APPLIED PHYSICS LETTERS VOLUME 83, NUMBER 10 8 SEPTEMBER 2003

Kinetics of hydrogen atoms in high-density CF ,/H, plasmas studied
by (2+1)-photon laser-induced fluorescence spectroscopy
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We measured the distribution of absolute H atom density in high-density, low-pressupmaSmas

with the addition of H by (2+1)-photon laser-induced fluorescence spectroscopy. The H atom
density had hollow-shaped distributions, i.e., the H atom density adjacent to the chamber wall was
higher than that in the plasma column. In addition, when the chamber wall was covered with
hydrogenated fluorocarbon film, we detected H atoms without the addition of feedsjodihklse
experimental results indicate surface production of H atoms from hydrogenated fluorocarbon film.
The surface production rate was sensitive to the property of fluorocarbon film. When the property
of fluorocarbon film was unified, the surface production rate increased linearly with the pressure of
feedstock H, suggesting a recycling process of H atoms between gas phase and fluorocarbon film
as a mechanism of plasma—surface interaction ip/8E plasmas. ©2003 American Institute of
Physics. [DOI: 10.1063/1.1609244

The addition of H is widely used for controlling radical fixed at 5 mTorr with a flow rate of 4.4 ccm. The partial
densities in fluorocarbon plasmas used for the dry etching gfressure of B was varied by changing the flow rate. The
SiO, in the fabrication of semiconductor device3he ex-  electron density obtained at this discharge condition was
cessive F atom density, which reduces the etching selectivityoughly independent of the partial pressure gf, Find was
over Si, is avoided by the addition of,HThe reduction of (1.2£0.2)x10"?cm 3% Tunable laser pulses at wave-
the F atom density is obtained by a gas-phase reaction Engths of 243 and 486 nm yielded from an optical paramet-
+H,—HF+H and by the change in the surface loss rate offic oscillator were launched into plasmas from the radial di-
F atoms’ The densities of Cfradicals also change consid- rection. Hydrogen atoms at the groundsflstate were
erably by the addition of K1® We have shown that the varia- €Xcited to the & state by absorbing two photons at 243 nm.
tions of the CE, radical densities are attributed to the changeThe 2s state was excited to thep4state by the third photon

in the surface production rates of CFadicals from fluoro- ~ at 486 nm. The LIF emission at 486 nm(4-2s) was de-
carbon film deposited on the chamber wll. tected using a monochromator and a photomultiplier tube.

As has been just described, the kinetics of, G&dicals ~ The radial distribution of the H atom density was obtained

and F atoms in fluorocarbon plasmas with the addition of H Y changing the observation position of the LIF emission.
have been investigated intensively. However, no reliable di7he absolute H atom density was evaluated by comparing

agnostics on H atoms have been reported. It is known that € LIF émission from H with that from Xe at a known gas

atoms have a significant influence on the property of fluoroPressure. . .
carbon film. In addition, excessive H atoms may result in the 1€ measurements of the H atom density were carried

damage of Si materials. In the present work, we measuregUt after sufficient seasoning discharges. We employed two
the absolute H atom density in low-pressure high-densitfyP€S Of seasoning prchdur"e'ﬁhe first was the normal sea-
CF, plasmas with the addition of +by laser-induced fluo- soning procedure; sufficient seasoning discharge was applied

rescencdLIF) spectroscopy. We employed a2 )-photon at each H partial pressure. In this letter, this seasoning pro-

excitation technigue which uses two wavelengths at 243 angedure 's referre(; to an case 12' ?E th: otther gand.,t in the
486 nm® The spatial distribution of the absolute H atom seasoning procedure of “case =, the H atom density was

density was obtained by (21)-photon LIF. measured after sufﬁment seasoning discharges a pelrt
centage of 50%. This seasoning procedure made the property
The plasma source and the LIF system were the same a , . :
. : of fluorocarbon film on the chamber wall identical before
those used in a previous wotkThe plasma source was a
. : . . ) ... measurements at each, ldercentage. The measurement at
linear helicon-wave machine with a uniform magnetic field

of 1 kG. An 1f power of 1 KW was applied to a helical each H percentage was carried out rapidly to avoid the

. . change in the property of fluorocarbon film.
antenna wound around a discharge tube of 3 cm diameter. Figure 1 shows the history of the H atom density ob-

The rf power was pulse modulated with a repetition rate of 55erved during the seasoning procedure of case 1. Before

Hz_an(_j a duration of 10 ms. Because of the extt_arnal ma_gétarting the experiment, fluorocarbon film on the chamber
netic field and the slender discharge tube, a h|gh-den5|t§;vaII was removed sufficiently by using an,Q@lischarge.

plasma column of 3 cm diameter was localized at the centalith the cleaned chamber wall and no feedstock e
of the vacuum chamber. The pressure of feedstockW@dS  opserved no H atoms in the plasma. As shown in Fig. 1, after

changing the percentage o ltb 10% and 20%, the H atom
dElectronic mail: sasaki@nuee.nagoya-u.ac.jp density reached the steady-state value rapidly. In these con-
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FIG. 1. Temporal variation of the H atom density during the seasoning

procedure of case 1. The partial percentage pfsHndicated. FIG. 3. Relation between the H atom density and the partial pressurg of H

observed in the seasoning procedure of case 2.

ditions, the deposition rate of fluorocarbon film on the cham-

b I liaibly s When th i sized that we detected H atoms with no feedstogkirHthe
er wall was negligibly slow. en the,Hpercentage was seasoning procedure of case 2.

0 ) X
changed to 25%, we observed a slow increase in the H atom As shown in Fig. 3, in the seasoning procedure of case 2,

d_en5|ty for 100 min as shown in Fig. 1. During the S€asoniNgq 1 atom densities in the outside area were higher than
discharge at 25%, we observed the growth of fluorocarbol:LJhose in the plasma column at all the, dercentages. The

film on the chamber wall. radial distributions of the H atom density observed in the

dThe ?teady—lst_atehH ato_mlgenzlty aft]?r ‘ht‘? sea:cst(;nmg F:_%'easoning procedure of case 2 are shown in Fig. 4. The re-
cedure orcase 2 1S shown In F1g. £ as a function ot the partigy; , corresponding to the high-density plasma column is

pre?sureftohf bi'l The H Ttom degsnty V\?St measufrgd at ftheshown by the shaded area in Fig. 4, and the chamber wall is
center of the plasma column and at a distance ot © Cm WOy, .04 4t 5 distance of 10 cm from the center of the plasma

the ce’r;\:el_ri of the plflsma cfollugg/outsgz&f/thtﬁ plgsn;a C%I' column. As has been reported previousty, such hollow-
umn. 2 percentages o oan 0, the H atom en'shaped distributions are maintained stationarily by the pro-

sities atr=0cm andr=—8 cm were the same, |nd|cat|ng_ duction in the outside area and the loss in the plasma col-

]Ehat ﬂjl'eh ra_dlal dlstn_bu;[;]onl_?f :he g ato_[{n density V\{[as UM ymn. Because of the separation between the production and
orm. The increase in the H atom density at percentages areas, there is diffusion flux of H atoms from the outside

0 ) X
lower than 20% was proportional to the; Igartial pressure toward the plasma column. Considering the fact that we de-

(the dotted line in Fig. 2 On the other hand, the H atom tected H atoms with no feedstock, Hthe source of H atoms

densities at bl percentages of 25% and 50% were h|gher_in the outside area is reasonably considered to be hydroge-

than the_ aforemennoned_ trend, and the H atom densities IRated fluorocarbon film on the chamber wall.
the outside area were higher than those at the center of the According to these experimental results, it is known that

plaslm?hcolumn. . g . 2 the H atom d H atoms are produced by both gas-phase and surface pro-
_nthe seasoning procedure of case z, the H alom 0eNSkaggas The dominant gas-phase production process is elec-
ties were different from those observed in the seasoning PrGion impact dissociation H-e—H-+H+e. Since the elec-

cedure of case 1. Figure 3 is a similar plot to Fig. 2 for thetron density is independent of the idartial pressure, the rate

case o the seasoning p_rocedure O.f case 2. The H atom de&- this reaction is proportional to the density of feedstock
sity increased linearly with the partial pressure of. HHow-

. . ST H,, provided that the reduction of the,Hlensity due to
ever, the slope of the linear relationship in Fig. 3 was larger 2: P 2 y

oo i . A 2o di iation i ligible. Th tional relationship be-
than that in Fig. 2(The proportional relationship in Fig. 2 is ssociation 1s hegligible © proportional refationship be
represented in Fig. 3 by the dotted link.should be empha-
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FIG. 2. Relation between the H atom density and the partial pressurg of HFIG. 4. Radial distribution of the H atom density observed at variopys H

observed in the seasoning procedure of case 1. percentages. The seasoning procedure was case 2.
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tween the H atom density and the partial pressurecfitH,  density increased linearly with the,Hbressure. This experi-
percentages of 10% and 20% shown in Fig. 2 is explained bynental result suggests that the surface production rate has a
an assumption that electron impact dissociation gfigithe  form;

dominant production process of H atoms. Negligible surface Qs= Qg+ kan )
production of H atoms is supported by the uniform distribu- ST xS0 RS THy

tion of the H atom density. Considering the rate coefficient ofwhere Qg, and kg are constants. From E@), a recycling

1.5x 10" ° cm?/s for the aforementioned reactibithe slope process of H atoms is supposed as a mechanism of plasma—

of the proportional relationship corresponds to a lifetime ofsurface interaction in the GFH, plasma.

approximately 285us for H atoms. Finally, it is noted that the absolute H atom densities

The significant increase in the H atom density at gn H observed at high*25%) H, percentages are higher than

percentage of 25% in the seasoning procedure of case 1 &F, and F atom densities in the same plasfak.has been

attributed to the enhancement of surface production fronghown by the present work that H atoms are major species in

hydrogenated fluorocarbon film on the chamber wall. Wherfluorocarbon plasmas with the addition of H

both the gas-phase and surface productions are present, the H

atom density’]H is determined by a simp'e balance equation; The authors would like to express their gratitude to the
late Professor Kiyoshi Kadota for his guidance in the present

2kpNi,Ne— K NKNe+ Qs=0, work, and pray for the repose of his soul.

where Ny, and n, are the densities of Hand electron, re-

spectively,kp is the rate coefficient for ft-e—H+H+e, ) . _
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