physical Verification i Sign-off | \ 0 DB-AP| \ I checker | iEDA-
_PBE__:" { Design Rule Check | [ SDS Tl ] I iIEDA-Database ‘\ | evaluator | Manager
- < \ ﬁ @ \ I qr|d manager I @'
| Electronic Rule Check | \ \
\ Input Output \| [_topo manager ]
I I | (v/.lef/.def/.lib/.sdc (.v/.de
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Floorplan (iFP) & Power Delivery Network (iPDN)

i
Key =
Metrics LI | L OO IO Ul L1
\ 4
. DIE Area 1.5 x 1.5 mm~2
Init layout
DIE Utili 0.166554
Plan 10 cell 1.16 x 1.15
Coerea 116
A Core Utili 0.279541
#10 Pin 110
\ 4
#Instance 297504
{ #Net 311869
) pin (>=32) =
2l 2893
M1, M2, M7,
— PDN M8. M9. AP
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Placement (iPL)

B Min Wirelength Model
mvin W(v)
s.t. pp,(v) < po, Vb € B

where v is cell location, W (v) is wirelength,
pp (V) is the area density in b € B, p, is density thredhold.

HPWL,, (v)=max

i,jEe

Build PL data
(grid/topo)

xl.—xj‘

EMEN,

+ oy
I i
oo

Init/global

placement %ﬂ W (v)
ﬁiﬁ LSE, =y ln(zexp(ﬁ)) + ln(Eexp(_—x")))
Post global s ice Y ice Y
placement i 1 1
= " D(v) = 52 Di(x,y) = 52 qpi(x,y)
. [ VEV VEV
Check/Legalization = py(V) - v. V0 y) = —p(x,y),
n-yYy) =0 (x,y)€OR

Detailed
placement

UJR p(x,y)=ij P(x,y) =0,

min  f(v) =W(®) + 2 Xypep Pp(V)

Filler Instace

* Nesterov Method or




Build PL data
(grid/topo)

Init/global
placement

Post global
placement

Check/Legalization

Detailed
placement

Filler Instace

Placement (iPL)

Key parameter co

LN

e

BT
max_buffer num

[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

iFP.def, iFP.v

iPL result.def, iPL

W_hether to ena

set max wirelength constraint

Whether to enable timing

ignore net whose pin
number > k

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 of horizontal
Bin

Set the number of vertical
Bin

Set instance spacing (/site)

Set instance spacing (/site)

Set min width of filler (/site)

Basic Summary

scripts 2

| Base Info
o
| Design
| 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

- Signal Net Count
- Clock Net Count
- Reset Net Count

\

\

\

\

\

| Nets Count | 675
\

\

\

| - other Net Count

| core Range Violated Count

| Row/Site Alignment Violated Count
| Power Alignment Violated Count

| overlap Violated Count

Design rule violation
violation detail report.txt

S,
Wirelength Info
o
Total HPWL
Max HPWL
Total STWL
Max STWL
LongNet HPWL (E

Peak BinDensity

Average Congest

Total Overflow

Maximal Overflo
I,

————————————————————— frmmm s sy
| value |
————————————————————— L et
| 14402289 |
| 328905 |
| 15057480 |
| 512025 |
xceed 1000000) Count | ©

| 1.000000 |

fo | Early WNS | Early TNS | Late WNS

ion of Edges | 0.537355

| 53.000000 |
W | 18.000000 |
————————————— oot
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..Wirelength

wl detail report.txt

...Instance density

| Late TNS

- Congestion
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Clock Tree Synthesis (iCTS)
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Clock Tree Synthesis (iICTS)

Flow

. .
. .
— Timing Power Violation
- « Latency (max delay) «  Buffering - Fanout
« Skew «  Wirelength Capacitance
161091 Slew (transition)
\ 4 2255.200
. . 9267.600
dIStrlb Inst Num | Min Skew Violation | 11683.821
232.360 e e =
.62388e-05 0145301 .00105275 Level | Inst Num | Min Slew | Max Slew Avg Slew Violation
.000406356 | 0.0278176 | 0.00972537
\4 .0042316 .0411625 | 0.0190886 .0355823 .0881141
.00690457 .0566811 .0323446 .0342527 .0938317
.0261657 .0760005 .0524973 . .0148774 .103097 0581444
CIUSter .0261657 .0799602 | 0.0623044 .00736284 | 0.102664 0516092
.0261657 .08 .0669329 .0175251 .103516 0535373

0402797
0506611
0188449
027312

.0603809 .08 .0743834 161.021 .0116574 .0884235

0799208 . .0799604 1347.840 -00706415 101609
3871.380 .015983 .0220045

.0259563 .0286678
Sekltooki .22507e-308
161.021

[SEECENCINCRNCINC IS SIS

Clock net gen

Clock net
routing

Inst Area

3 0.800r/0.800f | 1.583r/1.494F | -0.783r/-0.694f | CKBD24BWP3SP140/T

.00143337 (um~2) | i
_top/ue_sdran_axi/u_core/U300:2N | © 0.800f | 1.537r/1.446f | -0.737r/-0.646f | INVD1BWP4GP1AOLVT/ZN

0688073 o ‘ ‘

145464 XouT . 5.704r/9.550f } -0.704 0f | PDXOEDG_V_G/X0UT

CKBD12BWP35P140 Buffer

000237424 .0432362
0518461 .0983796
119261 .174637
187633 .255905
250207 .319777
324988 .400232
405067 .452041
500763 .549897
573994 .578742
608399 .608399

R
R
.219663 & 00f | 5.704r/9.550f | -0.704r/- R

CKBD16BWP35P140 Buffer 22.176 | |

294133 K 0. 00f | 0.850r/0.880F | -0.050! 80f | CKBD24BWP35P146/T

|
|
|
I
I
|
|
I
i
CKBD20BWP35P140 Buffer 40.824 0 11_clk 1 I | }
I
I
|
|
I
I
I
I

R

.365337 2hdva: 0. 67¢ | 0.189r/0.188f | 0.078r/0.078F | CKMUX2DABWPA@P14OLVT/I1
CKBD24BWP35P140 Buffer 254.016 1 1 I |

.435055 o 67f | ©0.000r/0.000F | 0.267r, | PLLTS28HPMLAINT/FOUTPOSTDIV
522962 CKBD4BWP35P140 Buffer 954.324 1 I |

0.800r/0.800f | 0.52: | cKepaBAP3SP140/T

576368 CKBD6BWP35P140 Buffer 1280.29 ' i |
| TNVD1BAPA@PL4GLVT/T

608399 CKBD8BWP35P140 Buffer 122.472 = -ax/u_c s ‘

| BUFFD8BWP3@P140LVT/I
+

Timing analysis
and opt

© 000000
© 00 ® 000




RA (resource
assignment)

GR (global
routing)

TA (track
assignment)

DR (detail
routing)

VR (violation
repair)
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Routing (iRT)

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
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o
‘E

PA (pin access)

RA (resource
assignment)

GR (global
routing)

TA (track
assignment)

DR (detail

VR (violation

ir)

ra_model_1

Routing (iRT)

800

700

600

500

- 400

- 300

- 200

-100

Layout resource/congestion

| Access Type | Pin Number

| Track Grid | 87
\ On Track \ 25
\ On Shape

| Total | 116528

gr_model_1

| | Routing Layer | Port Number

Pin Access

1.0

| Access Point Number |

Wire Length / um

9774(0.117785%)
846292(10.1985%)
1.98405¢+06(23.9
1.78748¢+06(21.5406%)
1.296426+06(15.6229%)
1.41202e+06(17.016%)
960890(11.5795%)
539.92(0.00650648%)
720(0.00867659%)
o(0%)

0(0%)
595417(30.6475%)
682833(35.147%)
400386(20.6088%)
135600(6.97965%)
89437(4.60353%)
38709(1 99244%)
262(0.0134857%)
148(0. 0070179‘)
o(e%)

[0.1,0.2)
[0.2,0.3)
[0.3,0.4)
[0.4,0.5)
[0.5,0.6)
[0.6,0.7)
[0.7,0.8)
[0.8,0. 9)
[0.9,

921387(83.1%)
57544(5.19%
51492(4.64%)
40084(3.61%)
21944(1.98%)
10780(0.972%)
4140(0.373%)
1223(0.11%)
222(0.02%)
74(0.00667%)

1108890

Wirelength and via

[0,0.1)

[0.1,0.2)
[0.2,0.3)
[0.3,0.4)
[0.4,0.5)
[0.5,0.6)
[0.6,0.7)
[0.7,0.8)
[00'9)

0.9,1]

1.78338e+06(80.4%)
108739(4.9%)
79939(3.6%)
90020(4.06%)
56112(2.53%)
36741(1.66%)
30046(1.35%)
12155(0.548%)
0771(0 9
81(0.

2217780
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41
197803
152168
(2}
Cut Spacing
Metal Corner Filling Spacing 104
Metal EOL Spacing 869415
JogToJog Spacing
Notch Spacing
Parallel Run Length Spacing
Short
MinHole

Design rule check



Flow

Divide region

Read rule

0y

\ 4

 Divide region _
\ 4

| Readrule
\ 4

| Checkrule
A 4

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

« Metal Notch Spacing

« Maetal Parallel Run Length

Spacing
« Metal Short
« MinHole
« MinStep

« Minimal Area

Top view

Width rule a

Spacing rules by,

Extension rule ¢
Intrusion rule d
Enclosure rule e

Side view

b,
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DRC
Visulization
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Static Timing Analysis (iISTA)

FLow Tcomb
0/1 D /Q D Q
. FFA - data path FF2
Read timing lib ﬁ I Cll’r‘ q —] clk
4
re FF2
bufl- -
Build timing graph Clock +— —|— - /C|0Ck path
source—{- - bEfZ
u
Calculate delay
(cell and net)
Timi th =T! .
p:'::c',gaﬂ?on TFFl + Tclk—q + Tcomb + Tsetup - TFFZ —T = Tstllctli'k =0 Setup Constralnt

Timing analysis
and rzport

Trpt + Tetkeq + Teomp — Thota — Trrz = Topay =0 Hold Constraint

slack —




Read timing lib

Build timing graph

Calculate delay
(cell and net)

Timing path
propogation

Timing analysis
and rzport

Static Timing Analysis (iISTA)

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 (CKBD12BWP46P140LVT)
ul_clk_xc_donottouch:Z (CKBD12BWP46P140LVT)
sys_clk_100m_buf (clock net)
u0_rcg/ul_lvt_ckmux2hdv4:I0 (CKMUX2D4BWP46P1460
u6_rcg/ul_lvt_ckmux2hdv4:Z (CKMUX2D4BWP40P140
u6_rcg/mux_core_clk (clock net)

g/mux_core_clk_0_buf:I (CKBD4BWP35P140)

g/mux_core _buf:Z (CKBD4BWP35P140)
u6_rcg/mux_core_clk_0 (clock net)
ud_rcg/mux_core_clk_div3/gt_enl_reg:CP (DFSNQD1BWP40P140LVT)
clock CLK_ul_clk_XC (rise edge)
clock network delay (propagated)
u6_rcg/mux_core_clk_div3/gt_enl_reg:CP (DFSNQD1BWP40P140LVT)
ud_rcg/mux_core_clk_div3/gt_enl_reg:Q (DFSNQD1BWP46P146LVT)
u0_rcg/mux_core_clk_div3/gt_enl (net)
u@_rcg/mux_core_clk_div3/U_GT1:E (CKLNQD4BWP40P140LVT)

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)
u6_rcg/ul_lvt_ckmux2hdv4:I0 (CKMUX2D4BWP40P140
u6_rcg/ul_lvt_ckmux2hdv4:Z (CKMUX2D4BWP40P140
ud_rcg/mux_core_clk (clock net)
u6_rcg/mux_core_clk_0_buf:I (CKBD4BWP35P140)
u0_rcg/mux_core_clk_0_buf:Z (CKBD4BWP35P140)
u6_rcg/mux_core_clk (clock net)
ub_rcg/mux_core_clk_div3/U_GT1:CP (CKLNQD4BWP4OP140LVT)
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)

g — —————

Elmore
b2M

ECM
MD2M
Deviation
Ratio

\“",“ f :w‘l‘ 'm
ki, ’fh \

Prime Time

WWH
‘

W “«,r U i
\ W ”v‘r »’) V
|

(

2300

2400 2500 2600

2700

2800

250

mean
variance
median
maximum

minimum
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1.1
0.00095
1.107
1.5404
0.9035
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Timing Optimization (

DRV report Fix timing design rule
Flow Key parameter config 53:5 slos <5.piec violation
CHCCra— - M capa sew v

. Before ViolationFix | slew_vio: 3 cap_vio: 11 fanout_vio: B length_vio: @ 1 /
TO setup result.def, wirelength/Max fanout
iTO_hold_reslut_def After ViolationFix | slew_vio: 3 cap_vio: @ fanout_vio: @ length_vio: @ F' h Id .

The 2th check

setup Slack After ViolationFix | slew_vio: @ cap_vio: @ fanout_vio: @ length_vio: @ .
. T setup slack value DRVnet.3
Electronlcal — g Inserted 11 buffers in 12 nets. . .
I . hold slack Resized B instances. . FIX Setup tlme
[o] slac
Evaluation = - hold slack value
margin C I I ..
P T Area ratio of inserted buffer g
_percent .
analysis Sherted 18 hold buffrs. e Buffer Insertion
max_utiliza ilizati
tion_ Core utilization Worst Hold Path Launch : u@_soc_top/u@_sdram_axi/u_core/sample_data@_q_reg 8 :CP o
Worst Hold Path Capture: u@_soc_top/u@_sdram_axi/u_core/sample_data_q_reg_8_:CP . Loa d I n Se rtl O n
DRV insert ] L
buffers Available buffer for optimizing DRV The 1-th timing check. .
— worst hold slack: -1.28225 B ff /l d I t
setu inser Unable to repair all hold violations. There are still 16 endpoints with hold violation. . u er Oa Oca IO n
P Available buffer for optimizing setu Max utilization reached.
t_buffers P 9 P
hold insert

_buffers Available buffer for optimizing hold

Opt vio path

CLK_chiplink_tx_clk
CLK_clk_hs_peri
CLK_div2_core
CLK_div2_h eri
CLK_div3_h
CLK_div4_core
CLK_div4_h
CLK_div4_peri
CLK_sdram_clk_o
CLK_spi_clk
CLK_spi_clk_out
CLK_u®_chiplink_rx_clk_pad_PAD
CLK_u®@_clk_XC
CLK_u@_pll_FOUTPOSTDIV
CLK_ul_clk_XC

number _pa
sses_allowe
d_decreasin
g_slack

The number of times that WNS is CLK_clk_hs_p -1.27825

allowed continuously decrease when CLK_div2_core 606. -6.106129
Opt setup CLK_div2_hs_peri -216.759 -0.028571

CLK_div3_hs_peri -72.5124 -0.028571
CLK_div4_core -1304.1 -0.106129

For setup, a wire network is not CLK_div4_hs_peri -185.768 -1.27825

optimized for buffer insertion when CLK_div4_perd T231.408 ~0-642802
CLK_sdram_clk_o (]

its fanout exceeds this value CLK spi_clk -

CLK_spi_clk_out (]
For setup, fanout is reduced by CLK_u@_chiplink_rx_clk_pad_PAD -89.8732 -0.028408
inserting a buffer when fanout is CLK_u®_clk_XC -2987.42 -0.106129

greater than this value CLK_u®_pl1_FOUTPOSTDIV -8546.64 -6.106129
CLK_ul_clk_XC -0.106129

Legal cell
location

rebuffer m
ax_fanout

split_load_
min_fanout

Hold report



Flow

!

Read timing lib

Build power
graph

Data mark
Calculate Toggle

Toggle and SP
Propagation

Calculate and
report power

buildGraph

readVCD
buildSeqGraph

checkPipelineLo
op

levelizeSeqGrap
h

propagateToggl
e
calcLeakagePow
er

calcinternalPow
er

calcSwitchPower

analyzeGroupPo
wer

reportPower

Power Analysis (iPA)

T pepion

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

ASIA SOUTH PACIFIC

OAC

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 0.5ImW 0.49mW 3.9%

Generate the report at 2023-05-06T09:54:06
Report : Averaged Power
R L L L e T Fo-mmmmm e L e T e L L e e T e +

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

e Hmmmmmmmmm e 4mmmmm oo Hmmmmmmmm e 4mmmmmmmmmm o Hmmmmm e +
| combinational | 1.064e-07

| 5.063e-09 | 3.079e-08 | 1.422e-07 | (27.595%) |
| sequential | 2.862e-07 | 7.337e-09 | 7.963e-08 | 3.732e-07 | (72.405%) |
e T T E e T R T T Fo-mmmmm - e +----------- +
Net Switch Power 1.240e-08 (2.406%)

Cell Internal Power - == 3.926e-07 (76.173%)

Cell Leakage Power == 1.104e-07 (21.422%)

== 5.154e-07

Total Power

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

e Average model

e Timing window (coming soon)
e VCD parser

e Report/API

DESIGN
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iIFlow: A Chip Design Flow

e iFlow: supporting different EDA tools, PDKs, designs

RTL
. S AT
1 Implementation \l | erirication :
! I
! { Synthesis/DFT EE::i)-:
1
PEEL VRN -
1 1 |
iPD % """" k Physical Design : :
---------- i Crx D
o | -
o D
1 1
Signoff — 1 |
1 Power 1
@ ! IR Drop :
1
1 1
\ ]
g /
<:| Package
PCB &Test

Chip design flow

iFlow
— build_iflow.sh

@ e=——=) |— foundry
—log

— report
F— result

_ F—rtl
— scripts

@ —_— — tools
L— work




e PDK: 28nm

Example Design: ysyx-04-01

o RTL: ysyx(—H&—it)-04

e Area: 1.5mm x 1.5 mm

e Power: dynamic = 317mW, leakage =

29 mW

e Freq.: 200MHz
e Scale: >1.5M Gates

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

PLLs, support Linux

part metrics | iPL (place) | iCTS | iTO | iRT (route) |

F#inst 1043440 1057291 1057549 1057549

F#net 1015532 1029383 1029641 1029641

utilization 0.563929 0.570644 0.570768 0.570768

HPWL 34108823398 35042653984 | 35044866877

STWL 46195026227 | 46580611921 46581568292 50157263995*

frequency 245.245 238.226 241.386 224.254 DRC
#DRC 0 0 0 233335

* Total wirelength after routing
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Example Design: from other users

e gcd & APU

I —

| !
T

[T oy

gcd, skywater 130nm
Area: 0.15mm X 0.15 mm

—a — R G s —
S AP A S S S Ot Sty iy
k i e L x i
o i e & !
i = = =
| i - =
G i BB - S
'| 4 i = | Fisrs i
i) 1 e 1 3
i v
il

S A s e b =5 il S TR g
= A e D o B S
k s é,%f‘ pls i Blea i Te RE RS S ST eSS ST SRR SRR 1
181 ) G Bk A & AR 5 i e o S 7
1 r. ik & [oen = Sl b

HEEEEE e St Y
_yd R B IL—,:,E T AL .—u ,,‘,‘.:.“,,J,,L_‘ ":'Ljr'F ———.{.u——\ t i

= oo

R R SLURRRRYCREEEC L oy

APU, skywater 130nm
Area: 0.45mm X 0.45 mm
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Conclusions

¢ iPD desigh mode:

Decomposition and integration
Unified software structure

e iPD toolchain: from netlist to GDS EDA tool, include
Floorplan and power deliver network
Macro placement and standard cell placement
Clock tree synthesis
Routing and design rule check
Timing analysis and optimization
Power analysis
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Future Works

e Upcoming EDA tools:
o Technology mapping (iMAP)
e Parasitic extraction (IRCX)
o IR drop analysis (ilR)
e Al model:
o Metric prediction
o Design space exploration

e Development tool:
o Process data visualization



<> Code

OSCC-Project / iEDA

Q Type(7) to search

@ lssues I Pullrequests G Discussions () Actions [ Projects [ Wiki @ Security |~ Insights

iEDA  Public

# master ¥ 2Branches © 0Tags

@) Oxharry and gitee-org update readme @3
gitee

cmake

docs

scripts

src
clang-format
clang-tidy
gitignore
CMakeLists.txt
LICENSE
README-CN.md

README.md

D 0D 0D DD DO OO

build.sh

5P Edit Pins ~

Q Go tofile t Add file ~ <> Code

a7df35f - last month

init repo of OSCC/iEDA

feature:support python power in interface

Merge branch ‘master’ of gitee.com:oscc-project/iEDA into ...

complete filter json data layer information

complete filter json data layer information

11 update230508

11 update230508

refactor:add power sort

delete contest project

fix typo from LICENSE

update readme

update readme

update build.sh and dockerfiles

3 Settings

©Watch 2~

O 958 Commits

8 months ago
4 months ago
5 months ago
2 months ago
2 months ago
8 months ago
8 months ago
4 months ago
4 months ago
4 months ago

last month

last month

7 months ago

> 1 [+-][o]ne @

% Fork 9 v Starred 147~

About @
No description, website, or topics provided.

Readme
View license
Activity

147 stars

2 watching

9 forks

€ 0% <+ B

Report repository

Releases

No releases published

Create a new release
Packages
No packages published

Publish your first package

Contributors 18

131
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Thanks

Bei Yu
byu@cse.cuhk.edu.hk



