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PEMBANGUNAN METODOLOGI PENGEKSTRAKAN DAN
PENGANGGARAN ELEMEN PARASITIK KAPASITIF UNTUK
MEMPERBAIKI KITARAN REKABENTUK

ABSTRAK

Dalam industri cip masa kini, sasaran utama organipembangunan cip
adalah untuk membangunkan dan mamasarkan cip dafapoh masa yang singkat
bagi bertapak di pasaran. Keperluan ini menjadi as@msukar untuk dipenuhi
apabila rekabentuk dan pembikinan cip menjadi ldmimpleks disebabkan oleh
kemajuan teknologi proses. Justeru itu, objektihyedidikan ini adalah untuk
membentuk aliran kitar rekabentuk cip yang mampunpesbaiki jangka masa di
peringkat pengekstrakan elemen parasitik. Alirakalbentuk ini menggunakan
emulasi logam pengisi, dimana ianya berbeza dengl@an sekarang yang
menyertakan logam pengisi secara terus. Dengan gaatigan struktur logam
pengisi dengan kaedah emulasi di iterasi awalraeliekabentuk, penjimatan masa
dapat dicapai bagi peringkat penyertaan pengisedih rekabentuk eksperimen
menggunakan RCBD, ANOVA dan LSD Fisher telah ditadekkan untuk
menentukan lebar logam pengisi emulasi yang sdmgiimeningkatkan ketepatan
emulasi. Eksperimen dilakukan ke atas teknologsg@sat5nm dan 65nm dengan kes
ujian pelbagai saiz, dari 1000 get ke 21000 gedi beemerhatikan perbezaan pada
keluaran. Apabila dibandingkan dengan aliran rekalle umum, 92% daripada
semua net dalam rekabentuk mempamerkan perbezpasiteas terekstrak kurang
15% bagi 45nm dan 88% pula bagi 65nm. Ini adaldanddingkungan ralat 20%
yang dibenarkan untuk pengekstrak parasitik 2.5&hjiflatan masa adalah antara
41% ke 43% berbanding dengan aliran rekabentuk urbagi 15 iterasi. Bagi
penggunaan industri, aliran ini sesuai digunakankurekabentuk yang baru apabila

bilangan iterasi adalah tinggi disebabkan oleh pptigjuman rekabentuk.

Xiii



THE DEVELOPMENT OF A CAPACITIVE PARASITIC ELEMENT
EXTRACTION AND ESTIMATION METHODOLOGY TO IMPROVE
DESIGN CYCLE

ABSTRACT

In the chip industry today, the key goals of a atigvelopment organization
is to develop and market chips within a short tiraefe to gain foothold on market
share. Despite this requirement, chip design andufaaturing are increasing in
level of complexity due to advancement in procesaiology. Thus, the objective of
this research is to propose a design flow arouedatiea of parasitic extraction to
improve the design cycle timeline. The proposedgteiow utilizes the usage of
metal fill emulation as opposed to current flow @rhiperforms metal fill insertion
directly. By replacing metal fill structures witm @mulation methodology in earlier
iterations of the design flow, this is targetedhtp reduce runtime in fill insertion
stage. Design of experiments methodology utiliZz@BD, ANOVA and Fisher’s
LSD are used to select an appropriate emulated filev@dth to improve emulation
accuracy. The experiment is conducted on 45nm a&nch@rocess technologies and
test cases of different sizes, ranging from 100&g& 21000 gates to observe
differences exhibited in the outcome. When compavigd the general design flow,
around 92% of all the nets in the design show difiees of lesser than 15% in
capacitance value for 45nm and 88% for 65nm. T&is iline with the permissible
error of a 2.5D parasitic extraction engine to aehi within 20% difference in
extracted capacitance values. Runtime reductioneaett was from 41% to 43%
lesser than the general design flow for the nunob@&b iterations. In industrial usage,
this flow is appropriate for new designs where namtif iterations required due to

design optimization is high.
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CHAPTER 1

INTRODUCTION

1.1 Background

In the Very-Large-Scale Integration (VLSI) circwesign scenario today, the key
challenges faced by design engineers are shomer fiames in product roadmaps
from product definition up to manufacturing and iaeing high volume high yield
manufacturing. In addition to that, engineers todag also required to address the
issues of increasing complexity in design and dgvaent which are results of
aggressive process technology advancement driverbdbly market needs and
fabrication plants. While the time frame allocafeam product definition right up to
market penetration is greatly reduced, design esgsare required to ensure that
customer requirements are met and high qualityrahability standards maintained
if not improved further. The need for design floausd methodologies to assist in

reducing project execution timeline has becomeifsogmtly important.

Process technology scaling is a method employddundries to improve on
power efficiency, increased performance and ardaaiion in a chip. While the
benefits in power, performance and area are impkoparasitic effects have grown
to become a more dominant problem in design [1]s8les that were negligible in
older process technologies are required to be asddewhen working with new
process technologies. Some examples of such isswes increased noise
susceptibility, dominance of interconnect parasited system reliability. Newer
design flows and methodologies are introduced rfgeroved verification to address

these issues to ensure that the fabricated clegpiable of proper operation.



Another major difficulty arising from process tectogy scaling is to ensure
successful chip fabrication with high yield and ntain chip reliability over its
lifespan. Design for manufacturability (DFM) is tteminology defining additional
methodologies in the existing design flow to impraship fabrication levels as well
as providing sufficient verification for processh@ologies that are smaller and more
difficult to fabricate. While the introduction ofush methodologies provides
assurance of fabrication output, the design cyabee trequires adjustment to

accommodate for these methodologies.

In area of parasitic capacitance and resistantcaation, the turn-around time
required for large designs is long due to the ibeeanature of the processes in
physical design execution. The required times faragpitic extraction is further
increased with relation to the number of metal tayased in fabrication and
interconnect wire routing strategies used in theigte Furthermore, this is further
impacted by DFM requirements such as the insedfatummy metal fill structures
in the layout to improve design uniformity and meaoturability. The ability to
improve the turn-around time during the physicalige iterative processes is able to
contribute to shorter design time frames and finatiprove the design cycle of a

chip.

1.2 Problem Statement

A major issue that arises as process technologgrees is the change in parasitic
effects. Smaller process technology nodes allomststors of smaller channel length
and narrower interconnect wires. While interconneets can be placed closer to

each other in the layout, this also results in i@dar interconnect net being more



susceptible to negative effects such as crosstdl&.insertion of dummy metal fill
into the layout of a design is to ensure that tleeaidensity for each metal layer in
the layout achieves a value in a defined rangeta®ds by DFM requirements
according to a specific process technology nodss. piroven that with the insertion
of these dummy metal fills, parasitic effects afeeded and this leads to the
degradation of performance of the design. While stege of dummy metal fill
insertion is dependent on different implementatiansthe design flow, design
engineers do not have the luxury of flexibility aptimizing and modifying of the
design towards the end of the design cycle. Iragedcenario’s, DFM density value
requirements comes in late in the design cyclesTmodeling interconnect parasitic

capacitance as accurate as possible in the eatéisgin stage possible is crucial.

1.3 Research Objectives

There are two main objectives focused in this nesegroject :

1. To explore and examine the physical VLSI dedlgw around the area of

parasitic extraction and estimation with metalriéthodology.

2. To develop an alternative design flow utilizmgtal fill emulation.
3. To compare the runtime and accuracy performaotése developed design

flow versus the conventional design flow which usesal fill insertion.

1.4 Scope of Research
The scope of this research was focused on desngvs femployed in the area of

parasitic extraction within the structural and pbgkdesign phases in IC design. The



process technologies utilized in this research wienged to Intel Corporation’s

restricted 65nm and 45nm process technologies.

1.5 Contributions of Research

This research contributes to the improvement optigsical design flow focusing on
parasitic extraction by reducing the runtime irsthrea. This in turn helps to achieve
shorter turn-around-time and time-to-market whioh e key goals of chip design
and fabrication organization. In addition to thiis research provides information
about the digital integrated circuit design flowsrh the stage of design ideas and

planning to the layout stage.

1.6 Thesis Organization
This report consists of six chapters. Chapter lvides information about the

motivation, objectives and contributions of thisearch.

Chapter 2 introduces VLSI design and the ideasbethe VLSI design flow
which is widely adopted in industries worldwide.€Ttineory of parasitic devices and
their effects towards on-chip interconnect netscaneered next. This is followed by
a discussion of the objective of parasitic ext@tin the design flow. Subsequently,
the changes in parasitic effects and propertieagagessive process technology
scaling takes place in circuit fabrication indussrare covered. The relation between
parasitic changes due to process technology scaimg growing fabrication
challenges that lead to the requirement of destgmfanufacturability is covered.
The chemical-mechanical planarization process tegrmated circuit fabrication and

the importance of metal fill DFM to the fabricatipnocess is discussed. Finally, the



implications of metal fill insertion towards on-phinterconnect performance are

illustrated.

Chapter 3 follows up with a review of related desimethodologies used
around the area of parasitic estimation and extracround the insertion of metal

fill structures in the design layout.

In Chapter 4, the proposed design flow that targite design cycle
improvement in the area of parasitic extractiomisoduced. This is followed by an
explanation of the methodology of investigation ahe& process of developing

experimental setups which are used during thissitnyation.

In Chapter 5, analysis of the data sets obtained the experimental setups
is discussed. Analysis is performed using Analydi&/ariance and Fisher’'s Least
Significant Difference on the data collected uding Design of Experiments method
of Randomized Complete Block Design. From the asig)ythe emulated metal fill
width that obtains a good accuracy in interconmagiacitance is selected to be used
in the proposed design flow. Runtime is tested darge IP block to observe the
runtime improvements in the design cycle when caigdo the conventional metal

fill insertion method.

Finally, Chapter 6 concludes the findings fromstihesearch and provides

recommendations and suggestions in expanding tpedor future work.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction to Digital Integrated Circuit (IC) Des ign

In the 1980s, the level of integration for VLSI washieved. Integrated circuits can
fit more than hundreds of thousands of transistara single die. VLSI is defined as
the process of fabricating integrated circuits wWhaonsists of a large number of
transistors which is more than 100,000. The conadptircuit integration was
deduced back in the 1960s where the first intedrafecuits created consist of
multiple transistors and provided functionalityaoEombination of a few logic gates.
This level of integration was known as small-séategration (SSI).

Advancement in integrated circuits in the late X@&lowed medium-scale
integration (MSI), enabling more transistors topaeked into integrated circuits and
capability to perform more complex functions. Thent of increasing number of
transistors on an integrated circuit continued ihi® 1970s with the introduction of
large-scale integration (LSI). At that point, thands of transistors could be fitted on
a circuit. The term ultra-large-scale integrati€i§l) was proposed for integrated
circuits with transistor counts of more than 1,000, [3].

Figure 2.1 illustrates the number of transistbiest is packed on a single die
from 1971 until 2011. Moore’s Law which was proptd®y Gordon Moore states
that transistor count that is packed on a singée atintinues to double every two
years [4]. This achieves a pattern of exponentiaigase in the number of transistors

on a single die.
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Figure 2.1: Increase in Transistor Count on Singl®ie (1971-2011) [3]

2.1.1 The General Digital IC Design Flow

With the current level of complexity of functionsich operations in an IC, it is
difficult to design an IC using previously proposiéalvs for LSI and MSI. There

was a need for systematic and effective methodsake the task of designing

complex ICs.

The IC design flow describes a series of steps eteed the process of
designing a chip from the generation of the idegtrinto fabrication. In order to
handle the difficulties encountered during the giesig process, the general IC
design flow employs the concept of abstraction. @twecept of abstraction revolves
around iterative processes used to refine an itlaalesignated product into a device

that can be fabricated.
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Figure 2.2 : Generalized Digital IC Design Flow [4]

Figure 2.2 illustrates the design stages of a gérmhgital IC design flow, from
the development of ideas for the design until feddron of the chip. More

information of the stages is discussed in the sye® sections.

(@) Design Idea and Specification Groundwork

First, the key functions and goals of the designdsfined. At this stage, a high level
architectural overview of the IC is drafted. Thediepth level of details is developed
and documented as design specifications. Desigrifeagion closure is required to

be achieved. With fixed target specifications, tiegt step is to draft the design and
schedule plan as well as the delivery schedulefined to ensure sufficient time for

design and fabrication.



(b) Logic Design and Functional Validation

At this stage of design, the main task is to defime design in behavioral model.
Hardware descriptive languages (HDL) such as VerghHSpeed IC (VHSIC)
Hardware Descriptive Language (VHDL) and Verilog avidely used to describe
the functional operation of each block in the design order to achieve a
synthesizable design, a lower level of abstractich is the register transfer level
(RTL) is required. RTL describes the data transf@hin registers in a design.
Validation is performed on the design to ensur¢ i@ blocks within the design are
functioning as required. Validation is done in axhaustive manner to ensure
survivability of the design as all possible scemamithin the operation of the design

needs to be tested.

(c) Physical Design and Verification

The design is implemented as a collection of stahdalls, memories, embedded
blocks, registers, etc. Physical design coversethigre process of developing the
layout of the chip, from planning, physical celapéments, routings, and physical

verification to ensure that the IC will work accorgl to specifications.

(d) IC Fabrication and Testing
Once the design layout is completed and verifiedhwhigh confidence for
fabrication, the design will be sent to fabricatiplants. After fabrication, the IC

testing is performed to determine if it is fullynittioning as per specification.



Manufacturing defects are also tested for. If ti& rheets its functional and

performance requirements with minimal defectss ttleared for mass production.

2.1.2 Process Technology Scaling

In the context of VLSI design, the term processhiebogy refers to a series of
procedures employed in the process of fabricatib§N\ircuits on a silicon wafer.
Advancements in process technology along diffegarterations are the results of
improvement of ability to fabricate transistorstbe silicon die which are smaller in
terms of dimension when compared to previous géinesa Process technology
generations are identified according to the dynamaaicdom access memory (DRAM)
half-pitch sizing, which is broadly used as a tightlicator of each process
technology generation [6]. This identification i@ commonly referred to as a

process technology node.

Table 2-1 : Process Technology Nodes and Their Yeaf Introduction [4]

Year Process Technology Node
2000 130 nm
2002 90 nm
2006 65 nm
2008 45 nm
2010 32 nm
2011 22 nm

Table 2-1 above illustrates the changes in pro@edsiology node according
to the year the process technology was introduced period of 12 years from year

2000 until year 2011.

Advancements in process technology are driven by thndamental

requirements of VLSI circuit improvements in terofgerformance, area and power
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utilization. It is observed that as process tecbgplscales further into the submicron
region, gate dimensions and delay are reduced pyogimnately 30%. In addition,
scaled-down dimensions of transistors allow eveghdt transistor densities to be
placed on a die. As observed, the transistor deshibuld approximately double in
number for every technology generation. Last butleast, power utilization of a

chip is projected to reduce every technology gditera

While process technology scaling from generatgeneration is proven to
be beneficial in terms of performance, power arghathe challenges in other areas
of VLSI design are increasing. In the area of pticasffects, it is observed that
process technology scaling results in the growimgnicance of interconnect

parasitics compared to gate parasitics [7].

2.1.3 Design for Manufacturability

DFM is defined as methodologies that are introdualedg with the design flow in
order to ensure that a design is able to be suocdgsmanufactured repeatedly,
consistently, reliably, and cost effectively. Aielse DFM requirements are defined
by foundries and implemented throughout the prasesd design, manufacturing
and assembly. There are two key motivations bethiadntroduction for DFM. The
first motivation is regarding minimizing of produmt costs of a project. The second
motivation is focused on minimizing potential lossevhich are associated to
defective parts and products in manufacturing. Te®sults in a clear need in the
industry where potential issues and problems wimay affect the revenue of a
given product needs to be detected and eliminatexhdy as possible in the product

design and development cycle [8].
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In the past, both design houses and foundries wwenking as separate
entities. IC designs were developed independentabfication requirements. A
major negative outcome due to individuality of bbtidies was that high percentage
of chip designs were unable to be manufactured. eSatasigns could be
manufactured, but achieved low yield rates. To coere this longstanding issue,
both design houses and foundries came up with tR& Dnethodology. DFM

incorporates manufacturing requirements and coredides into the design flow.

While DFM is crucial in terms of quality manufadhg, cost effectiveness
and high vyield, it actually increases the complexit the design process. Design
engineers will now have to consider DFM requireraegpart from changes along
process technology generations. An example of DEiuired is the sufficiency of

metal density in a design.

2.2 On-chip Interconnect Structures and Parasitic Devies

In an IC, interconnect structures are used as aumefibr signal propagation among
devices. Continuous advancement in process tecndias resulted in smaller
device dimensions, but increased functionality aodhplexity. While the device

dimensions have shrunk due to feature size redyciderconnect dimensions are

also scaling but at a lower rate [9].

2.2.1 Interconnect Structures in an IC
In an IC, wires are also termed as on chip intaneots. The interconnect network in
an IC is formed out of multiple metal layers statka&bove each other with a

separating layer of oxide between metal layerss@&Hayers are connected to each
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other using a structure called vias. Each metarlénas an alternate orientation. For
example, odd numbered metal layers are specifiechdoizontal connections and
even numbered metal layers are specified for \@rdonnections. A net in a layout

may be routed using more than one layer of metal.

Metal 3 Layer

y/AA/4

Metal 2 Layer

é/ Metal 1 Layer

Figure 2.3 : A 3D view of interconnect structuresn an IC

Figure 2.3 depicts a sliced out portion of how rhdtgers that form
interconnect structures are laid in the IC. In deal situation, it is assumed that
signal propagation from cell to cell through anenmsbnnect structure instantly
without any effects of delay. However, in a praaitiscenario, signal propagation is
affected by the effects of parasitic devices fowmd the interconnect structures.
Effectively, an interconnect structure can be medeimilarly to a transmission line
model. Figure 2.4 illustrates the representationanfinterconnect net modeled

similarly to a transmission line [10].
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Figure 2.4 : A representation of an interconnect neas a transmission
line [10]

2.2.2 Parasitic Resistance

Resistance is defined as the property of a pasticolaterial of interest which
opposes the flow of current through that materialtihe unit of ohms. Since
resistance is an electrical property that is nt@caéd by any field or fringe effects,
resistance of a metal interconnect strap can beputed if the resistivity parameter
and dimensions of the material is known. Resistasfca metal interconnect strap

can be computed with the following equation :

= sl =)

whereR represents resistance of the metal interconneagp,gtis the resistivity of
the metal strap materidl,is the corresponding length of the metal sti#igs the

corresponding width of the metal strap, @nd the thickness of the metal strap.

In design library notation®, denotes the sheet resistance of the interconnect
material which is a function of resistance over thiekness of the material. Such

values in the design library are represented wiihaf ohms per unit thickness.
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Material resistivity is determined mainly by itseznical composition. On the
other hand, geometrical parameters of length, wadith thickness are dependent on
the fabrication capability of a certain processhtedogy. For example, minimum
width and metal thickness are defined parameteasprocess technology that states
the smallest interconnect width and metal thicknésg can be fabricated in a
particular process technology. With routing infotima available in any layout, a
layout extractor tool is able to compute the paiasesistance of interconnect nets

with high accuracy.

Width

Thicknes
Length

Interconnect Metal Str:

Figure 2.5 : Geometrical parameters of a metal inteonnect for resistance
estimation

2.2.3 Parasitic Capacitance
In the past, delay was mainly associated with tite gvel parasitics. Due to process

technology scaling, the dimension of devices hdwarsk at a higher rate compared
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to interconnect dimensions. At present, the propagalelay in an IC is largely due
to the interconnect capacitances and device anthtbieconnect resistances. While
parasitic resistance was simple to estimate, pgarasapacitance requires more
consideration and advanced methods for estimatien td field effects. Accurate
capacitance estimation requires taking into accolumging effects and also
interconnect locality with respect to other intemects which are routed close

together.

Total capacitance;, of a node is given as the summation of all capait

elements :
CT == CPP + CC + Cf‘l’ 22

whereCpp refers to total parallel plate capacitance atribde which accounts for
both interlayer and intralayer parallel plate ef$eCy,. is the capacitance from

fringing effects, and’; is the coupling capacitance effects [11].

(@) Parallel Plate Capacitance

Parallel plate capacitance describes the basia@me of a capacitive-like structure
in the chip. An interconnect metal strap runningpanallel with the silicon substrate
separated by a dielectric layer will form such caamce. Parallel plate capacitance,
Cpp, between the interconnect metal strap and thetrstbdayer can be represented

by the equation :

WL
Cpp = €0x (t_>
ox

2.3
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whereg,y is the value of the dielectric constawit,is the width of the corresponding
interconnect metal strap, is the length of the interconnect metal stram @R is

the thickness of the dielectric layer.

Interconnect

I

Coo == Dielectric
Iill o
Layer

Figure 2.6 : Parallel plate capacitance [12]

The structure of the formation of parallel platgpacitance is illustrated in
Figure 2.6. Gpis the capacitance formed when the interconnetalnaed substrate
form a parallel structure. A noticeable changendésrconnect geometry scales down
is lower values for parallel plate capacitance las ¢ffective area of the metal

interconnect forming a parallel plate structureeiduced.

(b) Fringing Capacitance

For a similar structure as in the case of a pdrplége capacitance, interconnect nets
with current passing through it emits electricdgfrom their edges. Fringing fields
are affected by the circumference and the thickné#ise interconnect line. Fringing

capacitance also contributes to higher total cagace of an interconnect structure.
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Figure 2.7 : Fringing capacitance in a parallel plée structure [11]

(© Coupling Capacitance

In an IC that contains multiple layers of metal if@erconnect building, electric field
lines exists among interconnect lines. Capacitatitat exists due to such
circumstances is known as coupling capacitance plwu capacitance is a major
contributor of crosstalk noise among interconnects.

In Figure 2.8, a structure with multiple metal leg/efor interconnects
illustrates the formation of coupling capacitangaoag interconnect pairs. The
terminology for coupled pairs of interconnects be similar metal layer is called
intralayer coupling, which is depicted by capaa®fi., andC.,. Coupling among
interconnect pairs of different layers is known iagerlayer coupling. Interlayer

coupling is depicted by capacitancg, C., andC,s.
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Figure 2.8 : A depiction of coupling capacitancesromultiple interconnect nets

2.2.4 Effects of Parasitic Devices towards Interconnect &s in an IC

(@) IR Drop Issues

IR drop is defined as drop in voltage when curftaws through any material with
resistive property [12]. In an IC, interconnect snere collections of multiple
connected metal straps connected together witlgingdelements called vias. These
metal straps exhibit resistive property, which @ases as the length of metal straps

used, becomes longer.

In accordance to Ohm’s Law, voltage at the stamtpaf a net and the end
point of the net is different. With reference tayliie 2.9, IR drop over this metal

strap when current flows from left to right,,, can be represented with :

V]_z: Vl_VZZIR 24
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1 — 2
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Figure 2.9 : Voltage difference over two points o0& metal strap in an IC

whereV; is the voltage potential at end 1 of the metahpsty, is the voltage
potential at end 2 of the metal strags the current that flows through this metal

strap, andR is the resistance of the metal strap.

In the IR drop problem, net types such as powés aee more commonly
affected. At smaller process technologies, less gpois required for transistor
switching. Lower required voltage threshold alssms$lates into lower noise margin,
which increases difficulty in differentiating noisersus signal. Thus, a stable supply
of power is required and only a small IR drop marg permitted. Insufficient
supply of power to transistors due to excessiverbb may cause the circuits not to
function as intended. This problem is more severddrge chips where power nets
are routed longer and narrower due to smaller niethe for smaller process

technologies.
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(b) Electromigration

Electromigration is a process where atoms of a eaivly material are displaced
when current flows through the material [13]. Tisisa gradual process and happens
over a period of time. In an IC, this phenomenonuce on metal straps used as
interconnect wires. Metal ions are forced to dnfthe similar direction as electron
flow if current density over the metal strap is tagh. Thus, there is a required limit

of permissible current flow through the metal ssrapan IC.

Two issues that arise from excessive electromagradre voids and hillocks.
A void will take place when more metal ions dritit@f position than the number of
metal ions drifting into position to fill the ga@ver a certain period of time, the
metal strap may break and cause an open circtiteabreaking point. Alternately,
the hillock situation occurs when too many metailsidrift into position as opposed
to the outflow of ions, causing them to pile upcattain location. If this location is
close to a neighboring net, the piling up of meiak may cause a short circuit. Both

of these occurrences will result in chip failure.

(c) RC Delay

Ideally, it is assumed that a propagated signavesrat its destination instantly.

However, in practical implementation, delay existssignal propagation from one

point to another through nets in an IC. This detathe resultant of parasitic effects
of the material used for interconnects. This proble more severe with technology
scaling, where interconnect delay is the dominamhmonent of propagation delay
compared to gate delay. Delay caused by parasssistance and capacitance

increase as wire length used for routing is in@das
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2.3 Parasitic Estimation and Extraction in Digital IC Design Flow

In various stages of the design flow, different moelblogies are employed to obtain
parasitic data. As the design process advancesughralifferent stages, more
information becomes available. Hence, parasiti@a dath higher accuracy can be

obtained in later stages.

2.3.1 Parasitic Estimation in Pre-Layout

At this stage of design, there is little or no phgkinformation available for parasitic
estimation. A commonly used delay model in thigstes the wire-load model. The
wire-load model estimates average wire lengthsaciggnce and resistance based on
block size or chip size and the number of fanoutsaoparticular net [14]. Wire

length is modeled as a function of number of fasout

Once the wire length is estimated, interconnepaciance can be computed

with the following equation :

Cret = LC 2.5

where C,,.; is the interconnect net capacitanteis the estimated length of the
interconnect net, and represents the estimated capacitance per unitthleng
coefficient from design library. At this stage,niging effects of capacitance are not

considered.

Similarly, interconnect resistance can be computsthg the following

equation :

Rper = LR 2.6
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where R,,.; IS the interconnect net resistandejs the estimated length of the
interconnect net, ankl represents the estimated resistance per unitieragfficient

from design library.

Once the capacitance and resistance values aitatd@ainterconnect delay
can be computed. Different RC tree models are abiailto model real world cases
for delay computation. The best case tree is mddeith the assumption that the
load is adjacent to the driver. The balanced tmewiges the model of a situation
where each path leading to all the loads connetiasl equal resistance and
capacitance. The worst case tree models the caaneécta way that driver and loads
are physically located far away from each otherthia case, it is assumed that each
path from driver to load is affected by total capmee and total resistance which

was pre-calculated earlier.

One downside of the wire-load model is the acquiEmarasitics estimated
as it is based on predefined values in the desiigary which does not account for
external influences and wire length estimation rigbt be accurate at this point.
However, the wire-load model is still utilized toopide designers with a rough

estimate of parasitics early in the design cycle.

2.3.2 Parasitic Estimation during Post-placement, Pre-rote Stage

After the synthesis, design planning and placembtation of devices in the

floorplan is defined although routing topology tél sinknown at this stage. At this

point, since the source and destination is knohawtire length and possible routing
can be predicted more accurately. Wire length tsmesed using distance based

algorithms such as the shortest Manhattan distahceghe shortest Manhattan
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distance algorithm, wire length is estimated by #iertest right angle routing

distance from the initial point to the endpoint.

Resistance and capacitance are calculated usuragieqs, but the process of
determining wire length needs to account for rausitrategy and congestion issues.
Algorithms are deployed to determine track congestiand select appropriate and

logical routing strategies to determine wire length

2.3.3 Layout Parasitic Extraction

At this stage, device placements are refined arsidonnect wires are routed. Actual
geometry, orientation and location of interconnaatl via polygons are known. At
this stage, parasitic resistance is able to beebed accurately. Parasitic capacitance
extraction at this stage provides higher accuracyriaging and coupling effects
between interconnect polygons is simulated. Parasiktraction at this stage may

employ different solving strategies for improved@aacy.

2.4 Metal Fill in IC Design

Metal fills are structures that are used to padsie the layout that is sparse in order
to promote layout pattern uniformity and to achiev@imal metal density for each
metal layer in the layout. Metal filling is a cratrequirement in DFM to ensure that
an IC can be fabricated successfully with high d/i@hd minimal defects. The
insertion of metal fill structures into a layout edo not affect or modify the
functionality of the chip. These structures are &sown as dummy fill as they do
not serve any operational purpose within the chige following sections relate the

need of metal fill insertion due to the fabricatjomocess.
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