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Homopolymers of a bis－trifluorocarbinoI substituted norbomene（1）隼α－
bis（trifluoromethyl）bicyclo［2．2．1］hept－5－ene－2－ethanolorHFANB）Wereproduceduslnga

Palladiumcatalystandhydrogenasachaintransfbragenttocontrolmolecularweight．As

the hydrogen pressureincreased，the molecular weight of poly（1）decreased．

SpectroscopICanalysISOfthesepolymersbylHNMRandMALDI－TOFMSconnrmed

that the hydrogen chain transftr agent generated hydrogen－terminated vlnyl addition

homopolymersofl．TheoptlCaldensltyOfthesepolymersisextremelylowat193nmand

isindependentofmolecularweight．
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1．1ntroduction

Semiconductor manufacturers use a process

known as photolithography to transfbr circultry

infbrmationinscribed on a mask onto the silicon

Substratel1］．Inthisprocess，Photoresistsolutions

arespunonsiliconwafbrstofbrmphotosensitive

thin mms．The mqorcomponentinphotoresist

formulations（besides organic soIvent）is the

binder resin．Binder resinsimpactimportant

Photoresistmmcharacteristicssuchasdissolution

behaviorin developerl2］．This characteristicis

PrOfbundly af托cted by molecular weight and

molecularweightdistributionofthebinderresin．

Anotherimportantcharacteristicofthenlmthatis

affbcted by the binder resinis transparency

especiallyatimagingwavelengthsl3］．Thus，itis

desirabletoprovidebinderresinswithcontrolled

molecular weight and molecular weight

distributions that do notimpact the optlCal

transparency ofthe photoresist nlm atimaglng

WaVelengths．

In the recent shift　from　248　nm to193　nm

imaglngradiation，thesemiconductorindustryhas

auditioned several new polymeric materials as

binderresins based ontheirtransparency at193
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nm：methacrylates，nOrbomene／maleicanhydride

COPOlymers，　nOrbomene／maleic anhydride／

acrylatepolymers，andvlnyladditionnorbomene

POlymers．Unique among these polymers，Vlnyl

additionnorbomenePOlymersheldthepromiseof

bothhightransparency as wellas excellent etch

resistance l4］．Vinyl addition norbomene

POlymers are typICally synthesized uslnglate

transitionmetalcatalystsl5］．

Afbwyearsago，SeVeralpublicationsappeared

that discussed theincorporation of the bis－

trifluorocarbinoI substituted norbomenel（α，α－

bis（trifluoromethyl）bicyclo［2．2．1］hept－5－ene－2－

ethanolorHFANB）intophotoresistbinderresins

［6，7，8］．　Previously，We rePOrted that the

homopolymerization of l and the

COPOlymerization ofl and2（t－butylester of5－

norbomene Carboxylic acid）with controlled

molecularweightuslngPalladiumcatalystscould

be achieveduslng Olennic chaintransfbragents．

Unfortunately，tO Obtainlow optlCal densities

（OD）for these polymers at193　nm a post－

POlymerizationendgroupmodincationstep such

asepoxidationorhydro芦enationwasrequiredl9］・
Inthiscontribution，WelnVeStlgatedhydrogenasa

慧諾me芸霊等雪1荒t品di慧
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CatalystsandreportontheoptlCaldensltyat193

nmofsuchhomopolymers．

∈。F。e。
2．Experimenta1

2．1General．

All manlPulations were carried out under an

atmosphereofprepurinednitrogenuslngStandard

Schlenkordryboxtechniques．Anhydrousgrade

SOIvents were deoxygenated by sparglng With

PrePurinednitrogenprlOrtOuSe．

HFANB（1）wasobtainedfromPromeruSLLC

and N，N－dimethylanilinium tetrakis（Pentafluoro

Phenyl）borate　（DANFABA）　from Boulder

Scientinc．　The synthesis of bis（di－i－

PrOPylphenylphosphine）palladium diacetate has

beenreportedpreviouslyl9］．

NMR，GPC，MALDI－TOF MS，and optlCal

density（OD）Were determined as previously

reported［9］．

2．2．Polymerization oflin the presence of

hydrogen．

Monomerl（5．00g，0．0182mol）was weighed

intoaglassvialandcombinedwithl．8mLofa

StOCk solution ofDANFABA（0．0032g，0．0040

mmolin2mLoftoluene）．Tothissolutionwas
added7mLoftoluene．Themixturewasaddedto

aglasspressurevessel，Chargedwithhydrogengas

to20pslgandheatedto800Cforonehour．To
thismixturewasaddedO．7mLofastocksolution

Of bis（di－i－PrOPylphenylphosphine）palladium

diacetate（0．0012g，0．0020mmolin2mL of

toluene）．Themixturewasstirredfor18h．After

COOling，thepolymerwasprecIPltatedbypourlng

the reaction mixtureinto heptane．　The

PreCIPltated polymer was nltered and dried at

lOO OCinavacuumoven．Yield4．32g（86％）．

lHNMR（CDC13）：80．5－2．6（br m，aliphatic
hydrogens，11H），2．6－3．3（brs，0ガ，1H）．GPC：

吼＝22，900；弧＝9900．The procedure was
repeated，but under　30　pslg hydrogen．　The

resulting yields and molecular weights are

PreSentedinTablel．

The experiment above was repeated atlarger

SCale（80gofl）inatotalof200mLoftoluene

but under50and90pslg hydrogen and with a
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monomer to Pd to DANFABA molar ratio of

25000：1：5．The resulting yields and molecular

WeightsaresummarizedinTablel．

3．ResultsandDiscussion

A series of homopolymerizations ofl were

Carried out using bis（di－i－PrOPyl

Phenylphosphine）palladium diacetate and

DANFABAin the presence of hydrogen to

COntrOlmolecularweight．Themolarratiooflto

Pdrequlredwasqultelowandthemolarratioof

Pd to DANFABA employed wasl to5．The

POlymerizationswererunattWOdifftrentscales：

5gand80gofmonomer．Theresults ofthese

POlymerizationsarepresentedinTablel．

Table l．　Polymerization ofl using bis（di－i－

PrOPylphenylphosphine）palladium diacetate and

DANFABAin the presence ofincreaslng hydrogen

PreSSure・

還8986

品

莞

5

。

9

。

nMWM OD

（193）

22900　9900　　0．04

18100　8450　　0．03

13500　5700　　0．03

12200　6630　　0．02

1
　
2
　
3
　
4

′

0

　

0

7
　
7

Theisolated yields of polymer were good

ranglngfrom70toabout90％．Asthepressureof

hydrogenwasincreasedfrom20to90pslg，the

吼Of the homopolymer ofl decreasedfrom
22900　to12200．　Higher hydrogen pressure

resultsinlowermolecularweightpolymer．

Thepolymerswere characterizedbybothlH

NMRandMALDI－TOFMStechniques・ThelH

NMR spectrum Shows that a vlnyl addition

POlymer was produced；nO reSOnanCeS due to

olennicmoieties areobserved．TheMALDI－TOF

MS trace of the homopolymer（negativeion

mode）isshownfnFigurel・Onlyo？eSignincant
POlymer seriesIS Observed anditlS COnSistent

Withahydrogen－terminatedpoly（1）．Sinceinthe

negativeionmode，lossofH＋fromthepolymer

Chain occurs，an HFANB polymer chain with a

degreeofpolymerizationoflOandtwohydrogen

endgroupswouldexhibitamolecularionof2741

asis observedin the mass spectrum．（A much

lessintensepolymerseriesisobservedduetoloss

OfCF3H（70Daltons）fromthepolymerchain．）

End group determination fbr poly（1）and the

inverse molecularweight dependence ofpoly（1）

On hydrogen pressureindicate that hydrogenis

invoIvedin the chain transfbr step and that a

Phosphine－Stabilized（PreSumably cationic）Pd－H
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SPeCiesis the active catalyst．See Schemel．

InsertionofnorbomeneintothePd－Hbondyields
a cationic Pd－C bonded intemediate．　　A

hydrogen－teminated poly（norbomene）　and

regenerationofthecationicPd－Hcatalystresults
from a G－bond metathesis reaction between this

Pd－Cintemediate and hydrogenl10］．　See
Scheme2．

0ヽ

▼・－1

8ヽ

2000　　　　　　　　　　　3000　　　　　　　　　　　4000　　　　　　　　　　　5000 6000　　　　　m／Z

Figurel．MALDI－TOF MS ofhydrogen－terminated

homopolymerofl．（＊＝lossofCF3H）
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三

Schemel．Proposedinitiationandchaintransfbrsteps．
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Scheme2．Chaintransfbrreaction．

While this catalytlC CyCleis supported by

elucidationofthehydrogenpoly（norbomene）end

groups，it not clear at thisJunCture how the

Pd（OAc）2（PR3）2　derived catalyst enters the
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POlymerization cycle．However，reCent Studies

haveshownthatPd（II）complexescanfomPd－C

bondsbymetallation ofthei－PrOPylsubstituents

OfphosphineligandsbondedtoPdl11］．

In early transition metal Ziegler－Natta

POly（olenn）technology，POlymer molecular

Weightcanbecontrolledbyadditionofhydrogen

［12］．We are aware ofonly a fbw examples of

molecularweightcontrolofpoly（01enns）using
late transition metal olenn polymerizatlOn

Catalysts and hydrogenl13］．None of these

refbreTCeSeXemPlifyhydrogenasachaintransfbr
agentlnhomopolymerizationofnorbomene－tyPe

Theopticaldensity（OD）ofpoly（1）madeinthe

PreSenCe Ofhydrogenwas measured at193nm．

The results as afunction of弧are presentedin
Figure2．NotethattheODsareverylow（＜0．05

micron．1）and that the values observed are

independent ofmolecular weight．Contrast this

behaviorwiththatobservedforthesamepolymer

COPPOSitioncontainingolennicendgroups（made
uslngethyleneand1－hexenechaintransfbragents

to control molecular weight）also presentedin

Figure2．In thelatter case，the olennic end

groupsinpoly（1）ContributetoanincreaseinOD

as the molecular weight decreasesl9］．The

Saturated，hydrogen－terminated poly（1）do not

COntain unsaturated end groups and therefore

exhibit verylow ODs even atlow molecular

Weight．
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Figure2．Plotofopticaldensity（OD，at193nm）vs．

弧for both olenn－terminated poly（1）（SquareS）and
hydrogen－terminatedpoly（1）（triangles）．

Inconclusion，hydrogencontroIsthemolecular

Weightofpoly（norbomene）madeusingpalladium

Catalysts．In this process，hydrogen－terminated

POly（norbomene）issynthesizedthatisextremely
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transparentat193nmandthereforecanserveaS

thebasisforimprovedphotoresistbinderresins．
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