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Excimer laser-induced photolysis of gaseous been only studied with M (R = methyl, ethyl;
selenophene and tellurophene affords gaseous M =Se, Te) compounds. Thus, photodeposition of
1-buten-3-yne and ethyne (as major products) selenium films from dimethylselenium induced
and butadiyne (a very minor product) and via radiation from Hg/Xe and Hg lamps is a very
results in chemical vapour deposition of sel- slow process due to low absorption in the precursor.
enium and tellurium films. The film properties Laser photolysis studied with 257 and 193 nm
were characterized by XPS and SEM techniques radiation related to substrate-adsorbed dialkyl-
and by UV spectroscopy. Copyright © 2000 tellurium molecules'® Hg/Xe lamp- and laser-
John Wiley & Sons, Ltd. induced photolysis at 193 and 248 nm of gaseous
R-Te compounds yielded ground-state tellurium
atoms and is suitable for photodeposition of
tellurium films>~’

The photolyses are hampered by hydrocarbon
products which can be incorporated into the
deposited films. These products may also act as
surface inhibitors of film growth. The design of
organoselenium or organotellurium precursors
photolytically decomposed to selenium (tellurium)
along with neutral and surface-non-interacting
INTRODUCTION hydrocarbons is therefore of interest.

We have recently demonstrated deposition of
Laser-induced chemical vapour deposition (CVD)tellurium and Te/C particles by excimer laser-
of selenium and tellurium is of interest due to its induced photolysis of some organotellurium
importance for microelectronics, photographic compounds, including tellurophene in the liquid
imaging and metal—polymer optical storage mediaphasé® We have also studied KrF laser photo-
Although various structurally different organosel- lysis of gaseous ETe and MgSe and demon-
enium and organotellurium compounds are avail-strated their suitability for photodeposition of
able, gas-phase photolysis of these compounds hamire sub-micrometre particles of tellurium and of
thin films of selenium which were not contami-
nated with hydrocarbon side-products (see also J.
Pola, A. Ouchi, Z. Bastl and J.u®rt, unpub-
* Correspondence to: Josef Pola, Laser Chemistry group, Institutdished resultsy. In this paper we report on ArF
of Chemical Process Fundamentals, Academy of Sciences of thand KrF laser photolysis of selenophene and
Ezr?}‘;'ﬂ-ii?;g?ﬁbflﬁisofzprag“e 6, Czech Republic. tellurophene. We show that these processes are
Contract/grant sponsor: Ministry of Education, Youth and SportsoffaSt' yield non-obtru_swe hydrocarbon. products
the Czech Republic; Contract/grant number: 191. and afford pure thin films of selenium and
Contract/grant sponsor: Science and Technology Agency. tellurium.
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EXPERIMENTAL

Laser photolysis experimentswere performedon
gaseoussamples of selenophene(2.7kPa) and
tellurophene (0.5kPa) using a Lambda Physik
LPX 210i (ArF/KrF) laser operating with a
repetitionfrequencyof 10Hz at 193 and 248nm.
Thelaserbeamof differentfluxeseffectiveevenan
areaof 2.6cnm? was measuredy a GentecED-500
Joulemetecoupledwith a TektronixT91210 MHz
storageoscilloscope.

The samplesof selenopheneand tellurophene
wereirradiatedin a Pyrexreactorconsistingof two
orthogonally positioned tubes (both 3cm in di-
ameter), one (13cm long) furnished with KBr
windows andthe other (9 cm long) equippedwith
guartzwindows.Thereactorhadtwo sidearms,one
fitted with arubberseptumandtheotherconnecting
it to a standardzacuummanifold. It accommodated
metal, quartz and KBr substrateswvhich, covered
with solid material depositedin the course of
photolysis,were transferredfor measurementsf
their propertiesby UV spectroscopyphotoelectron
spectroscopyndelectronmicroscopy.

Theprocedurdor thedeterminatiorof depletion
of the initial compoundsand of the build-up of
gaseousphotolytlc productshasbeendescribedn
detail elsewhert’ and will be given here only
briefly. The progress of the photolysis was
monitored directly in the reactorby IR spectro-
scopy (a ShimadzuFTIR 4000 spectrometerand,
after expansiorof helium into the reactor,alsoby
GC (GasukuroKogyo model 370 chromatographs
equippedwith an I.D. Neutra Bond-1 capillary
column 60m long and a packedUnipak S SUS
column2 m long programmedemperaturehelium
carrier gas). The depletion of selenopheneand
tellurophene was followed by IR spectroscopy
using diagnostic bands at 685 and 688cm %,
respectivelyand the photolytic products(ethyne,
1-buten-3-yneandbuta-1,3-diyne)vere monitored
by both FTIR spectraland GC methods.

The examinationof the dependencef seleno-
pheneandtellurophenedepletionon laserflux was
carried out with the entrance reactor window
cleanedbefore each experiment. This helped to
circumvent data irreproducibility caused by a
gradualdecay of laser power within the reactor,
whichwasdueto the build-up of seleniumthin and
tellurium films on the reactorwindow.

UV spectraof solid films, asdepositecn quartz
substrateswere recordedby using a Shimadzu
UV 2100spectrometer.

X-ray photoelectronspectra (XPS) were re-

Copyright© 2000JohnWiley & Sons,Ltd.

cordedusing ESCA 3 Mk Il (VG Scientific, UK)
and ESCA 310 (GammadataScienta, Sweden)
electronspectrometersgachequippedwith an Al
Ko (1486.6eV) X-ray sourceand operatedin the
fixed-analysetransmissionmode. XP spectravere
recordedboth asdepositedsamplesand after mild
argon-ionetching(E=5keV, | =20 A, 5min) in
order to remove the oxide layer grown on the
surfaceof the sampleduring its transportto the
spectrometerEstimateof the depositcomposition
were madeusingthe photoelectrorpeakareasand
known sensitivity factorsfor eachpeak.

The morphologyof the films was examinedby
scanning electron microscopy (a Tesla BS350
ultra-high-vacuunminstrument).

Selenophene(Aldrich, purity 97%) was a
commercial sample. Tellurophene (purity better
than96%) wassynthesizedy a reportedsynthesis
usingbis(trimethylsilyl)-1,3-butdiyne andsodium
telluride generatedn situ. 11

RESULTS AND DISCUSSION

The UV absorptionspectrumof gaseousseleno-
phené? showsan absorptionbandat 193nm and
continuousabsorptionbetween210 and 260nm,
and that of gaseougelluropheneconsistsof three
major bands at 196, 220 and 275nm (Fig. 1).
The absorptivities(in kPa* cm™) of C,H,Seand
C4H Teare respectivelyp.73and0.43(at193nm)
and1.7 and0.13(at 248nm). They showthatboth
compoundsregoodabsorberatboth ArF andKrF
laserirradiatingwavelengthsThe energydelivered
by the photonsof the ArF and KrF laserscor-
responds respectively to ca 620 and 480kJ
einstein *. Theseenergiesare sufficientto cleave
the two M—C (M =Se, Te) bonds,asthe dISSOCIa-
tion energiesof the Se—CG> and Te— C14 bonds
were estimatedto be ca 250kJmol~2. It appears
that these energiesare also enoughto achieve
cleavageof thetwo strongeM—-C bondsin partially
aromati¢®*’ telluropheneandselenophene.

Indeed, examinationof the dependencef the
depletionof both C4H,Seand C,H,Te compounds
at both irradiating wavelengthson laser flux
showedthat the slopesof the depletionversusflux
plotsarecloseto unlty andhencen line with aone-
photonprocess?

The ArF and KrF laser irradiation of gaseous
selenophenandtelluropheneresultsin the forma-
tion of 1-buten-3-yne and ethyne (as major
products)and butadiyne(a very minor product)as
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Figure 1 UV absorptiorspectrunof (a) telluropheneand(b)
selenophene.

the exclusivevolatile products.The formation of
the samehydrocarbonsshowsthat photolysesof
both C4H4SeandC4H6Te compoundsakeplaceby
the samemechanisr (Schemel). Furtherdiscus-
sionontherole of the C4H, intermediateandon the
resultof electron|ceXC|tat|onhasbeeng|ven in our
precedingpaper’

Ethyne and 1-buten-3-ynepractically do not
absorbat 248nm andtheir photolysiswith 193nm
laserradiationis at leasttwo ordersof magnitude

slowerthanthat of telluropheneand selenophene.

(J. Pola, unpublishedresults). Thesefactsindicate

\m r/_\j

Schemel

1,3-H shift

/ H,G=CH-C==CH
\\L 2 CoH,

-C-C cleavage
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thatconcurrenphotolysisof thehydrocarbonss of
negligibleimportanceandthatcontaminatiorof the
depositedilms by carbon-containingroductamust
be insignificant.

Irradiation of selenophenend telluropheneat
193 and 248nm with fluxes of 5-60mJcn?
resultedin the depositionof pink and dark films,
respectively.The laser radiation was completely
absorbedn the gaseousamplesandthe photolysis
rate at both wavelengthof each of the hetero-
cyclopentadienewasvirtually thesame Thelinear
dependencef the photolytic depletionof seleno-
pheneandtellurophenenlaserflux atboth193and
248nm, which gives support for a one-photon
processis illustratedin Fig. 2. Theinitial quantum
yield of the 193 and 248nm photolyses of
selenophenwasestimatedo be 0.5-0.6,andthose
of tellurophenewas ca 0.6. This small difference,
along with a somewhat higher slope of the
dependencdor tellurophene(0.56+ 0.5, Fig. 2b)
comparedwith that for selenophen€0.45+ 0.05,
Fig. 2a),indicatesa slightly morefeasiblecleavage
of the Te—Cbond.

Both films showedvery good adhesionto the
glassreactorsurfaceandquartz.

XPStechniqueglid not revealany differencein
the film composition for films obtained with
differentflux. Thefilms producedy the photolysis
of selenophenareelementakeleniumandcontain
someseleniumdioxide and carbonin the topmost
layers.This indicatesthat the seleniumfilms were
oxidizedin air whentransferredfor analysis.The
observedraluesof selenium3d bindingenergiesat
55.5 and 55.9eV respectivelyare in accordwith
those of elemental selenium and selenium di-
oxide® The smallercontributionof SeG relative
to that of seleniumin the ion-sputteredsample
comparedwith the oneas-receiveds givenin Fig.
3. The films obtainedby the photolysis of tell-
uropheneare elementaltellurium with sometell-
urium oxide in superficial layers. This is also
consistentvith surfaceoxidationof thefilms when
they are exposedto air. The observedvalues of
tellurium 3ds,, binding energies at 573.2eV
correspondo elementaltellurium, while thoseat
576.2and578.5eV revealthe presencef tellurium
oxideg?® and are shifted due to differential static
surfacecharging.Application of ion sputteringto
removalof the mostof thetopmostoxide level and
of differential chargingis documentedn Fig. 4.
Thesefilms do not containcarbonin the topmost
layers.

SEM analysisrevealsthatthe morphologyof the
seleniumandtellurium films differs. The selenium

Appl. Organometal Chem.14, 715-720(2000)
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Figure 2 Depletionof (a) selenophenand(b) telluropheneversuslaserflux: @, ArF laserphotolysis,” KrF laserphotolysis.

films have a structure of isolated round-shaped
particles with diametersover 2 um (Fig. 5a),
whereas the tellurium films exhibit a unique
agglomeratepattern of small particles (ca 0.3—
0.5um) in which theseparticlesare bondedinto a
continuousfluffy structure(Fig. 5b). This differ-
ence can be rationalized in terms of different
deposition mechanisms.The formation of the
specific microstructureswas observedwith both
laserwavelengthsThehigherpressureandhencea

T T T
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Figure 3 Photoelectrorspectrumof Se3d electronsin films
from selenophenéa) after and(b) beforeion sputtering.

Copyright© 2000JohnWiley & Sons,Ltd.

shorterphotolysiszonein the selenophendécom-
paredwith the tellurophene)photolysisarein line
with a higher concentrationof the heteroatomic
nucleiandhencemorefeasibleformationof larger
agglomeratesn this process.We note that the
observedball-like morphology of seleniumfilms
was also observedwith selenium films photo-
depositedirom dimethylselenium(seeJ. Pola, Z.
Bastl,J. Subrt, A. Ouchi,unpublishedesults).and
with seleniumfilms producedupon evaporation/

Intensity, arb. units
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Figure 4 Photoelectronspectrumof Te 3d5/2 electronsof
films from telluropheng(a) after and (b) beforeion sputtering.
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Figure 5 Typical SEM imageof (a) seleniumand(b) tellurium films.

depositionof selenium® We alsoremarkthat the
fluffy-particle morphology of tellurium films has
not beenpreviouslyreported.

UV/Vis absorptionspectraof the seleniumand
tellurium films have very similar patternsin the
regionof 190—-700hm (Fig. 6). They showa broad
maximumat 280nm (Se) and 300nm (Te) and a
decreasingbsorbanceowardshigherwavelengths.
The observedspectrumof the seleniumfilms is
consistentvith that of amorphouseleniumwhich
is knowrf® to exhibit two strongmaxima, at 140
and 287nm. The observedspectrumof tellurium
differs from those of thin granular tellurium
films®?% and of thick tellurium layers®® These
posses@bsorptionmaximaat 600nm assignedo
inter-zonetransitiong* andwhich becomdost due
to quantumdimensionaleffectswhenthe granular
films becomethinnerthan9 nm. We canspeculate

Copyright© 2000JohnWiley & Sons,Ltd.

thattheabsencef the 600nmbandin thespectrum
of the tellurium films obtainedin this work is
associatedwvith different morphologies,since the
granular films®*?? consistedof nanometre-sized
separateslands.

Conclusion

ArF and KrF laser photolysisof gaseousseleno-
pheneand telluropheneaffords CVD of selenium
andtellurium films which are not contaminatedy
carbonfrom hydrocarbonphotolytic by-products.
Thephotolysisof bothheterocyclopetadieness of
interestfor depositionof selenium-andtellurium-
containing films, which find use as II-VI semi-
conductorfilms (e.g. Ref. 25.) or are important
optical datastorageapplicationg(e.g. Ref. 26.).

Appl. Organometal Chem.14, 715-720(2000)
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Figure 6 Typical UV/Vis absorptionspectrumof (a) sel-
eniumand (b) tellurium films.
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