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Doping Control in LPCYD in-situ Boron Doped Polysilicon
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In order to forn boron-doped poly-Si with sufficiently low resistivity,
low-pressure CVD of in-situ boron-doped silicon films has been investigated
with the idea of first depositing anorphous Si containing high concentration
of boron atoms and then annealing. A low resistivity of 1.7 nQ.cm was attained
when anorphous Si was deposited at 350"C using a Si2H6/BrH5 mixture and annealed
at 600'C.- In addition to this, a conformal deposition profile and uniform
boron concentration was also achieved in films deposited on many wafers loaded
in a batch-type reactor, by a result of the deposition being controlled by the
surface reaction at the low tenperature of around 35O'C,

1. INTRODUCTION
In situ boron-doped poly Si is a useful

material for a gate electrode and an inter-
connection of ULSI devices since it is con-
patible with low-tenperature processes.
However, use of conventional in-situ boron
Coped poly-Sil also entails several problens,
for example, its resistivity is not suffi-
ciently low, and there is a J-arge distribu-
tion in boron concentration among wafers
loaded in a batch-type reactor. The scatter
in boron concentration is thought to be
caused by linitation of the process due to
transport of gas nolecules onto the substrate
surface.

Low-temperature annealing of doped amor-
phous Si filn has been proposed as a nethod
of forming phosphorous- and antinony-doped
poly-Si with low resistivity.z-3 This in-
proves not only resistivity but also the
distribution of boron concentration, if the
deposition temperature is reduced to the
point where deposition is not linited by mass
transfer, but rather by the surface reaction.

This paper reports the deposition charac-
teristics of amorphous Si enploying SirH6/BrH5
nixture and the effects of annealing on its
electrical properties.

2. E)(PERII'IENTAL
The experiments lrrere carried out using a

vertical hot-walI reactor. A mixture of Si2H6
and BrHe $O"l in He) was used as the source
gas with a B2H6/Si2H6 gas ratio of 2 x 1O-2

since this mix gives a nuch greater deposi-
tion rate than SiHa/B2H5, according to a
preliminary experinent. A Si substrate

covered with a 100 nn-thick Si02 film was
placed in the reactor. Ttte substrate ten-
perature and gas pressure were 350'C and 0.1
Torr, respectively. The filn thickness and
boron concentration were neasured using a
reflectometer and SIMS, respectively. Fur-
thermore, the resistivity and Hall nobility
of the Si films hrere neasured by Van der Pauw
method.

3. RESULTS Af'lD DISCUSSION
3.1 Deposition Characteristics

Figure 1 shows the variation in depo-
sition rate with the substrate tenperature.
The deposition rate saturated at temperatures
above 500"C and decreased monotonously with
the reciprocal tenperature below 500'C.
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Fig. 1 Growth rate as a function of sub-
strate temperature with the Si2H6/B2H6 nix-
ture.
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Fig. 2 SEM photo-
graph of a trench
partially filled
with boron doped
silicon film de-
posited from SirH5/
BrHe nixture at
350"C.

Above 500'C, it can be considered that depo-
sition is linited by the transport of gas
nolecules to the substrate surface, while it
is controlled by the surface reaction below
500"c.

Figure 2 shows the profile deposited on
a substrate fabricated with a trench 1.0
micron nride and 2.! microns deep. Deposition
was carried out at 350"C after growing ther-
na1 oxide for the purpose of decoration. If
deposition is limited by nass transport, the
filn thickness at the trench bottom would be
thinner than that at the top surface because
of the shadowing effect of the trench top.
However, the filn has a uniforn thickness
fron the top to the trench botton. This
indicates that the filn deposition process is
not linited bV mass transfer, but is con-
trolled instead by the surface reaction.

Next, the structure of the deposited filn
was analyzed using X-ray diffraction. It was
found out that the film deposited at 520'C is
polycrystalline with (110) preferred orienta-
tion, whj.le the filn deposited at 350'C is
amorphous. Consequently 350"C is suitable
for deposition of anorphous Si under surface
reaction controlling conditions.

3.2 Boron Concentration
The boron concentration in the filn was

measured using SIMS. Figure 3 shows the
variation in boron concentration as a func-
tion of deposition tenperature. The boron
concentration in the filn was independent of
deposition temperature and ltas nuch higher
than the solubility linit for boron in Si
even at low temperatures such as 350"C.

It was reported that the addition of BrH5

enhanced the decomposition of Si2H6 to give
the high deposition rate.a Actually, no film
was deposited using a SirH5 alone at 350"C in
this study. This fact suggests that BrH5 is
not merely incorporated in the film, but
reacts with SiaH6 nolecule on the surface to
enhance the decomposition of SirH5. The
nunber of boron atoms incorporated in the
filn is determined by the stoichiometry of
this reaction. Therefore, the boron concen-
tration is considered to be independent on
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Fig. 3 The variation in boron concentration
as a function of substrate tenperature.
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Fig. 4 The distributions in boron concentra-
tion and growth rate anong wafers in a reac-
tor at deposition tenperatures of 52O"C and
350'C.

the substrate temperature.
Figure 4 shows the distribution of depo-

sition rate and boron concentration €unong
wafers loaded in a reactor. The gas flowed
from left to right in the figure. The depo-
sition rate and boron concentration decreased
between the inl-et and outlet at 52O" C. The
a.mount of source gas nolecules decreased with
inlet to outlet because of consumption in
deposition, since deposition was limited by
the mass transport. 0n the other hand, a
uniform deposition rate and boron concentra-
tion was achieved at 350"C, because the
process ldas controlled by the surface reac-
tion. The wafer to wafer unifornity in boron
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concentration over a 100-wafer load was in
the xIO'/" range.

3.3 Effects of Annealing on Film Structure
and Electrical Properti.es

Films deposited at 350"C were annealed at
several temperatures in a.Nz anbient for 50
minutes. The change in film structure was
analyzed by X-ray diffraction and plane TEM.
No specific signal were observed in the X-ray
diffraction spectrum of films annealed at
500'C, indicating that the film r{ras still
amorphous. However, crystallization rdas
observed when the film lvas annealed at 600"C.
Figure 5 is a plane TEM photograph of fiIm.
It shoul-d be surpriFing that the grain grev,
to 3 4 FD, which is 5 or 6 times larger
than that of conventional boron doped poly-
Si. The grain size grew slightly larger with
annealing above 500'C. It can be considered
that reduced generation of nucleation center
j-n anorphous Si leads to this large grain, as
previously reported.3

The electrical properties were measured
next. Figure 6 shows how the resistivity of
the film varies with annealing tenperature.
The resistivity of the as-deposited film was
t}z Q'cm. This value remained unchanged if
the filn r4ras annealed below 500"C, because
crystallization did not occur up to 500'C as
described above. However, annealing at 600'C
resulted in a drastic decrease in resistivity
to 1.7 mQ.cm, which is about t/3 L/Z the
value for conventional boron doped poly-Si.
It should be noted that this low resistivity
film hras obtained at 1ow temperature of
500'C. At temperatures above 600"C, the
resistivity increased slightly with annealing
temperature.

The carrier concentration and HalI mobil-
ity were measured using the Van der pauw
method in order to clarify the reason of low
resistivity. Carrier concentration in the
filn annealed at 6OO'C was Z x 1020 co-3,
which was much higher than solubility limit
of boron in Si in thermo-equilibriun at
600'C. This is evidence that the poly Si
supersaturated with boron. 0n the other
hand, the HaIl mobility in the film annealed

Fig. 5 TEM photo-
graph showing the
grain structure of
boron-doped poly-
silicon annealed at
600'C for 60 ninutes.
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Fig. 5 Resistivity as a function of anneal-
ing tenperature, this filn was deposited
using Si2H6,/82H6 at 350'C.

at 6OO'C hras t6 cm2.V-1.s-1, which hras twice
larger than that of the conventional boron
doped poly-Si filns. It is considered that
the filn consisted of the large grain brings
about this higher nobility. Consequently 1ow
resistivity is realized by both the high
carnier concentration and higher nobility.

ST]IIIITARY

The formation of in-situ boron-doped
poly-Si has been studied using in two stages
consisting of amorphous Si deposition and
subsequent annealing. The annealing of the
amorphous Si containing boron atoms at. abo.,re
the solubility linit increases the grain size
5 or 6 times, leading to a sufficiently loro
resistivity of 7.7 mO.cm. In addition, a
uniforn boron concentration lras achieved,
since the deposition process was controlled
by the surface reaction at 350'C.
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