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The effect of deposited Si3Na fiIms on point defects during annealing has been studied by monoenergetic

positron-bea.rn technique. Its effect on diffwion of boron has also been studied. During annealing, vacancy

supersaturation is observed and diftrsion of boron is retarded in FZ-Si under SiaNq fflms compared to rrnder

double-layered SiOz-SfuN4 fflrns. These results indicate that boron difrases predominantly by interactions

with not vacancies, but self-interstitials.

L Introduction
It has been recognized that dopant diffusion in

silicon is assisted by both self-interstitials and va-

cancies, and that boron diffuses predominantly by
interactions with self-interstitiahlrl. However,.it
w&s recently proposed by Van Vechten et al.t2l

that self-interstitials played no role in thermal
process in Si and all dopants diffused by inter-
actions with only vacancies. It is necessary to
clarify directly the role of point defects on impu-
rity diffusion in Si.

The positron annihilation technique has be-

come an established tool in the study of vacancy-

type defects in metals and semiconductors. The
mea,surements of S parameter as a function of in-
cident positron energy can provide the depth dis-

tributions of vaca,ncy-type defects.
In the present paper, we have investigated the

effect of stress in deposited SisNa films on boron
diffusion a,nd point defects in FZ-Si by SIMS and

monoenergetic positron-beam technique.

2 Experimental Procedure

The used substrates were p-type (100) FZ-Si
wafers with resistivities of 3-5Qcm. Samples were

oxidized at 1000oC in dry 02 for 60min. This
permitted growth of 50nm thickness of SiO2 films.
Boron ions implanted into the wa,fers through SiO2

with a dose of 7.5 X L}rs f cm2 at 70keV. Samples

were annealed at 900 or 950"C in N2 for 30min to
remove the implantation damage. After remol ing

SiOz films selectivelj, Si3Na films were deposited

on the samples by ECR plasma CVD at 100"C

using SiH4 and Nz as sources. Thickness of SieN+

films was 50nm. The area masked with double-

layered SiOz-SiaNa films (ON-area) *d the a,rea

directly masked with Si3Na films (N-area) were

formed. The bottom side of samples was masked

with SiOz-SieNa films.
Annealing was performed in N2 at tempera-

tures ranging from 900 to 1141"C for times vary-
ing from 60 to 600min. After etching SiOz and
SisNa films, boron profiles were measured by us-

ing SIMS(ATOMIKA 6500). The diffusion co-

efrcients of boron in Si were determined by fit-
ting measured profiles with simulated profiles ob-
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tained by solving Fick's diffusion equation.
The depth distributions of vacancy-type de-

fects were measured using the monoenergetic
positron beam line installed at the University of
Tsukuba. Doppler-boardening profiles of annihi
lation radiation were measured by r Ge detec-
tor as a function of incident positron enerry The
spectrum with a total count of 106 w&s mea,sured

for each incident positron energ'y. The annihila-
tion spectrum was characterized by S parameter,
where the central region of the spectrum was de-
fined from 510.5 to 511.5keV.

3 Results and Discussion
Figure 1 shows the boron cencentration pro-

files by SIMS for samples diffused for 300min at
1014'C in N2. Boron diffusion under N-area is re-
tarded compared to that under ON-area. Figure
2 shows boron diffusion coefficients of samples as

a function of diffusion time at 1014'C. Almost in-
dependent of annealing time, diffusion of boron
in Si under N-area is retarded compared to that
under ON-area.
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FiS. 1: Comparison of B profiles under N-
area and ON-area experimentally obtained from
SIMS analysis are presented. The corresponding
360min annealing temperature is 1014.C. Dashed
line is initial profile.

S parameters of samples for both N-area and
ON-area diffused for 360min at l0B6"C in N2 are
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Fig. 2: Diffusion coefficients under N-area and
ON-area as a function of diffusion time at 1014"C.

shown in Fig.3 as a function of incident positron
energy. Positron energy can be converted to the
mean implir,ntation depth of positrons as shown in
the figurelJl'[4]. At high E (E> bkeV), the values
of S a^re found to be a constant value. The values
of S at low E (E<5keV) are found to be smaller
than the constant value of S. The small value of
S at low E can be_attributed to the positron state
at the surface[5]-17]. The average values of S were
calculated using values of S at high E (E>bkeV)
in order to exclude the influence of the region near
the surface of the substrates. Thus obtained val-
ues correspond to the positron annihilation in the
region where boron atoms diffuse. Figure 4 shows
the ratio of the average values of S under N-area,
Sor"., to the average values of S under ON-area,
Sou..'"f , as a function of diffusion time at L0B6"C.
Most Soo../Sor".tul values a,re greater than 1 and
become bigger as diffusion time becomes longer.

These results indicate that the vacancy con-
centration under N-area is greater than that un-
der ON-area and that it increases with the in-
crease of difusion time.

Since boron diffusion is performed via equilib-
rium concentration of point defects in ON-area,
it is destinct that there is supersaturation of va-
cancy concentration under N-area where boron
diffusion is retarded. Therefore, boron difuses by
interactions with not vacancies but self-interstitials.
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Fig. 3: The Doppler broadened parameter S un-
der N-area and ON-area for the samples diffused
for 360min at 1014'C as a function of incident
positron energy.
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Fig. 4: Sor"../So, ".'"f as a function of diffusion
time at 1036"C.

4 Conclusion
The effect of stress in deposited SisNa films on

point defects has been studied by monoenergetic
positron-beam technique during annealing. Iti ef-
fect on diffusion of boron has also been studied.
During annealing, there is supersaturation of va-
cancies and diffusion of boron is retarded in FZ-
Si under SieNa.films. These results indicate that
boron'diffuses by interactions with not vacancies,
but self-interstitials.
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