SILVACO

FROM ATOMS TO SYSTEMS

Parasitic Extraction
Clever andHipexFS

Integrated Full Chip and Cell Level RCX
Combine Rule Based and Field Solver Solutions
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Introduction

AMany Solution Methodologies Exist for RCX Extraction
ANo One Methodology is Suitable for all Circuit Blocks
A Combine Solution Methods for each Cell or Block

A Common Integrated Platform to Localize User Options
A Consider Intended User Skill Set, CAD versus TCAD
A Consider Size and Topology, versus Simulation Speed
A How Much Accuracy do you Really Need ?

A User Choices are Often Technology Dependent
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Solution Methodologies

ARule Based - or - Field Solver Based

Field Solver Approach J

Physicdbased Parasitic Extractor
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Rule Based

ACapacitance i Extract Geometry from layout Polygons
AResistance i Count Conductor Length i
ACoefficient Database Converts Polygons into C and R
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Generating Parasitic Database

large capacitance
coefficient database for
rule -based extraction,
also requires a specific
field solver solution, one
time per technology

Experimental Design
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Field Solver Methods

AFi el d Solverds have sever al met hoc
the Physical Representation of the Structure

AField Solvers Extract Both Capacitance and Resistance
AFinite Difference and Finite Element Methods are:
AOptimal for Complex and Curved 3D Shapes
ABoundary Element and Random Walk Methods are:
AOpti mal for Squared Off Simple i
ASimulation Speed versus Shape Complexity Trade - off
ASilvaco uses Field Solvers from Both Category Types
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Boundary Element or Finite Element ?

Thickness and Manhattan AFinite Element Method
Shapes . :

ABoundary Element Method

poty.
si
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Combining Both Rule and Field Solver Methods

@0 * A Technology information for field solved

File Edit View Run Tools Commands Help

BINAXNOPPRAImITEY - B 3 @ & lrom sections can be defined in several ways:
B rrech et - ’ A 1/ Using TCAD tools and syntax (Left)
lithography nask=AA maskcriticalintensity=6.5 maskaperture=0.5 A 2/ US|ng a GUI |n the Layout TOOI (Be|ow)

naskdefocus=@ wavelength=0.248

Etch material=Silicon Thickness=0.5 angle=87 dry mask=AA_LITHO A 3/ A f||e prOV|ded from the PDK

\
tolerance=$accurac! 1 H
saceuracy > A Choices for TCAD or CAD Engineers
# Intrinsic gate oxide capacitance is already in Spice Model Filter. | *.str, *.log v || Default Fitter
card, so
# create a low permittivity active gate oxide layer to remove
intrinsic Cox
Deposit material=0xide Thickness=a Max | Specify target area [~ 0| | x| |
Deposit Material=Gateox Thickness=0.81 Max i Procass |,,mm,‘ I
Etch material=Gateox Thickness=0.1 max mask=*GATE reverse |
Deposit material=0xide Thickness=0 Max ' Name |Typq Layor mask ||-u:¢na[ |Th|;lmm, um |cu foss, um Islnpq |Tqur,rm|a){ Porm | ShogtRes ||;nuqm parxmvt4 Commant |
j 1 JGROUND |substrate Silican 5.0000 Perm = 11.8
# Poly Gate formation Resource usage ® | depasit Silican 1.6000 M Perm = 11.8
Deposit material=Poly Thickness=8.2 Max deposit Orxidher 0.1000 Max Ferm = 3.9
Lithography mask=poly maskcriticalintensity=e.5 maskaperture= wiaonsscnr | oty Potywicni LI L0 M St D.0EN
9.5 \ depasit Qe 0.5000 Max Perm 9
maskdefocus=e wavelength:ﬂ.ua WIRES :fﬂv(ﬁ:;:‘c':l:rg :\:‘::I’:J (:.I:l"l:nmm ;:x :: Max Metall :::tﬁeilg- 0.066
Etch material=Polysilicon Thick=0.22 angle=87 dry mask= depasit Oxide 0.5000 Max Perm = 3.8
poly LITHO \ roverse etching | Via Onide 0.5000 00 Perm = 19
tolerance=$accuracy 10 [WIRES interconnector  Metal2 Aluminum 0.4000 0.0 Max Metal2 sheatRes = 0.066
Electrodes mask=*GATE material=Polysilicon deposit Chvicher 0.5000 Max Perm = 35

# Contacts

Deposit material=0xide Thickness=0.4 Max Add | | | | | Preview | Import Export |

lithography mask=cont reverse maskcriticalintensity=e.5 D B 0 o D Bz

maskaperture=6.5 \ Memory 10 read 10 write lII | A

naskdefocus=@ wavelength=0.248 -

Line: 0 Column: 1 Ready No files generated Free space:22.6TB  DeckBuild 5.2.13R Copyright © 1984 - 2021 silvaco
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Combining Both Rule and Field Solver Methods

ATechnology information plus layout is converted into a
true 3D model of the BEOL for Field Solve

Victory Process (cell mode) - Save
Data from 2bit_full_adder_0_cum_1_vp.sir
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Ild Solver Methods
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Combining Both Rule and Field Solver Methods

ASimulating a larger overlap improves accuracy a little at
the expense of simulation speed.

Example of full 4 -bit adder below,
using boundary element method,
simulation time 26 minutes, 41
seconds using 4 CPUs
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