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Reaction rate constartls of SiHI(%‘At) have been directly measured for the first time using the laser photolysis-laser-in- 
duced fluorescence method. The preparation of SiH: radical in the laser photolysis (193 m-n) or phenylsilane and the 
concentration of the radiczd is demonstrated by a dye laser at 580.1 nm (%(‘AI-A’B,). The rerrction raw constants or 
SiH2(X’A,) with Hz. CH,. C,H,. SiH, and SilHL_ are 0.001. 0.01. 0.97_ 1.1 and 5.7 xIO-‘~ cm3 molecule-’ s-l_ 
respectively. For BH,(A’B,(O.Z.O)). the collision-free liretime is 0.6 ps and the quenching rate cot-&ant for He is 3.8X iO-” 
cm’ mole.cule-’ s-‘. 

I_ Introduction 

The silylene radical, SiH2, has been expected to 
play one of the most important roles in the chemical 
vapor deposition (CVD) process to form hydrogenated 
amorphous silicon (a-Si:H) as this radical inserts in 
the Si-H bond on the surface and forms a new SiSi 
bond. In a previous paper [ 11, we reported the laser- 
induced fluorescence of the Sti, radical, and excita- 
tion spectra with tentative rotational assignments and 
a dispersed fluorescence spectrum were shown. The 
wavelengths of the vibronic transitions in the 550- 
650 run region, which correspond to the lBl(On’O) 
+ lA1(OOO) transition, agreed well with the values of 
the absorption measurements [2,3]. The dispersed 
fluorescence spectrum, ‘Bl(O$,O)+ lA,(O&O), 
also agreed with the hot band absorption [3] _ How- 
ever, the details of the rotational structure did not nec- 
essarily agree with the values obtained by Dubois 
[4] _ Nevertheless, the general agreement of the spec- 
tra and the observation of identical spectra from dif- 
ferent sources, the photolysis of phenylsilane and di- 
silane and the reaction of sikne with metastable argon, 
confirmed it to be fluorescence from the SiH2 radical. 

The reaction rate constants of the Stip radical 
have been obtained by co-pyrolysis and products 
analysis. John and Pumell [5] evaluated the rate con- 
stants of the following reactions from their co-pyro- 
lysis data of disilane and thermodynamical informa- 
tion: 
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SiH2+H2+SiH 4> (1) 

SiH2 + SiH, + SizH6 , (2) 

SiH2 + Si2H + Si3Hg _ (3) 

The rate constants (in cm3 molecule-l s-1) extrapo- 
lated to 300 K are 

kl = 2.0 X 10-16, k2 = 9.5-X lo-=, 

k3 = 6.1 X lo-l2 _ 

However, no direct measurement of the rate constants 
of the SiH, radical has yet been reported probably 
because of the mass-spectrometricaly poor detecti- 
vity of silicon hydrides. 

Here we report reaction rate constants of SiHz 
with Hz, SiH4, Si2Hg. CH4 and C2H4, and the colIi- 

sion-free lifetime of the SiH~(lB,) state. 

2. Experimental 

The photolysis and laser-induced fluorescence sys- 
tem was the same as before [6]. Silylene radicals were 
produced by photolysis of phenylsilane at 193 nm by 
an ArF excimer laser. The temporal change of silylene 
radical concentration was detected by a fluorescence 
intensity measurement excited at 580 nm with differ- 
ent delay times between the photolysis and probe 
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SM2 with SiH~(o) and SiaHe(o) u&g 0.3 mT0r-r of phenyl- 
dlane as a precursor for SiHII and He as a buffer gas (Ptot = 
1.0 Torr). The bimolecular rate constants obtained from the 
slope of the linear leaskquares fits are 1.1 X 10-l” and 5.7 
x 1O-‘o cm3 molecule-’ s-l forSiH4 and SizHG. respectively. 

3Ops, before 30 ps the observation was disturbed by 
luminescence caused by the photolysis laser. The ro- 
tational and vibrational distribution was therrnalized 
in 30~s and the laser-induced fluorescence intensity 
was proportional to the concentration of SiJ?i2(% lA,). 
So the removal rate constant obtained from fig. 2 is 
the reaction rate constant of SiH2(%1A1) reacting 
with SiH, or Si2H6. In fig. 3, the decay rates of SiH, 

are plotted against H2 partial pressure. The zero-pres- 
sure intercept ofthe reactant, about 80 ps, was mainly 
due to the flow of sample gas out of the viewing spot. 
All experiments were carried out with 0.3 + 0.05 
mTorr phenylsilane. The typical total pressure in the 
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Fig. 3. Plot of reaction rate of Siwz with H2 :kphenywe = 
0.3 mTorr, Ptot = 2.0 Tom. The bimolecular rate mnstant is 
(1.0 f 0.4) x 10-13 cm3 molecuk- s-l_ 

Table 1 
Raie cyxtants (cm3 molecuIe-1 s-l) for the reaction of 
SiH2(X1Ai) kompared to CH2(g1AI) at 298 I; 

Reactant SiHz 

z, 
(1.0*0.4) x 10-13 
(l.OiO.3) x 10-12 

C2H4 (9_7+1.2) x lo-” 
SiI-lq (1.1?0.2) x 10-10 
SisHs (5.720.2) x lo-” 
02 - 

a) Values from ref. [lo]. 

CH2(:‘AI) 

(i-3*0.1) x 10-10 a) 
(7.3*0.6) X lo-” a) 
- 
(2.4tO.4) x lo-” 

(3.0*0.4) x lo-” a) 

experiments was 1 Torr except for the experiment 
with hydrogen, for which a total pressure of 1.8 Torr 
was chosen because the rate constant was very small 
and a great amount of hydrogen was required to de- 
tect the acceleration of the decay of SiH,. A relatively 
small dynamic range of 20 was chosen for the decay 
measurement because the linearity of the experiment- 
al system was limited as the fluorescence lifetime at 
the pressure used was short; about 50 ns. The adjust- 
ment of the probe laser power to keep the fluor- 
escence intensity at an appropriate level makes the 
dynamic range of the observation wide but this rneth- 
od was not adapted in this case being afraid of the 
error caused by a limited dynamic range of laser power 
monitor, though a small correction for laser power 
fluctuations was made to the signal intensity. The 
reaction rate constants obtained are summerized in 
table 1 and the values of ICH, are tabulated for corn. 
parison [IO]. The disappearance rate constants of 
1CH2 with SiH, were obtained here; lCH2 was pro- 
duced by photolysis of ketene by a XeCl excimer laser 
(308 run). The removal rate constant of 1 CH2 by H2 
was also measured to check our experimental system 
and the agreement with ref. [lo] was within experi- 
mental error. 

4. Discussion 

The reaction rate constants of the SiH, radical 
with SiH, and Si2Hs were obtained to be very large. 
The reaction mechanism of SiH, with Sif-& is generally 
accepted to be insertion in the Si-H bond, and the 
product is the vibrationally excited Si2H6 molecule. 
The fragmentation into two SiH3 radicals is endother- 
mic [ 1 I] by 33 kcal rn01-~ if we use the AEf values of 
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SiH4,SiH3andSiH20f73 [11],49.1 [12] and57.9 of this serious discrepancy is not clear. 
kcal rn01~ [5], respectively, The reaction rate measurement of SiH, with 0, 

SiH, + sa4 + Si2Hi +2SiH3 . 

The rate constant of 1CH, with SiI-I, was close to be 
the value of JsMz, the mechanism of which is also 
insertion in the Si-H bond, 

CH, + SiH, + CH3SiH3 _ 

However,.their rate constants with molecular hy- 
drogen differ considerably from each other; ‘CH.2 
reacts more than one thousand times faster than SiH2. 
The removal rate of rCH2 includes both chemical 
reaction and the physical quenching to %H2 which 
lies 9.6-9.1 kcal mol-1 below the z lAl state. In 
contrast, the singlet state of SiH2 is the ground state 
and no physical quenching is involved in the removal 
process. However, the physical quenching of lCH2 by 
H2 is expected to be a very small part of the total re- 
moval rate, because it is twenty times larger than the 
value expected from the linear relation between the 
removal cross sections by M and E’$J (the potential 
energy well depth between pairs of M species) of non- 
reactive molecules [lo] _ 

was unsuccessful because intense chemiluminescence 
after the excimer irradiation to the phenyldlane and 
0, mixture disturbed the observation of fluorescence. 
The emission builds up immediately after the excimer 
irradiation with a time constant of 0.8 m and it is fol- 
lowed by a decay with a time constant of 2~~s at 200 
mTorr of oxygen, for example_ The predicted reac- 
tion is 

LX-I, + 02i SiO* + H20 _ 

The electronic energy that the SiO molecule can carry 
is 109 kcal mol-l, and the Z 3Z+, 6 311 and ;? 3a 
states can be populated, but the origin of the emis- 
sion was not studied further at the present stage. 
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Ab initio studies of the insertion of CH2 and 
SiI-I, in Hz have been reported by Gordon [ 131 and 
more recently by Grev and Schaefer [ 14]_ Their re- 
sults show that the insertion of CH, has no barrier, 
but the SiH, insertion in H, has a barrier of 7.1 
kcal mol-l. The H-H distance in the transition state 
of the Sil-I, + H, reaction, J -07 A, is closer to that of 
the hydrogen molecule, 0.733 A, than that of the 
silane molecule, 2.417 A, and a large strain in the 
transition state is expected_ No ab initio study of 
SiH2 or CT-I2 insertion in the Si-H bond is reported, 
but their large reaction rates can be reasonably ex- _ 
plained by the qualitative speculation of small strain 
in the transition state because the final Si-H bond 
length of SiH2 insertion, 3.16 A, is twice that of the 
initial Si-H bond length of SiH4.1.47 A, and that of 
lCH2 insertion, 2.53 A, is lengthened only 1.7 times. 
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