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Continuous-wave CQ-laser-induced gas-phase of the thermodynamically stable Si—O bond (e.g.
decomposition of HSiOSiH;, dominated by Refs. 11-13), and that (i) IR laser-induced
elimination and polymerization of transient thermolysis of hexamethyldisiloxate™®occurring
silanone H,Si=O and yielding silane and strictly in the gas phase (with no contribution from
hydrogen as side-products, represents a conve- the cold reactor surface) is controlled by cleavage
nient process for chemical vapour deposition of of the Si—C bond. These findings can only be
poly(hydridosiloxane) films. Copyright © 1999 explained by an enhancement of Si-O cleavage via
John Wiley & Sons, Ltd. heterogeneous steps on the hot reactor surface. Our
recent observation of both Si-C and Si-O bond
cleavages in the IR laser-induced homogeneous
decomposition of 1,1,3,3-tetramethyldisiloxahe
is, however, indicative of a feasible split of the
Si—O bond in disiloxanes possessing Si—H bonds,
and suggests that the ease of the Si-O bond
cleavage is enhanced by H-substitution at the
silicon.

We now report that IR laser-induced decomposi-
INTRODUCTION tion of DSO is dominated by cleavage of the Si-O

bond and that this homogeneous decomposition is a

The synthesis and physical properties of disiloxaneconvenient process for chemical vapour deposition
H3SiOSiH; (DSO), have been known for a long Of silicon suboxide-based films (e.g. Refs. 17-19),
timel” but its chemistry has been little ex- Which are promising materials for microelectronics.
plored® it involves insertion of difluorocarbene

into the Si-H bond and cleavage with metal

hydrides and ammonia. Thermal decomposition of

DSO has not yet been examined, although studieEXPERIMENTAL

on the thermal decomposition of polydimethylsi- . . . .
P boly y The experiments were carried out using a contin-

loxanes are plentiful. It is well established that (i) Uous-wave (cw) C@laser operating in the range
polydimethylsiloxanes thermally degrade in con-934_952 e’ by procedures reported pre-

ventional (hot-wall) pyrolytic reactors via cleavage viously 2922 DSO (3kPa) or DSO (3 kPa)-SF

(0.2-7 kPa)-N (7 kPa) mixtures were irradiated
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H;Si 0 H,Si H
2 H;SiOSiH; ; 5 —— SiH, + H3Si0SiH,SiOSiH;
H;Si 0 SiH;
Schemel
P> O . .
H;Si0SiH; H,Si " " SiH; |— H,Si=0 + SiH.
. |
(H,Si0),
Scheme2

sieve columns)as well as by FTIR spectroscopy
usingtheabsorptiorbandof DSOat2169cm * and
thatof silaneat 908cm™™.

RESULTS AND DISCUSSION

The absorptionof laser radiation in the 6(HsSi)
modée? of DSO and the v(S—F) modé*2° of Sk
results in decompositionof DSO, formation of
gaseoussilane and hydrogenand depositionof a
solid materialmanifestingitself asthin transparent
films or thickeryellowishlayers.Theyield of silane
is within the 30—70%decompositiorrange0.75—
0.90mol permol of DSOdecomposedrhis value,
beinglower than1, canbe rationalizedin termsof
minor silanedecompositiof®2°into H, andasolid
Si/H or silicon(0) material.

Photoelectrorspectroscopyf the films reveals
thatthe O/Siratio in all the depositsis closeto 1.
The IR spectraof the depositedilms showa very
strongandbroadbanddueto the v(Si—-O-Si)mode
at approximately 1086cm ' and several minor
bandsassignablédo vibrationsof H,Si(O) moieties
at 803,870,980, 2183and 2250cm *. The bands
observedt 2183and2250cm * canbe unambigu-
ously assigned®>°to the H,Si(O) structuralunit;
the lack of bandsat ca 2100 and 2000cm™* is
indicative of an absenceof (SiH,), and (SiH),
structure$®3’in which the Si—H bond s isolated
from oxygenby at leasttwo silicon atoms.

The observedvolatile productscan,in principle,
beformedby threedifferentmecharnsms.Theseare:

Copyright© 1999JohnWiley & Sons,Ltd.

(a) bimolecularformationof a four-centreinter-
mediate depicted for the primary reaction
stageby Schemel,;

(b) monomolecularcleavagevia a four-centre
transitionstate(Scheme?); and

(c) aradical processsimilar to that reportedfor
decompositionof dimethyl ether (Scheme
3)_38,39

To discernbetweenthesedecompositiormodes
is difficult. Neither scavengingexperiments,nor
experimentswith isotopomericprecursorsproved
helpful: silanonetrapping with alkoxysilaneswas
unsuccessfulandtheirradiationof DSO-DSO-¢~
SFs mixtures afforded all the H,SiD,_,, isotopo-
mers.The latter fact cannot,however,be takenas
evidencefor radical chains, since the SiH, and
SiD,, once producedby molecular elimination,
could undergoH/D scrambling.

Irradiation of DSO (0.7kPa) and cyclohexene
(chemicalthermometef® 0.7kPa)in the presence
of SFs (0.7—2kPa) and in an excessof nitrogen

H3SiOSiH; —— H3Sit + "OSiH;
H;Si" + H3Si0SiH; —— SiH; + 'SiH,0SiH;
‘SiH,0OSiH; —— H,Si=0 + 'SiHj;

n H2$i=0 —_—> (HleO)n

Scheme3
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Figure 1 The Arrheniusplot of log Ko VS Teffl for cw
CO,-laser-photosensitize(SFs) decompositiorof DSO using
cyclohexeneasmarke.

-2.0
0.24

(7.5kPa),usingincidentenergyin therangeof 10—
100W cm 2, was carried out to determineinitial

ratesof depletionof both compoundsThe deple-
tion was monitoredby FTIR spectroscopwsing
absorptivitiesat 759cm~* (DSO) and 2931cm™

(cyclohexene).This procedurefor non-interfering
system& allowed us to estimatethe Arrhenius
parametersf thedecompositiorof DSOaslog A =
13.14+ 0.8s ' andE,= 234+ 8kJmol* (Fig. 1),
which arein keepingwith the suggestedobur-centre
cyclic transitionstateof the unimoleculardecom-
positiondepictedn Scheme2. Consideringhatthe
activation en%%g%/ of the overall dimethyl ether
decompositiorf>° correspondsessentiallyto the
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Figure 2 SEM of the Si/H/O depositobtained.
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Figure 3 TEM of the Si/H/O deposit. Magnification:
x70000.

C-0 bond energy (approximately300kJmol~2),

the operationof the analogousadicalchainsin the
DSO decompositiorwould leadto a much higher
activationenergy reflectingthe dissociatiorenergy
of the Si—-Obond(ca 500kJmol™).

Thetransientoccurrenceof silanoneH,Si=0 is
supportedy avery minor formationof trisiloxane,
cyclotrisiloxane,tetrasiloxaneand cyclotetrasilox-
ane, all of which were identified by a GC-MS
technigue Theseproductscanonly berationalized
in terms of H,Si=O insertion into DSO, or of
H,Si=0 cyclotrimerizationand cyclotetrameriza-
tion.

Scanningelectron microscopyanalysisreveals
that the films consistof agglomeratesvhich have
continuousstructures(Fig. 2). Transmissiorelec-
tron microscopyanalysisconfirmsthis and shows
small particlesca 100nmin sizewhich arebonded
together(Fig. 3). Thesefeaturesareconsistentvith
residualactivity of depositingagglomeratesvhich
increasdheir sizenotonly in thegasphasebutalso
after their depositionon the reactorsurface.

A remarkaboutthe fragmentatiorof DSOunder
electronimpactis pertinent.The massspectrumof
DSO[m/z(relativeintensity)= 78(30),77(100),76
(49),75(68), 74 (20), 73 (53), 72 (23)] consistof
signalscorrespondingo thelossof 1-6H atoms.It
is thus apparentthat the elimination of SiH,
moleculestaking place in the IR laser-induced
thermalprocesss prohibitedfor the DSO" ion.

We conclude that DSO decomposedo yield
silaneandsolid poly(hydridosiloxanejilms, which
arereportedfor thefirst time asbeingproducedby
IR laser-inducedjas-phasedecompositiorof DSO.
The procedurerepresents convenientalternative
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to formation of Si/O phasesachievedthroughgas-
phaseoxidationof hazardousilane.

More work using radiation from pulsed TEA
CO, andArF lasesis in progress.
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