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Analysis of dissociative excitation reactions of CH;CN
with the ECR plasmasof Ar and He
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The dissociative excitation reactions of {LHN with the electron-cyclotron resonance (ECR) iplas of Ar
and He were studied based on the electrostaticepnasurements and on the optical emission spefctra
the CN(B'Z*-X?z*) transition. The density and the temperature @é felectrons and the CN{B-X?")
emission intensity in these plasmas are varieddolyng trace amount of J@. Based on a kinetic analysis,
the decomposition of C}€N proceeds, predominantlyia the electron impact in the Ar plasma arnd
the electron impact and/or the ion-electron recoation in the He plasma. These results are fourizkto
consistent with the evaluation of the number dersiof CN(BZ") using the steady-state method. In
addition, the compositional analysis of hydrogedaienorphous carbon nitride (a-€N) films prepared
by the decomposition of GEN in the ECR plasmas of Ar and He were carried giglding the
[NJ/(IN]+[C]) ratios of 0.22 and 0.25, respectively

1. Introduction mTorr) was introduced through a desiccantOgp.

The dissociative excitation reactions of Ol Then, microwaves (2.45 GHz, 70 W) were
with microwave discharge of rare gass flows haveintroduced into the chamber. ,® molecules
been known to produce CN radicals with high adsorbed on the wall of the chamber were removed
efficiency, and strong emission spectra of theby discharging Ar or He for 2 h. GAN (1 mTorr)
CN(B*z*-X?%") transition have been observed [1]. was introduced through,®s. H,O (0-0.6 mTorr)
We have applied these reactions to the synthesis ofas introduced into the flow of GEN.
hydrogenated amorphous carbon nitr{deCN:H) The |-V characteristics were measured using the
thin films [2]. electrostatic-probe method to evaluate the density,

In the present study, the dissociative excitationne, and the temperatur&,, of electrons. The optical
mechanisms of CKN in the electron-cyclotron emission spectra of the CN{B-X’") transition
resonance (ECR) plasmas of Ar and He werewere measured.
studied based on the electrostatic-probe Films of a-CN:H were formed for the Ar and He
measurements and on the optical emission spectrglasmas. In this experiment, the partial pressures
of the CN(BZ"-X?3") transition. of Ar or He and CHCN were 3 and 1 mTorr,

First, the dependencies of the CREB-X*:*) respectively, where ¥ was not introduced. The
emission intensity and the electron-energyatomic composition was obtained using X-ray
distribution on the pressure of,® added to the photoelectron spectroscopy (XPS). Films deposited
ECR plasma flows of Ar and He were analyzed.onto Si substrates of7 mnf were used as the
Second, the formation rates of CNEB) state were ~ samples, for which the XPS measurements were
evaluated by using the rate constants for thecarried out under the condition of 2.0x1CPa
relevant reactions of the other molecules. Based1.5x107° Torr) using a Mgk source.
on these results, the dissociative excitation
processes of C}EN to produce the CN@E") state 3. Resultsand discussion

were clarified. In addition, a-CMNH films were The relative value of the emission intensity,
deposited, and a compositional analysis of thesef the CN(BX'-X’r") transition was plotted
films was carried out. againstPy,0 as shown by circles in Figs.1(a) and

1(b) for Ar and He, respectively. The electron
2. Experiments density with the specific kinetic enerdy(E.),

The ECR plasma CVD apparatus was used. After
the chamber was evacuated £1rr, Ar or He (2 N,(E,) =2n,(E./ 2)"*(KT.) *?exd-E,/KT.) (1)



was evaluated fromn. and T.. The emission
intensity of the CN(BZ*-X?x") transition, I, and
Iree @ssuming the impact of high energy electrons
and the charge transfer followed by the ion-elexctro
recombination are expressed, respectively, as
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Egs. (2) and (3) were evaluated numerically and
normalized atP4,0=0 mTorr, and the results are
shown by triangles and squares, respectively, in
Figs.1(a) and 1(b). As shown in Fig.1(a), the
observed values of the Ar plasma are in good
agreement with the evaluations assuming electron
impact. Therefore, the dominant process of
production of CN(BZ") radicals is the electron
impact in the ECR plasma of Ar. On the other hand,
the two processes can not be distinguished in the
case of He. In order to confirm the above findings,
the number densities of CN{B) assuming
electron impact and the ion-electron recombination,
Ng and ngee Were evaluated by the steady-state
method. Table 1 lists th&, andnge: values for the
Ar and He plasmas. Thg, value for Ar was about
three times larger thange. In the case of the He
plasma,ng and nkec Were almost identical. These
evaluations are consistent with the conclusion
derived from Figs. 1(a) and 1(b).

Table 2 shows the compositional analysis of
a-CN:H films prepared by the decomposition of
CH:CN in the ECR plasmas of Ar and He, from
which the [N]/([N]+[C]) ratios yielded to be 0.22
and 0.25, respectively. C and N atoms may
originate in the starting material as expected. O
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Fig.1 P20 dependencies of emission intensities

Table 1 The number densities of CN(B)
(in units of 18 m?)

Ng NRec
Ar 7.41 2.58
He 6.39 5.96

Table 2 Compositional analysis of a-CNl film
prepared in the Ar and He plasmas.

atoms are presumably due to the atmosphesi@ H

molecules adsorbed during the waiting time C [at%] N [at%] O [at%] [N]/([N]+[C])
(several days) of the XPS measurement. Ar 72.7 20.1 7.3 0.22
: He 644 21.0 14.6 0.25
4. Conclusion
In the present study, the mechanism of
dissociative excitation of CJ N to produce
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