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vompanies to develop praducts that can be used
technology nades have been approached and sur-
passed. Lnterest in silicom-Tmsed polvmers s griowing as
u - 0 =] the limits of organic polymer wechinology ave reached.
ot
- *
‘ E Pl the latest technology adopled by the semiconduc-

| o
.S ’ ap l ng t e Thf: advancement ol semiconductor lechnology
. Loy pattent civcuits on silicon walers al ever smaller di-
The need fur anticellective coatings has also grown s
‘ tor indust ry, ow presents additonal challenges to
El t ]

correlalexs directly with the ability of photoresist
. mensions, Polymer com pesidon has changed as new
cireuil size has dimindshed. Tmmersion photolithogra-
phustoresist producers,

Photoresists comtain polymers sensitive 1o lighl that
. are laid dewn on the silicon waler (tgplcally spun on).
A phatomask of the desired circoit pattern positiconed

three 1o six feet away from the waler s used 10 project

an image at 4% reduction onw the water surface

- -~
—
L ' through a multi-million dollar lens, The uncovered
: 3 areas of the polyimer are exposed fer specilic palterns
@C O Og)/ of light at a given wivelenglh, causing chemical and
N5y

physical changes that make it either soluble in a devel-
el solution {positive tone) or resistant o the devel-
oper (negitive’ fone]. Aller the reacted polymer is e-

-

%

‘ : miowed, Lhe water not protected by the remaining
photoresist is etched §o creale the inlegrated ciccldr pat-
‘ teimn. The process is repeated multiple times to create
the: linal chip stucture, Most integrated cirouils are fab-
' ricated using positive tone pholoresisls,

Meta) ion-free developers, which contain only pares
\ per hillion of melal lons, are composed largely of

deionized water and the hase 1elra melhy] ammoniom
hydrosdde {TMAHY. The purity ol the developers is criti-
cal, as the presence of iron, sodivm, potassium, and
cther metal ions in developers can cause leakage cor-
rents in gate oxides, hindering CMOS device perform-
anee.The concentration of the TMAH varies depending
ob Lthe photoresist formulalion, and some developers
also conlain surlaclans for improved swiface wetting
nrperies.

{nce the reacted portion of the polyrmer is removed,
the remaiming photloresisl serves as a mask for pattem-

by Cynthia Challener
[T CostNcsTror Coolibuling Wrelter
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ing the circuits on W the water, The ability of the coal-
ing to “resisl” degradation during the etcling slep
leads w the second part of the name “photoresist.”
Fiching is tvpically achieved via a drv plasma etching
process. The reactive plasma contains lonized oxidizing
ur reducing apents that react with the exposed surtace
nuaterial, removing them (mom the subslate, Wet etch-
ing, which is an older technology, involves the use of
liquid chemicals. Dny ctching is preferred bevause it is
venerally an anisomropic procesy, while wel elching is
an sotropic process, wilh the ewching occuring in all
iretions.

Aller the elching process, the remainimy pholoresist
is remyoved with a wet chemical solution. A wel-wet
process is used for older technology o remove both
the photormask and photoresist, For less than 0,50 mi-
cron geometries, a diy-wet process that invalves the use
of a dry escvgen plasia (ashing) w remove the pho-
foresisl mask and a wet chemical process for removal
of Lhe photoresist resichae is typically emploved. Wel
strippers are often comprised of the polar selvent -
methyl-2 pyreolidone (NwP} and an alkanolamine
such as monethanclamine {MEAY. Corrosion in-
hibitors are sometimes wdded, o a lurder tnse with
isopropinol wsed Lo minimize corrosion by the NmP
and MEA Lo remove photovesist residue following
plasma ashing, agvecus byvdroxylamine-based re-
mipers Dave Treen developed, Alternative wet privoesses
are being investigated in order to eliminae the plasma
ashing step.

Several differenl polymer types have been utilized in
photoresist [ormuolations over the years. The chemival
makeup of the polymers has changed 1o adjust e sen-
sitivity 1o shorter wavelengths ol light. *A functional
dilference between these polymers is the absorbance or
Leansmittance of Hght by the polymer in the photore-
sist formulalion. The polymer must allow the Tmaging
light o Lransimit through the photoresisg, " comments
D Matthew Romberger, manager, sales and marketing,
with ThrlPor Elecuonic Polymers.

Acvcording o Katluyn Dutham, marketing director
lor A Llectronic materialy LS4, the classic photoresist
used by the indusiry since about 1970 is the TN
novolik Lype. DN stands for diazomaphihoquinone, a
light-sensitive compoamd thal i i whexposed fommn
infetacts wilh a cresolftormaldelide resin, the novolak,
Lo make a product that is insoluble in agueous alkaline
developer solulion. Aller exposure o light, the phoio-
prisducts of the NG enhance the solubility of the
coating, “The matio of the exposediunexposed dissolu-
Hon males can exceed 100,000, which makes it possille
we achieve very straight sidewalls,” explains Q. Ralph
Dammel, Ré&TY diveclox for A% Llectronic Matexials, "In
effect, (he photoresist acts 23 2 chemical veorifier, turn-
ing an aerial image thal is near e a sine wine nto 4

v coatingstach.org
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square wave,” These pholoresists ave used in “broad-
band,” “G-lime,” and "I-line” photulithography.
Crlized rulilrer;bisazide photoresisis hiave alao been
usedd in Lhese applications, according to I, Bomnberger.

shorter wavelenglhs of light have been necessary in
order to create smaller and simaller pringed feamites. 1o
achieve betler resolution for 248 min lithogephy,
polv(hydroxystyrene) {PHS), a novolak isomer, has
becn used as an allemnalive. The changeosver was nov
simple, however, because DINGs do nod inhibin PTLS
like they do novelal resing. “To overcome this prob-
lem, a new imaging scheme called chemical amplifica-
tion was developed,” savs D Dammel, Treep ulicavin-
let (DUY) photoresists started gaiming momenum and
use in the late 19805 and eacly 19305, and became the
industry's maingtream solution in 1997, KT phorore-
gists can be wsed Lo make images with resahilions
<1007 .

In one comumnon typee of 248 nm resists, about 20%
of the hwdroxy] groups of PLIS are protected with t-
butoxycarbonyl (t-BOC) moiety, A pholoacid generator
(A that Teleases o sirong, nes-nucleophilic acid
such as miflic acid or a higher homolog upan exposure
is mixed into the coating solution. The acid calalyzes
the decomposition of the (-BGC group into CO, and
isobutene: the phenolic OI1 group is regenerated and
the palyimer becomes soluble “Since the acid i3 a ue
catalyst and not consamed duting the reaction, it can

Selected Photoresist Suppliers

Alr Products and Chemicals, Ine.

AZ Flectromic Mulerials

Brewer Seience

Dongjin Semichem Co, Lid,

Dong Woo Tne Chemicals

Do Corning (resin only)

DuPont Electronic Polymers {resin only)
Frerlight Chermicals Fujibilm

ISR Microelecleonics Corporation
Sicrochem

MNagaze

Rolm and Haay Flectronic Materials
Shin-Fisu Chemical Company
Sumiiemn Chemical Company
Tokvo Olika Kogyo

Kinervi: Slhd €
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go on to de-prolect nwoce sites. The initial photo event
is thus sultiplicd by the number of calalyzed reactions,
leading 1o the name of ‘chemical amplification” tor this
imaging scheme. Wilh chemical amplification, photone-
sist sensitivity 15 greatly enhanced,” said D Dammel. A
mare tecenl version of the technology relies ona
copolymer of hydroxystyrene and burylammvlate
knewn as FSCAT { Environmentally Slable Chernically
Amplifled Photoresisg.

Tor 193 nm lithography, PHS and all aromartic svs-
tems are oo absorbing to allow foe swlTicient trangmis-
sion of light necessary for imaging. Alipharic resins,
lvowever, exhibit pooe dry elch resistance. “To overcome
this difficulty, the industy developed photoresisi
Iased on highly Mised ning systems, such as adaman-
tane methacrylates, thal contain a high carbon con-
tenk,” saiel Dr Dhammel, According e Ms. Durhan, G-
day most syatems wse cleavable 2-alkyl-2-adamantane
methacrvlate copolymerized with Tactone and fused
ring alevholy in onder w0 offset the high hydrophobicioy
ot the adamantane ring. These 41T photoresists were in-
trerduced inthe late 19905 and early 20005, These
newer ArF matenials can resolve to 32 nm or better.

‘The uge ol antirelective contings {ARCs] has also be-
come aitical to the patterning process ws siee has con-
tinued Lo decrease, “Antireflective coatings are used to
eliminate refleclion and interference effects that other-
wise would degrade the ability of Lhe photoresisi w
print fine patlerns trae to the intended shape,” states
i1 Dammel. The retlective nalure of polysilicon, alu-
roenwn aned copprer films, photoresist thicknesses, and
device topography can all aflecr the path thar light ras-
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elo. ARG apyprliend G either the 1o of the photoresist
[ LARZS) or bottom { BARCS] have Decome commaon
place, TARCS are casier 10 apply and to remove and
liewit the edTects of varialions in photoresist thicloess,
but do not suppress retlections resulling from device
topography, BARCs help climinate all tvpes of un-
wanted reflections, but add cost and complexity due 1o
the additional application and removal jrrocesses re-
guitecl. Tonday, most 248 nm and basically all 143 nm
procesaes LWie Boloim anlirellecive layers (either inor
canic or organic layers applied by CVLY or o splo on
DTT.'J'-’TQ:‘SSJ as a matter of course,

Final photoaresis formulations include the resin,
photo acld generalor, adhesion prometers, solvent
blends for spinnability, and the resin {or perhaps a
Iilerul of resing). Fhoteresist procducers differentiate
their products in a number of ways. Many plicloresisiy
are customn produced to meet specific needs of cus-
tormeers. dordificalions are incorporated to the basic
resin stucture o malie the photoresist more or less
sensitive to light, impart a wider optical window of re-
acLivity; bcrease recoverability; or address purity, shelf
lite, stability, and other such issues.

Cuality of materialy is critical, "At DuPont Clectric
Polymers, we [oous o oo Tow aocd Bacch-ro-hatch ve-
producibility” savs Dr Bomberger "Once a product or
prrocess s apprewed Tor semiconducrer manufacuring,
vou want absolute product conslsiendcy lronm thil poinl
on, A congistent polymer is ey 1o our customers, and
crilical o qualivy photoresisiy,” he siresses, Tin
Dammel adds that “ower 340 of problems cauzed by
photoresisl varitions can he mmaced (o aw material
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variation. Fach variation can be very expensive, since
Tack ol a pertonming photoresist may completely shut
down a multi-hillion dellar Tabiricaan®

The market for phoworestsl and ancillary noaterials is
growing al a healthy rate as semiconductor technology
continues to advance, Acconding to SEMI®, an industry
organizaticen il represents the semicomduoton eoguip-
mentl and malerials indusury, the value of fhe plolal
photoresist market for semiconductor use wialed ap-
proximately 5250 million in 2005, Negative tone resists
accounled Norjusi 37 rillion. The dollar valoe was
split evenly berween older lechnologies i adlvaneed
lithography {248 mm-193 nm). By 2007, 5Lk expects
thie marked do he worth 51254 billion, with advanced
lithoaraphy accounting for 63% of the toial. According
to TPomt, the market for TET photoresists used in the
procluctivn of 1O displays is about 5600 million.
‘There are also dry tilm resists lor printed ciccnil bhoards
(PCBs) and photoresist imaterials for flat panel displays.
These materials are nod coversd 0 this discassion.

The developer markel experienced a steoong down
turn v M1 and 2003 and has not yet recovered Uie
peak volumes experienced prior to that, Tiforts to mini-
rodxe wisle through smaller dispense volomes iind
single water processing toals, combined wilh conlinued
pricing pressunes, have lept the numbers dowa, The
Gasdesl griweing markel Tor pholoresist developers is
autside ot Japan and Morth America, where more
fabricatons are beginning production, Developers in
general are produced by pholoresist manofactorens,

In 2004, 5EML valued the global developer markel at
£172 million,

After signialicant declines at the beginning of the
decade, the marke Tor remowvil products bas grown
over the last three vears, In 2004, the global removal
markel grew by 223, reaching a valoe of $3060 million.
Traditional organic removal marerials {NAMP-based
technologics] are mature but remain cost-effertive
Advineed rermunal malerials are experiencing the greal-
esl growth. Companies supplying remmoval mate-
rials include photoresist manufacturers, elec
treatic chemical produers, and specialey
chemical companies.

The demand for antiretlective coatings has
been sirong and s expecied o remain 50 as
sermiconductor fabrication moves to increasingly
sialler dimensions. Accovding ta SEMI, in 2004
the global ARC market grew 22% 1o reach &
recond value of 5175 million, Most suppliers of
ARCs are phoweesist prodhicers, and they tend (o
produce ARCs compaible with their own pho-
toresisl eitlerials, Brewer Science and [Toneywell
Llectronic Materials also mannfacinre ARCy for
use with a wide varery of photoresists lrom dil-
Ferend ronulaciurers.

wwwecaaiingstech, org

Market Update

As the market and techineliogy hag changed over the
past two decades. significant consolidation Tas oo
cured among photoresist supplicrs, sManulaclucers face
high research and developoent cosis as well as long
prodiet development and lite cveles. Kisk can he signil
icant and custemer requirements can be demanding.
“>0 one has the resources o do everything for every-
body, though, st we have (o somelimes malke longh
decisions,” comments ks, Durham, "Cne problem is
that some of the furcher-out technologies requite exten-
sive platform developmment, and even in the case of suc-
cess a breal-even point for such A project imay be more
than a decade away. This makes it ditficult for the ma-
tertals supplicrs to justity heavy investunent in such
prijeces.”

Photoresizl manulfactorers” along with the resl of the
semiconductor industry. are commitled Lo both devel-
oping aud flliwing the Totermational Technology
Revadmap [or Semiconduclos (FIRS, wwwitrsnel]. A
volumteer consortinm of industry eprescnlatives works
om the TTRS. Tt 35 updated each year, and tully revised
every bwo vears, acocnrding o Phil Dembiowski, globil
market manager for Semiconducor Tabrication
Materials at Dow Corning. Suppliers usually set their
timelines amndd argews according w he IS while also
considering specitic customer inputs and requirements,
at least for the nodes closer in time, Ms, Durham adds,

Currently, the semicomductor industry is involyed in
sealing up existing lormuladon lor the 65 om lechnaol-
ogyv node, with research and development etforts fo-
cnsed om 45 mn node roalerials using 193 nm immer-
sion lithography “*hotoresist design and improsement
as well as the development of more complex antireflec-
tive: colings {dual anticellection layers o irilayer
schemies using a silicon-containing BARC and a carbon-
rich hardmagk, for example} are the focos of much ef-
o™ saws L Darnne]l. Work an thie 45 nm node
should be completed in 200%-2010, and the 32 nm
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mude should be reached by 2012, "Opdcal lithography
using 193 nmoimmersion lechnology should enalle
fabrication of devices down w the 32 nm wechnology
noule. Aller that, an exreme ulmaviclel (LUY) Light
gource at 13.5 nm will lkely be required. The equip-
ment and phioloresists for this wechnology will be very
different,” Me Dembowski nives. And there are signill-
vant chablenges 1o e overcome. “1t is possilile that a
turther extension of 193 1m inmersion litdwography
with nesw, high refractive index liquids andfor double
expasule patteming will e used Instead of FLIV," pro-
poscs Tn Tianmel.

Immersion lithegraphy replaces the aie gap between
the lans of the lithography stepper equipment and the
silicon wafer with a higher reffactive index muaterial. Tt
is attractive hecause much of the existing inltastoocoure,
tools, and materials can be alilized. ‘The air gap is o
seurce of limitarion for raditional optical lithograply
becanse of the relkactive index of the air. lizh podty
waier has been the tnital chioice, witl 2 contimously
relreshed droplet of water lilling the gap. “1he light
path travels Lhrough water, effectively increasing the
mumnerical aperture and therefore enabling a higher res-
alution and smaller critical dimensions,” explains D
RBomberger 'The overall tesult is tha) he elfective wave
length is lowered to aboul 132 nm. At the same time,
the photoresists are exposed to water {or pelentally an
organic liquid), raising several issues.

Wilh lmmersion lithography, the leaching of resis
components during iheir test contact with waler, water
absomuion by Lthe photoresist, the refinement of pro-
leclve tapooats, and lime-edze roughiness and olther de-
fect sources st be addressed, Photoresist additives
such as acids, guenchers, or conirasi-enhancemnent
agents could leach out of the Jlm and possibly con-
taminate o damage the lens. While Fabricalors would
rrefer Lo avold additonal process sieps, the applicalion
of a protective topooal mav be necessary 1o alleviate

S8 June 2008

this concern. The removal process mnsi be
carefully completed so as nid 1o impact the
itage quality, Delecls assnciated with the
application and removal of the topcoat, in-
teractions wilh water, formatiom of bubbles,
and olher changes in the syslem are likely to
occut and will need Lo be resolved as well.
O the positive side, wopooats may also help
arthust 1he contact angle, providing post ex-
pesure delay protection [rom aliborne con-
tamination.

Beyond immersion lithography, FLV iech-
nelloy poses significant challenges [or pho-
lotesist manufacirers. Wilh chemical ampli
ficadem, dillusion of te acid reduces the
contrast ablained during the expusure step,
I'ypleal diffusion lengils of 40 am will neot
be 1olerable at the 43 nm and smaller wechnology
nexdes. Line-edge or line-widtl roughmess [LRR or LWR)
will alscr Tikely impac the electrical performance of
devices at Lhese smaller 1eclinology nodes, Unfori.
malely, redudng diffusion length opically resulis in
increased TER

Inorganic photoresists and antirelleciive coatings
based on silicon polvmers are the likely solution o
may of the lithograply issues that cooor o smaller
technulogy noedes. Unlike orgaimic lased materials,
whivh are degraded o some extent by the efching
prrovess, silicon polymers otfer improved elch tesist-
ance, Treyw Corning is capitalizing on s expertise in sil-
icom chemisty and ity experience in other sepments of
the electramics indlustey o develop inorganic photore-
sists and AlCs designed for the 85 nm and smaller
techmology nodes, "We are working with multiple litho-
graphic companies and photoresist manulaciarers to
develop silican-based resins for Nuure semiconduactor
needs,” says e Dembowkai.

o Coming has been investing in its phoiolithog-
capliy program [or over twee vears now and has more
than 20 people worldng tir develop products it hopes o
launch to the markel witiin the nexr couple of vears,
“Drow Corning has made a significant Investment in
this program despite the high level of msls, ™ M
Dembeoswsld states. *We have worled to minimize the
risk by focusing on the silicon chemistey and collabo-
rating wilth experts In phowoeesist formulation wd
semiconductor fabrication,” he comtinues. The com-
pany has established an extensive palent poritolio of
silivon-based polymers for use in photoresisis and an-
dretlective coalings that are based oo silsesquioxane
technolegy, Research has focused on modifving the
510 backbone with dillerent kinds of funclionality to
impant light absorbing properties, inciease ease of siop
paliliy and enhance other desirable featnres. Dow
Coming will be alde to produce the resing in its exist-
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ing lacilines foliowing modifications 1o manufacurieg
equipment, according w M Dembowsld,

In the meantite, new produds are being intrewluced
Lo improve jreclormance at the oumment techoology
node AX Flearonic Materials hay lannched several new
photoresists and antirelleciive coatings to the marke,
according o Ma. Durham, "Cur new 193 nm products
offer inpwoved line-width roughness (1WR) and an en-
hanced process window [or linefspace vesists, or side
Lobe margin for conlact Twle resists,” In the thiclk il
area, AF has inroduced chemical amplification Lech-
neagy that allosws castomers 1o use much shorter ex-
posure and development lirmes while at the same time
achieving higher aspect ratios.

A7 alsir has nes ARC technologies, The comypuaiy
his bannched a PIOS-ree TARC thal is unigque o the
market, and is also expanding it line of outgassing-
free, high ewch rae BARCs. AZ has also developed i
mroprietary photnsensitive approach to developet-
soluble BARCs, as well as shrink techinologies for chem-
ical post-treatment of coniact holes and trenches thal
reduces their dimensions bevond what can be achieved
directly by photolithography. Recently, A2 made major
Investments in s advanced ol sets in the 115, and ex-
panded production capadity in Asia with the addidon
ol new plants in Tadwan, Korea, Japan, and, most re-
cently, mainlamd China.

Thilondt Elecironic Polymers provides highly engi-
neered polymer materials including derivarives of 4'-hy-
droxyacetophenone thil will enable photoresist manu-
facturers ter keep pace with changing technology. "By
conlrolling or influendng the qualily of Lhe palymer,
we Can influence the quality of the photoresist, aned the
resnlting image quality, DuPont is using proprietaty
and patented technologies 1o praduce photoresist poly-
mers with controlled architecture to meet advanced 1i-
thography needs,” states D, Romberger. The company
Tas introduced several new polvimers for photoresist
applicatioms under confidentiality agreemeniys with cus-
tomers, " ulPont leverages science (tom across the com-
pany on a global scale lo provide the best material selts
available roday for the semiconductor industey, and we
will combnue to sUpport our costomers’ needs 10 man-
factire adwanced phaoresisie,” he adds.

A determined commitment by the entire industy 1o
ollow the International Technaology Roadmap for
Semiconductors has Ted fo sigoificant advances in pho-
toresist and reliled lechnology for many vears. Despite
the signilicant challenges that e ahead, bolh resin pro-
duecers and photoresisl manuGciueess will oo doult tind
solulions 0 advance semiconducor technalogy that go
well beyond the 32 nm nede. Whinlever approaches are
taloen, it is likely thal phoworesists and antireflective ooat-
ings will comtinue to remain aitcal components of
semiconductor brication [or many years to come. @
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