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Abstract- Nanofabrication is the core task performel and constantly further developed by today’s anddture
semiconductor industry. Optimization of throughput and minimizing process cost and complexity thus
increasing fabrication reliability constitute the main challenges within this development. As integraid
circuits continue to go smaller, laying down circui patterns on semiconductor material becomes more
expensive and new techniques are required. CMOS plermance has always been strictly depending on the
capabilities of lithography in terms of minimum feadure size and overlay. Lithography has the strongés
influence on production costs of integrated circug. In this paper, some of the recent advances in litlgzaphy
are summarized with special reference to the micrdectronics and nano electronics industry. Stringent
demands will be made on reliability, contaminationcontrol, particle detection, and yield enhancement
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I. Introduction

The purpose of this paper is to provide an overwé the motivation for the generation of lithoghgp important
developments, issues and challenges associated lithittgraphy. According to Moore’s law of doubling
functionality on a chip every two year [1] as tleatlure size on an integrated circuit decreasesgcéing the chips
becomes increasingly difficult due to high cost aondhplexity of fabrication process. The fabricatmfrultra large
scale integrated (ULSI) devices requires the dgraknt of new technologies for deep submicron psEsesAs the
semiconductor industry and IC industry developinickly, there are large demands to search a methaidcan
provide production with high accuracy and precisaomd good quality with low-cost and high-throughgund
reliability under a fault-free environment. Amortetn, Micro- or Nanostructure fabrication or higkegision nano
scale lithography process is the key technologyhto manufacturing of photonic components, microd aano
fluidic chips, chip-based sensors and most biokgpplications [2].

Some important issues like cost, complexity, rédliigband in addition to these, other fundamenialits must be
addressed when scaling to such small dimensions. ntimber of electrons in the active region of tlewick
decreases as the physical channel size decrdasesyraphically defined dimensions will continue shrink as
device scaling enables higher speeds and greatsitylef transistors. Lithography equipment, repisicesses, and
mask-making will change to meet the challengese Gaides have to become thinner requiring changesoth
growth and metrology equipment. As gate oxides imecthinner, voltages must drop bringing about neatenmel
requirements. Lithography will call for highly planzed surfaces, causing higher demands on chdynical
mechanically polished surfaces.

The important issues in lithography process ardgarnimation control, particle detection and yieldhamcement.
These changing technologies will present new riiabchallenges. This paper discusses all thesads and
challenges.

Lithography and the processes associated witle ittee backbone of the nanotechnology revolutione &
developments are occurring simultaneously: a dtivereduce minimum feature size leading to advarioes
microelectronics, the use of lithographically patesl structures to prepare devices for photonicgsethnology and
other forms of nanotechnology and finally the drieecreate three-dimensional (3D) structures fer ¢reation of
new materials and devices. Thus the controlled &ion of nanometer scale structures in two ancetdisensions
are of increasing interest in many applications.
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The first integrated circuits were manufacturediiout 1960 (year 1 of Moore’s law) and were paéédrasing
optical lithography. Almost immediately, electroeam lithography was pursued as a high-resolutitanreltive and
has been ever since, but optical lithography i tte preferred technique. However, after 40 yeafroptical
lithography for the manufacture of integrated diisuwve may finally have reached the point wheeedbst of further
pushing optical technology is no longer economycattractive. So now many lithographic techniquesansidered
as candidates. These techniques range from vafwuss of charged-particle lithography to variousnfs of
uncharged-particle lithography and even to simptalized mechanical contact (nano imprinting). #ynbe that a
combination of techniques is chosen in some apfics or that three-dimensional integration wilekeMoore’s law
valid without further shrinking of devicg8].

In this review, recent advances in high resolutitmography with special reference to the microglatics
industry are covered, concentrating on currantt”himpics, including 193nm immersion lithographgxtreme
ultraviolet (EUV) lithography,E-beam direct write systemshree-dimensional (3D) two photon lithography and
nanofabrication using block copolymers. Currentasmbes in soft lithography are not reviewed dueht recent
publication of several reviews in this area [4]. [However, step-and-flash imprint lithography ieluded as this
technique is the method of “unconventional” litiaphy with prospects of adoption by the industry

The rest of the paper is organized as follows.i@edt, presents the basic lithographic process\aribus types
of recent lithographic techniques having numerqudieations in the field of microelectronics andhoelectronics.
progress and challenges in high resolution lithplgi@techniques. Finally, concluding remarks aferefd in Section
.

Il. Overview of Lithography Process

Photolithography is a key operation in productiémicroelectronic as well as nanoelectronic devidése word
"lithography" refers here to a micro fabricationchieique used to make integrated circuits and micro
electromechanical systems (MEMS) and nano electthamécal systems (NEMS). Lithography is a highly
specialized process used to transfer the patteons fask to layer. Before the resist is appliethto substrate, the
surface is cleaned to remove any traces of conttimimfrom the surface of the wafer such as dughnic, ionic and
metallic compounds and a thin layer of Silicon dlilexis formed by a wet or dry oxidation processe Theaned
wafer is subject to priming, to aid the adhesiotthefresist to the surface of the substrate ma{éria). Lithography
is a very important aspect of integrated circuinofacturing which is very helpful in order to det#ne the device
dimensions, which have a direct coincidence witvictequality as well as cost and at last reliap#itso.

The important parts of a basic lithographic proca®sphoto resist coating, exposure, developmetpattern
transfer. Photoresist is basically a light sensitivaterial used to form thin film and they may bsifive and negative
on the behalf of that either is more acidic or esslic.

A. Optical Lithography:

Optical lithography is the technique for printintra-small patterns on to silicon wafers to make tdomplex
circuits. It is a very important aspect of claskiggtical design as well as fabrication technololgyis a powerful
method for patterning large areas with high thrqughResolution is a key parameter for opticaldgraphy which
can be easily determined by wavelength of the ingatight and numerical aperture of the projectiemnsl. Resolution
can be improved by decreasing depth of focus (D@Eg¢ording the Rayleigh criterion, the DOF for shiahtures
should decrease as the feature size squared. Oviegcadhe DOF limits is even more challenging. Ogitic
lithography is unsurpassed in the cost per pixeé(square unit of minimum resolution) when printmgro-sized
and submicron features on silicon wafers. A littapdnic process capable of manufacturing state oéthehips faces
many difficult challenges. Not only must the pracessolve the minimum feature size but overlayrerrust be
held to tight tolerances, exquisitely complex patemust be printed with high yield, and the oJetakt of the
process must be acceptable. Achieving acceptaljpeccst using an expensive exposure tool is styoligked to
high throughput and sensitivity as well [8].

193nm lithography has a large number of quantainvig|ach pixel and stastical fluctuations are exgubdd be
small. Many 193 nm quanta are used to form the @nsag shot noise effects are relatively low. Ttghtihroughput
levels are a key aspect to the overall cost effeniss of 193 nm technology. Optical lithographylatwviolet (UV)
wavelengths is the standard process for patte®agm state-of-the-art devices in the semiconduotdustry. With
such high resolution, the inherent high throughgdudptical lithography will enable the developmenht broad range
of applications beyond semiconductor electronitee dommon thread is the use of short waveleng@8nin or 157
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nm, coupled with immersion to further reduce tHeaive wavelength. As UV optical lithography hasvdloped to
enable sub-100-nm resolution, it has various agfitins in areas of nanotechnology beyond microeleicts
applications such as nano photonics, MEMS, NEM$ohlogy or molecular scale directed self-asserttimy
transition to 193 nm projection lithography hastded mass production of microelectronic circuitshwsub-100-
nmcritical dimensions. [9]

Recently , the fabrication of SET (Single electi@nsistor) based on top down approach, was ddng ogtical
lithography by Yongshun et al.[10].It was concludkdt optical lithography approach is attractivenpared to the
commonly used electron beam lithography for thei¢ation of SET’s because it offers the possibitifyintegrating
Si single-electron electronics with CMOS technology

The potential advantages of immersion lithographyehbeen known for more than 10 years, [11] , 193nm
immersion lithography has taken over as the fromteu technology for the 45nm node on the Internatio
Technology Roadmap for Semiconductors (ITRS), didply 157nm technology. The key benefit is the ipdiyg of
constructing projection optics with numerical apegs (NAs)>1 by introducing an immersion fluid watrefractive
index>1.

As promising as immersion lithography is, there segeral key problems which must be addressed édffier
technology gains widespread acceptance, most ofhwiélate to the use of an immersion fluid. Issuetude
formation of micro- or nano-size bubbles which wrathe incoming radiation and affect the imagirrgcpss,
contamination of the immersion media by the reslathage to optical components from contaminatedeirsion
media, as well as fluid heating changing the réfradndex of the media during exposure [12, [13he possible
solution to these issues is the use of top bardatings [14].

B. EUV Lithography:

EUV lithography, in contrast to the classical traission based optical i-line or DUV lithography,risining in
reflection EUV offers the prospect of operatingsggnificantly higher k and as consequence, muclplgindesign
rules and potentially simpler OPC.laser producegmpl (LPP) and discharged produced plasma (DPRyanmmain
approaches used for EUV sources.EUV uses botltctielemasks and mirrors for focusing and has stiburpass
193-nm-based lithography in terms of overall perfance.

NA has increased from about 0.3 to 1.35 today Wwitprovements in lens design and the use of immersio
lithography. Simultaneously, the illumination wasefith has been reduced from 436 nm about 20 ygartoal 93
nm for state-of —the-art scanners today explaingditbakumar et al. [15] in 2011.the 22 nm technglogde,
targeted for HVM in 2011, represents the last mstaof using standard 1.35 NA immersion lithograiaged
patterning for the critical layers with a k hoveyimight around the 0.3 value that is considereceptable for
manufacturability. According to sivakumar, the fiidevelopment-quality EUV scanners are targeteshtp to end
users in 2011, while the HVM versions with highgeted run rates and low targeted COO are slatedéfiivery
beginning in mid-2012.

Recently, Wang et al. [16] present Bragg gratingSOl strip waveguides fabricated by a single D(Déep
ultra-violet) lithography step. Two structures welesigned, one with sidewall- corrugations (namedtaucture A),
and the other with an additional sidewall-corrudat@veguide parallel to the core waveguide (nansestracture B).
The fabrication of SOI Bragg gratings based on Dlittiography was reported in [17]

C. Electron Beam Lithography:

Increasing cost and difficulty of masks make theskndased optical lithography, such as ArF immersion
lithography and extreme UV lithography (EUVL), uftaflable when going beyond the 32 nm half pitch H&de
[18]. Basically EBL lithography plays a complementaole for the optical lithography. E-beam lithaghy offers
high resolution as compared to optical lithograping to smaller wavelength of the order of 10-50 led&ttrons.
Because of its very short wavelength and reasomat@egy density characteristics, e-beam lithogrdg@sythe ability
to fabricate patterns having nm feature sizes.Bh,E finely focused electron beam is scanned tiversubstrate
coated with a special electron beam sensitive mahtealled the resist (may be PMMA). Here electrans emitted
from the electron gun of a scanning electron mimwpe (SEM). Electron beam direct writing (EBDWHhlso called
as maskless lithography (ML2).The primary advantfgeBL is one of the ways to beat the diffractiomit of light
and having versatile pattern formation, all sucérahbteristics make it important for the nm regimes.
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EBL is an attractive technique for fabricating nstnactures. It is suitable for nanometer scale ifakion.
Recently, a large scale nanorod are fabricatingiioyploying conventional EBL. a fast and highly sbidaroom
temperature nanomanufacturing process for fabnigatietallic nanorods from nanoparticles for appilices such as
interconnects and sensors was presented by Cihaln [#B]. Metallic nanoparticles were preciselgembled in to
prefabricated vias by applying a controlled dynaeiectric field between the electrodes at the botd the vias and
a center electrode placed far away from the viag. Wihole of process was environment friendly andlm used to
make nanorods using different types of metallidipias.the fabricated nanorods can be used fobwarnanoscale
applications including electronic [20], photoniodabiomedical devices [21].another applicationstiier produced 3-
D nanorods array include CMOS Interconnects [28] glasmonic-material-based sensors [23].

Recently in 2011, Gonzalez et al. [24] suggesteduse of EBL for localized micro beam irradiatiobscalized
irradiation of a unique device or a given sub-dircan be conducted automatically with electronnbdithography. It
is the first time that an automated procedure usirggtechnique is use to allow performing localizeadiations of
bipolar transistors. The EBL capability of the SEMed in this work enables localized irradiatiomahicro circuit in
order to compare and analyze the behaviors obtéametifferent irradiation locations.

Maskless lithography provides an ultimate resofutvithout jeopardy from masks, but the extremely
productivity of the traditional single beam systemade it very laborious for mass manufacturingrafteer three
decades of development. The main limitations arthafughput i.e the very long time it takes to es@@n entire
silicon wafer. Since it is vacuum based technola@gd bright sources do not exist, hence it resaltgery limited
throughput. [25-28]

Several groups [29][30][31][32] have proposed diéfe multiple electron beam maskless lithography
(MEBMLZ2) approaches, by multiplying either Gaussimams, variable shapes beams or by using ceéigtiofs, to
increase to increase the throughput. Recently il 20ack et al. [33] suggested the MAPPER writipgraach, the
circuit layout in GDSII or OASIS format at sub-nrddaessing grid, whose file size can be up to hutwld Giga-
Bytes after EPC, has to be pre-rasterized to m&j writing format of 3.5-nm grid.

As it is a slow process, not used in high produmtiout utilized for low level production of semiahrctor
components and also used for research and devehibprosed for photomask production, microelectronics
manufacturing, used for manufacturing integratecuds.

D. X-Ray Lithography:

X-ray lithography is the alternative process otelen beam lithography, allowing to get sub micrtenesizes of
elements of charts with considerably less expesggrspective x-ray radiator in technology of MEN&S forming
of 3D- elements is synchrotron [34, 35, 36]. X-Ri#tyography has a choice of a large range of wangites, from
about 0.4 to 100 nm. Synchrotron radiation, X-Rayhie most promising light source for transcribguper-fine
patterns of less than Ou@n. This capability is required for 64 Mb DRAM’s gisi. It is not possible for conventional
photolithography using ultra-violet to achieve tet guch a high resolution due to spatial limitatidrecause of
optical diffractions by the mask.IBM is a world tea in the area of X-Ray lithography, where the asxpe
wavelength is reduced to roughly 1 nm, and a twodhed-fold reduction from deep UV X-Ray lithograpisy
expensive to perform because of the expense oatipgra synchrotron [26, 27, 28, 37]

E. Dip Pen Lithography:

DPN is a direct write method based on AFM (AtonoccE microscope), is also a type of soft lithogsaphis a
type of scanning probe lithography that uses an Aiphf a high resolution to write on a surface.NDB named so,
after the old-fashioned dip pen (also called adl gu&n) that was used in schools in 19th centunyDip Pen
Nanolithography (DPN), arbitrary nanoscale chempzdterns can be created by the diffusion of chalsiftom the
tip of an atomic force microscope (AFM) probe tsuaface. Dip-pen lithography is one of the well wmonano-
fabrication tools. It has been demonstrated teepatioft and hard materials on various substraresxample metals,
semiconductors, and insulators [38- 40]. Here aMAip is used as a pen to transport ink materiate @ substrate,
which makes it possible to fabricate small featdresn sub 100 nm to over a micrometer in size. AfiMbased
small feature fabrication is the strength of theNDieéchnique in comparison with other fabricationl$p such as:
micro array, micro stamping, and photolithography.

DPN has many unique characteristics that diffeagatit from other scanning probe lithographic psses. DPN
is a single step process which does not requiraisieeof resist. Another important feature of DPNtgsability to
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achieve precise alignment of multiple patterns. Garad with nano grafting [41], DPN does not reqaifgreexisting
monolayer and can be used when the deposited calemitst remain unconfined on the surface, such dsfusion

studies [42-44]. DPN is a single step process whimbs not require the use of resist. Another ingmrieature of
DPN is its ability to achieve precise alignmentufltiple patterns.

Recently, a way of mass production of nano featusasg parallel tip-arrays has been developed48%,.Multi-
ink DPN has been studied to understand a pattemiechanism and to improve resolution of multi-irdétprning
[47-49]. Multi-ink DPN methodology can be used iighly integrated protein patterning, and can previtie
template for the protein sensing and cell bindituglies [50]. The technique has been used to pattéhand silane
modified chemicals, metals, sol-gel precursors,doative polymers, magnetic nanostructures, andogicél
macromolecules such as DNA and protein.

F. Two-Photon 3D Lithography

Conventional optical lithography is often usedrfacrofabrication. However, single-photon absorp@snused in
standard photolithographic techniques is limitedbéoa 2D process. The 3D structures required faeromplex
devices are currently built up by consecutive ffaphic steps. Technological advances in areas asichicro- and
nano-electromechanical systems [51] (MEMS, NEMSgronfluidic devices [52] photonic crystals, [53P3ptical
data storage [54-55] require the development ¢ ID structuring capabilities at the nanometetescawo-photon
lithography is an intrinsic 3D lithography which shéhe highest potential for constructing arbitysashaped 3D
devices in a one-step process. By tightly focusifigmto second near-IR laser beam into the resbsefjuent photo-
induced reactions such as polymerization occur imtize vicinity of the focal point, allowing thelfrication of a 3D
structure by directly writing 3D patterns by foamssample scanning. Two-photon lithography not ailgws the
fabrication of structures that are difficult to ass by conventional single-photon processes, batadhieves greater
spatial resolution than other 3D micro fabricatiechniques by far. [56-57]

The most commonly applied two-photon techniquénis photon polymerization. This is analogous to a
negative tone lithographic process in that, ligsti@rting materials are converted into solid stmegwpon exposure.
The desired 3D structure is fabricated via two-phaibsorption and subsequent photo polymerizatadlowed by
removal of the unreacted liquid resin. Photoinitiat and photo sensitizers are generally used taowvepthe
efficiency of the polymerization. With this methodirious micro-devices [58-59] and photonic crys{éD-62] have
been readily produced with near diffraction- li3iD spatial resolutions. More recently, a chemicaltyplified
positive-tone two-photon system using a two-phgtbato acid generator which enabled the fabricatiopuried 3D
structures has been reported. [63-64]

The ability to selectively remove material in egpd regions allows for efficient creation of sntallow
features within a larger solid body. Such positimee material systems provide unique abilitiesdtigrning complex
3D structures, such as waveguides, photonic lattiaed microfluidic structures. Although two-photidhography
provides a unique ability to fabricate a very bratbs of 3D micro- and nano-objects, one limifiacfor is the low
throughput due to the sequential nature of the lesanning process. A possible solution is to ysenhic diffractive
optics to generate and scan a distribution of ieddpnt focal points, [65] thereby resulting in aaflel rather than a
serial process. Due to its versatile nature, garerally believed that two-photon lithography cbbécome a useful
and powerful technique in future micro- and nanobetogy.

G. Nanoimprint Lithography:

NIL is one of the most promising nanolithographghtieiques which have demonstrated sub-10 nm resolatid
high throughput at low cost [66-69].nanoimprintisgoerspective for use in different scientific diiens in biology,
chemistry and materialogy.it is a cheap, providiigh yield and high performance technology. Dutting last years
imprint tools have been steadily developed and awgul, such as the MIl's “Imprio” series, and no \8ktopper
could be identified so far. The imprint lithograpihgs now been included on the ITRS lithography muega at the 32
and 22 nm nodes. Step-and-flash imprint lithograighey unique method for printing sub-100 nm geoiee{i62-63].
Relative to other imprinting processes, S-FIL Hes advantage that the template is transparenghidacilitating
conventional overlay techniques. S-FIL might prevelib-100 nm feature resolution fairly inexpensivampared
to optical lithography. Nanoimprint lithography (Nlis a new technology that circumvents the lowotlghput
limitation of EBL. It is also a best method for fadating nanometer scale patterns. This technicges &an electron
beam fabricated hard material stamp (or mold) &gt and deform a polymers or resist. Here thetresisted
substrate is stamped and finally an RIE etchingeisormed to remove the reS|st reS|due in the staimgrea. It is
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basically a 3D-patterning process it have so mapglieations in fabrication of novel nanodevices amaho

materials. It plays an active and vital role in fleédd of microelectronics, nanoelectronics, usedabricate devices
for electrical, optical, photonic and biological pdipations, used to fabricate nanoscale photo t@tecsilicon

guantum dot transistor, quantum wire, ring traossstand biosensors. Successes of nanotechnologybistantial

appearance depend on development of methods ofithagoaphy

Paolo Lugli et al. [70] discusses various versid NIL such as UV-NIL, room-temperature NIL (RTL)
combined thermal and UV-nanoimprintlithography (TABM.), Molecular-Beam Epitaxy MBE-RTNIL. Some other
version suggested by Nevludov et al. [71] are U¥intulithography (P-NIL - photocuring NIL), Hot erabsing T-
NIL-Thermal nanoimprinting, Reversal imprinting, INecontact printingu-contact printing (CP), Nanotransfer
printing. The highest re&dion patterning demonstrations of sub-20 nm wegegormed using step and flash nano
imprint lithography (SFIL) by Willson [72]. UV-Nanmprint replication process finds various applioati such as
micro-lens arrays, optical elements and nanoimfitgraphy.

However, since imprint technology does not reduogedsions the quartz template fabrication for thanamer
printing appears presently to be the most crifpzat. The imprinting process exactly replicatestdraplate feature
onto the wafer. Parameters like resolution, uniforninearity, placement accuracy and defectiwtg to a first order
determined by the quartz template. Accordinglygpess and acceptance as well as possible apptisatfcthe nano
imprint technology depend on the performance arallahility of related templates. At present, thalimation of
defect free quartz templates with a complex patéfieature sizes down to 32 nm and below appdwatenging. By
employing Gaussian beam pattern generators, thetéa resolution can easily be realized. The tHrpug however,
is not yet acceptable. In addition, present tooffes from placement inaccuracy. In contrast, d@gashaped e-beam
(VSB) writers, primarily used as photo mask pattgenerators, provide the required placement acguaacl
throughput, but most of them cannot meet the utémesolution target.

240 nm patterning using photo-curable resin foctebmic devices was suggested by Sakai et al. R8Jer-type
Nanoimprint Lithography (RNIL) was proposed by €Rou et al [74].Thompson et al. [75] suggestedctitecal
dimension uniformity and process latitude for 32 imprint masks. Ishizuka et al. [76] utilized suB83nm nano
imprint patterning for the fabrication of uniforntagings on composite semiconductors. Hirai et &f] [discusses
High-aspect-ratio nano imprint patterning over 2€hvB0 nm. Submicron-level three dimensional sties using
nanoimprint lithography were given by Kehagiaslef/s].

Recently, Kreindl et al. [79] discovered a higitaacy, high precision and cost effective masgeprocess
for wafer level camera image sensor applicatiomsgustep-and-repeat nanoimprint lithography. A rhetaster pin
was replicated in to a soft stamp, which was usedhie fabrication of large area masters in a step—repeat UV-
nanoimprinting process.

H. Nanofabrication with Block Copolymers

Block copolymer nanofabrication can provide largesaperiodic functional structures or objects wihture
sizes of the order of tens of nanometers. Howeirermany applications, such as multifunctional oipch
bioseparations, simple periodic structure is irisigiit and spatial control of the micro domaineégessary.

Besides photolithographically patterned substrai#feer lithographic methods have also been usédrio
patterned substrates for the purpose of achieyiatiad control over block copolymer nanostructures.

Although E-beam lithography can give excellenttigpaontrol of functional micro domains, this dite
write patterning process is not time-efficient farge-area integration of functional devices. la tase of the soft
lithographic approach, long processing time isssué and the spatial control of nanostructuredbas limited by
the physical contact nature of the process. Tectesidor rapid patterning of functional nanostruesuare thus
needed for real-time applications.

Ober and coworkers have successfully developed ogelnblock copolymer system, poly (a-
methylstyreneblock- 4 hydroxystyrene) system, [8D® achieve spatial control through high-resantdeep UV
lithographic processes. Through the incorporatiomgh-resolution PHS photo resist and thermo déagjoée poly (a-
methyl styrene) in the block architecture, largeaanniform nanometer sized pores in submicron-gizg¢igrns were
generated through simple fabrication processesitiaddlly, this block copolymer was automaticalljgaed with
vertical orientations during spin coating over a@eviange of film thicknesses (40nm-1mm), therelwyding tedious
alignment procedures. Nealey and coworkers recengported that ternary blends (consisting of PS-b-
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PMMA/PS/PMMA) capable of self-assembling on cheifycpatterned substrates to form periodic arrayy.[8
Although self-assembling building blocks for miciesronics have yet to be fully accepted by theustdy, further
research in this field will doubtless help stimaldevelopment of the next generation of devices.

lll. Issues & Challenges:

Lithography is a key technology in semiconductomafacturing. It determines the device dimensionscivh
affect not only the device quality but also itsgwot amount and manufacturing cost. Miniaturizai®a basic key
concept in modern ULSI fabrication technology. Marfycomponents used in modern products are gestinaller
and smaller. with advancement in technology ,irgtgt circuit came in to existence with their gatiens as SSI(
small scale integration),MSI(Medium scale integma}j LSI(Large scale integration), and VLSI( Vearde scale
integration), and fifth one generation that is ULS8lItra large scale integration). Today the centr@mes of
electronics are reliability, low power dissipatiertremely low weight and volume, and low cost, dedpwith an
ability to cope easily with a high degree of sopibigion and complexity. Reliability is nothing st’just the
probability of a system (here integrated circuitl @ther electronic components) for a long periotiroé without any
fault and errors.

As the feature size on an integrated circuit desmeaccording to Moore’s law of doubling functidtyabn a chip
every two years, fabricating the chips becomesemingly difficult, also the cost and functionalitiythe fabrication
process increases greatly All such parameterstated to reliability of integrated circuits.

If we talk about reliability then cleaning is thaeoof the most important aspect of integrated tifaibrication
technology. Any type of dust particles and contants may damage the whole system reliability. Réiig is
nothing it’s just the probability of a system (héwgegrated circuit and other electronic componefaisa long period
of time without any fault and errors. All reliabjliissues concerned with integrated circuit fakiricaare directly and
indirectly related to the clean room technologyisosnment. Basically, clean room is a work area whire air
quality, temperature and humidity are highly retedain order to protect sensitive equipment fromtaminations,
native oxide growth, dust particles and other esldtarmful factors. Or we can say that clean rodmare/there is a
perfect cleanliness, which the stringent requirerf@nULSI fabrication, especially in case of ligraphy.

Clean room may be conventional clean room and lanflaw type. The air in clean room is repeatedtgred to
remove dust particles and other impurities, hidttiehcy particulate air (HEPA'S) filters are uskmt this purpose.
HEPA filters are a special type of filter that idlimed to trap a large quantity of small partictbsit are invisible by
naked eye. As far as concerning with photolithobyapere our main concern over the various cleaisisiges such as
photolithography mask, phothoresist used, etchsed uand silicon wafer itself.

Main sources of defects are airborne contaminatsomall dust particles (invisible by naked eye),réased
amount of molecular organic materials like amined esists and resist cleaning materials. Theseadledl as AMC
(airborne molecular contamination). The detectibthese contaminants and their effect on yield iess challenge
to the industry.if we talk about nanotechnologyhaligh fine nanowires and nanoislands can be forbyedelf-
assembly, a significant number of the structuresié&al by any thermodynamically controlled fabricatgrocess will
be defective. The effects of defects can be mirédhizy basing much of the circuit on simple and desressbar-
array architecture which can be made tolerant tdaie. [83, 84]. The defect —tolerant architecteaia be used even
with conventional devices to reduce the need feammkr environments as device features become smaltel the
principle has been demonstrated using conventiagidtprogrammable gate array [83]

The evolution of integrated circuits is driven byettrend of increasing operating frequency and tgrea
functionality on a single chip. This is achievedotigh down scaling of the feature size of the devjion the chip.
Downscaling increases process variation and leagagent, and makes the devices less reliable.

The fundamental limitation in optical photolithoghgy is the trade-off between speed and resolu&n §6].
nonradiation patterning have their own challendes. example, mechanical patterning such as nanasmpr
nanoprint is a form of contact lithography, faciisgues of defect density, mask cost, mask damamgk wafer
throughput. The throughput is a important issuel@ttron beam lithography, the depth of focus isramn issue in
optical lithography, and investment cost is theangjsue in X-ray lithography.

Lithography defined dimensions will continue to iskras device scaling enables higher speeds arategre
density of transistors. Lithography equipment,siegrocesses, and mask-making will change to rheethallenges.
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As far as concerning with photolithography, the aripnt issues are contamination control, partiefection, quality
& cost, resolution, accuracy, reliability, criticdimension control, and yield enhancement.

IV. Conclusions

Lithography is fundamental to advancing any tecbggl For many applications, most notably electronic
circuitry, smaller is better in terms of speed, powonsumption, and cost. Many future lithogragkichnologies
have been investigated. We still need to relaxég@irements on critical dimension control and ayeaccuracy in
order to continue the miniaturization process. Whihe critical dimension in the microelectronic ustty is
continually going down Stringent demands shouldrtzgle on contamination control, particle detectiod gield
enhancement. Now it's time that we have to focugatds power consumption also, power should als@aken in to
account in order to provide a cost effective, &fit and reliable system, low power design shoeldisged for that by
paying special attention towards the static as agetlynamic power dissipations..

The progress in the lithographic techniques has ligeen by the industrial needs. Industry goald aeed are
constantly shifting and some technologies fail atiters advance more rapidly than expected. Whéecthemains
debate over the costs of many of these methodstenability to manufacture in large volume, all timethods
described in this review currently have some reasjpects for acceptance. It is expected no ddabtimdustry will
achieve its goals of mastering true nanoscaledithighy. The author’'s hope that the reader findsréview special
useful in understanding the current state-of-thiéadithography.
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