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Increasing Open-souce EDA Tools

e Open-souce in EDA may be a tendency
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We Need Infrastructure

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

e EDA Infrastructure, EDA Tools, 3 times tape-out design by iEDA
o Level 1: Open-source EDA, RTL, PDK, supporting chip design;
e Level 2: Open-source Infrastructure supports EDA development and research
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e To fast develop high-quality EDA tool, we need a Software Development

IEDA: Infrastructure

e IEDA can be used to support developing EDA tool or algorithm

e Infrastructure:
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IPD: Physical Design Toolchain
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Floorplan (iFP) & Power Delivery Network (iPDN)

i
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Init layout
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Build PL data
(grid/topo)

Init/global
placement

Post global
placement

Check/Legalization

Detailed
placement

Filler Instace

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.
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Clock Tree Synthesis (iCTS)
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Timing Power Violation

« Latency (max delay) «  Buffering - Fanout
« Skew «  Wirelength « Capacitance
« Slew (transition)




Flow
~

PA (pin access)

RA (resource
assignment)

GR (global
routing)

TA (track
assignment)

DR (detail
routing)

VR (violation
ir)
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Flow

Divide region

Read rule
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\ 4

 Divide region _
\ 4

| Readrule
\ 4

| Checkrule
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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,

DRC
Visulization



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

+

g — —————

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 (CKM 4BWP40P140!
u0_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)
u®_rcg/mux_core_clk_div3/gt_enl_reg:Q (DFSNQD1BWP40P140LVT)
u0_rcg/mux_core_clk_div3/gt_enl (net)
u6_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)
u6_rcg/ul_lvt_ckmux2hdv4:I0 (CKMUX2D4BWP40P140
u6_rcg/ul_lvt_ckmux2hdv4:Z (CKMUX2D4BWP40P140
u0_rcg/mux_core_clk (clock net)
u6_rcg/mux_core_clk_0_buf:I (CKBD4BWP35P140)
u0_rcg/mux_core_clk_0_buf:Z (CKBD4BWP35P140)

u0_rcg/mux_core_clk (clock net)

u0_rcg/mux_core_ iv3/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)
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Deviation
Ratio
Prime Time

1.1
0.00095
1.107
1.5404
0.9035

mean
h 4\ variance
median

maximum

minimum

2300
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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
t bu?f_ers Available buffer for optimizing setup Max utilization reached.
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 L B2 e o D

- CLK_div2_hs_peri -216.759 -0.028571
op p 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

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 e B e e Fommmmm e Fommmmmm oo Fommmmmm e oo Fommmm 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

| sequential

| 2.862e-07

| 5.063e-09
| 7.337e-09

| 3.079e-08
| 7.963e-08

| 1.422e-07
| 3.732e-07

| (27.595%) |
| (72.405%) |

Fommmmmm e Fommmmm e Fommmmmmm e Fommmmmmmm - e Fommmmmmm oo +

Net Switch Power

Cell Internal Power
Cell Leakage Power
Total Power

1.240e-08 (2.406%)

3.926e-07 (76.173%)
1.104e-07 (21.422%)
== 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




Conclusion

IEDA Objective LU L L L LLLLLLLL
e EDA Infrastructure

Explore new and efficient EDA method
High quality and performance EDA tool

Open-source: (Gitee/Github)
o GitHub: https://github.com/OSCC-Project/iEDA
o Gitee: https://gitee.com/oscc-project/iEDA AN EEEEE

Open-source is not a goal but a way

Papers

e iEDA: An Open-source Intelligent Physical Implementation Toolkit and Library, ISEDA, 2023. (BPA)

e iPL-3D: A Novel Bilevel Programming Model for Die-to-Die Placement, ICCAD, 2023.

e AiMap: Learning to Improve Technology Mapping for ASICs via Delay Prediction, ICCD, 2023

e iEDA: An Open-source infrastructure of EDA (invited), ASPDAC, 2024.

e iPD: An Open-source intelligent Physical Design Tool Chain (invited), ASPDAC, 2024.

o AIEDA: An Open-source Al-native EDA Library, ISEDA, 2024

e iRT: Net Resource Allocation: A Desirable Initial Routing Step, DAC, 2024

e iCTS: Toward Controllable Hierarchical Clock Tree Synthesis with Skew-Latency-Load Tree, DAC, 2024


https://github.com/OSCC-Project/iEDA
https://gitee.com/oscc-project/iEDA
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