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In order to make quantitative investigations of plasmas [or thin (ilm
processing, we need” information on radicals in clectronic ground states
in  plasmas  which give important contribution Lo thin [iim processing

i1though a laser induced {luorescence method (LIF) has been nsed most

videlv among lascr spectroscepic techniques,  LIF cannot be applied Lo
Sills. CF,y and CH, which do not have visible spectra
fe developed a radical measurcement method with combining 1RLAS and a
discharge modulation technique, and succeeded 1n measuring the Sill. and
Sifl radicals in DC puilsed, RF and ECR sitane plasmas, (he Cl, radical in
RI' methane plaswma, and the CF;. CF, and CF radicals in RF  and ECR CHF,
plasmas for the first time {17. Although the SiH,, CF, and Cil, radicals
have been assumed to play important roles in plasma processing., their in
silu measurements in plasmas have never been made. This IRILAS was shown
to be a widely used speclroscopic method which 14 applicable Lo various
radicals 1n plasmas
The TRLAS is usceful as a radical measurement method in plasma having
the following merits.
(1) The disturbance of the systlem to be measured is verv little becausce
IR laser of low power is usced as a light source.
(2) The radical donsity in plasma can be determined directly  from the
ratin of the laser intensities with and without absorption.
f3 Many kinds of radycals with IR spectra can be measured
The radicals composed of two or more atoms have [R spectra generally
hut do not alwavs have visible spectira. The typical cexamples are Sills,
CHy and OV The TRLAS is  only one measurement method of those radical
densities an plasmas at present.

Table | shows the ovuiline of  the radical measurements in plasmas for

thin {ilm processing using [RLAS.

The measorement method of  the Silt: and Sill radicals for amorphous Si

thin [idm  was established and ftheir density measurements were already

made 1n RE plasma and recently also 1o BOR plasma.



Table 1 Outline of radical measurcements in plasmas for Lhin
film processing vsing [RLAS.

Molecule | Radical Band( u m) Plasma
S i H. S i, U o (15) P, RF
Vo {15) I CR
S i1 H v=0-1 C 5) P, RF
CH, CHa, v o, (16) R F
Vo (i6) HEF
C I" 4 ¢(_“ F 2 Vo (9) I{ l“
CF v0-1 (8 RF. P
CHIFEF, CI, Vs (8 R T
3 (8> ECR
CF, vy (9) R F
Yo (9) ECR
CcF v=0-1 (8) R ¥
v=0-1 (8) L CR
p : DC puised plasma IIF 5 20 klz plasma
RF : 13.56 Wiz plasna

ECR : 2.45 Gliz clectron cyeclotron resonance plasma

In the RF Cl, plasma for diamond thin (ilm, the measvrements of the

Cll, radical density has been made. This CH, radical was also by other
groups.
In the RI' CF, plasma, the CF, and CF radicals were measured. In the

Ch¥, pltasma., the CFa., CF, and CF radical densities were measured and
their behaviors were investigated in the RV plasma and also in the ECR
plasma.

The details of the radical measurement method by [RLAS and typical

measurced results will be given in the presentation.
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