45

R 88-25-7-5

A Study on Nucleation, Growth and Shrinkage of
Oxidation Induced Stacking Faults (OSF)

—Part 1 : Nucleation and Thermal Behavior of Oxidation

Induced Stacking Faults (OSF)
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Abstract

The effect of heat treatment in oxygen ambient on the nucleation and growth of oxidation
induced stacking faults (OSF) in n-type (100)silicon wafer has been investigated. The growth of
OSF is determind as a function of oxygen concentration in silicon wafer, heat treatment time and
temperature, and the activation energy for the growth of OSF can be obtained from the growth
kinetics. The activation energies are respectively 2.66 eV for dry oxidation and 2.37 eV for wet
oxidation. In this paper, we have also studied the structural feature of OSF with the comparison
of optical microscopic morphology and crystalline structure.

I. Introduction
*ERA, BER SN LU HERE
(Semicond. Materials Lab., KAIST) Great advances in silicon industries are to be
EZH7F . 1988F 28 100 possible due to the development of VLSI tech-

(759)



46 19884

nology, which demands precise control of
physical, chemical and electrical properties of
silicon material. This is because the state of
crystalline perfection affects device performance.
Now, the silicon wafer manufacturing technology
has been improved over past decades, conven-
tional defects, such as dislocations, twins and
other large defects, have become greatly reduced.
However, microdefects, which are inevitably
induced during crystal growth and process
induced defects, which are generated during
sequential device fabrication processes and
potential defect nuclei, still remain as the focus of
intensive research [1-11]. Particularly, since OSF
is known to be nucleated from the grown-in
microdefects introduced during CZ growth and it
grows due to the processing such as oxidation and
diffusion, many authors have reported the the-
oritical analysis and experimental results of OSF
for several years [2], [6], [8], [12-19].

In this paper, we have discussed not only the
growth kinetics of OSF but also the morphological
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features of the defect.
. Experimental

We have grown (100) orientation, phosphorus
doped silicon ingots by CZ method. The range of
resistivity of this ingots is 2 to 4 ohm-cm. Wafers
of 500 um thickness, were cut out from the three
different portions of each ingot such as seed,
body and tail. These wafers were appled and
polished with the chemo-mechanical method.
After that, the final thickness of all wafers was

390 um * 5 um.

In order to determine the influence of
oxygen concentration on the OSF, all samples
obtained from each portion of the same ingot were
checked by FTIR measurement. The nucleation
and growth of OSF were studied according to the
heat treatment procedures, as seen in Table 1.
Morphology and structure of OSF were in-
vestigated with Nomarski interference microscope
and SEM.
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1050 1-5 variable
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950-1200 | varible 5000

Fig.1. Experimental producedures.

(760)



A Study on Nucleation, Growth and Shrinkage of Oxidation Induced Stacking Faults (OSF)

. Results and Discussion
1. Morphology and structure of OSF

It is well known that the observation of OSF is
done with TEM, which needs a extremly hard
work for sample preparation [9].[15]. However,
in this paper, we observed morphology and
structure of OSF only with Nomarski interference
microscope, the careful chemical etching method,
and X-ray measurement. Chemical etchant was
the conventional Wright solution [20-211, but we
added 5 gms of silicon piece into 100cc solution
and used it after one day in order to reduce the
activity of the solution[22].

Fig.2 shows that OSF is in the (111) planes and
these (111) planes intersect the surface of (100)
Si wafer along the [110] direction. -In this
picture, we can find clearly two etch pit disloc-
ations occurred at the edge of OSF. This fact
indicates that, as Friedel [23-24] have suggested,
a jog occurs due to two dislocation intersection

1108) surface

’ X,

<100> etch pit
-

Fig.2. (a) Micrograiph of OSF on (100) silicon
surface.

(b) Micrograph of OSF on (111) silicon
surface.
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in the fcc lattice and it splits into partial disloc-
ations such as a Frank and a Shockley partial.
As these extended jogs, the Shockley partial,
move away from the Frank, the immobility of the
Frank forces the motion of dislocation to be non-
conservative. Therefore, the Frank partial
dislocation trails behind the moving dislocation
line. We can understand the above fact after
investigating Fig. 3, which shows that fault is

Fig.3. (a) Sequential micrographs of OSF
representing the frank partial disloc-
ation loop.

(b) Scanning electron micrograph of .OSF
representing 3-D structure.
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bounded by the Frank partial edge dislocation of
1/3<111>type. This is revealed by step pre-
ferential etching, X-ray Laue differaction measure-
ment, and Nomarski interference microscope. The
nail-tip-like shape shows the (100) plane and the
edge of the round shape is 1/3 < 111 > type
dislocation loop. After step etching, the dis-
location loop apparently appeared.

2. Nucleation of OSF

We have tried to establish a correlation between
the nucleation of OSF and the interstitial oxygen
concentration. Radial and axial concentrations of
oxygen are measured by FTIR spectrometer (QS
100 digilab.). the axial distribution of oxygen
concentration and OSF density from the three
different portions of ingot are summarized in
Fig.4. 1t is found that while the distribution of
oxygen concentration gets generally lower toward
the body part due to the oxygen segregation
effect[25], oxygen concentration of the tail part
is higher than that of the body part because
oxygen is believed to be continuously dissolved
from the quartz crucible during the crystal
growth([25]. As the result of the oxygen
concentration distribution, the - distribution of
OSF density also shows the same tendency. Like
the interstitial oxygen atoms, microdefects and
mechanical damages are also known to act as the
nucleation sites for OSF. Especially, we paid a
great attention to the role of micrpdefects in the
formation of OSF in this study. In this experi-
ment, particularly, it is to confirm that OSF is
originated from microdefect. Several wafers
selected from the tail part of a ingot are heat
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Fig4. Relation of OSF density vs oxygen con-
centration.
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treated to generate microdefects in the N,
ambient at 1100 C for 2 hrs, which is followed
by Wright etching. .It is observed that microde-
fects are widly distributed across the whole wafer.
Its density is very high and their sizes are in the
submicron range. These samples are oxidized
again in the O, ambient at 1100 C for 2 hrs.
Micrographs in Fig.5 show that many OSFs are
generated in the sample wafers.

Micrographs in Fig.6 show that OSFs are also
generated either from the damages induced by the
rough polishing process or along the scratch line
that is intentionally drawn on the fine polished
wafer surface. These kinds of OSF can be easily
distinguished in the microdefects.

3. Growth of OSF

The growth of OSF occurs during the thermal
oxidation of OSF. It is well known that silicon
self-interstitials are generated the Si-SiO, interface
as the result of incomplete half cell reaction in-
volving silicon and oxygen during oxidation
process[11-14},[16-17],[19]. These silicon inter-
stitials produce an extra plane of atoms between
the closely packed (111) planes[12-13],[15],[17],
[19]. There are also many other models available
to explain the growth mechanism of OSF[12-13],
[171,[19],[24]. In this paper, however, we
propose that the growth mechanism of OSF can
be explained as the function of such parameters
as concentration of interstitials, activation energy
of the growth, oxygen partial pressure, oxidation
time, and behavior of partial dislocation.

According to Leroy[17], if Ci, the concentr-
ation of silicon interstitials at a distance r from
the partial dislocation established the fault line
exceeds Cio, the concentration of silicon interstitials,
which is inside of Burgers vector, OSF grows due
to the absorption of silicon interstitials during
the motion of partial dislocation. Therefore, when

ci > Cio, the change in the length of OSF L per
oxidation time t is:

exp (-H/kT) 1

C.
dL/dt =k, . lo

G

Where k, depends on the reaction of partial
dislocations and the oxygen partial pressure, H is
the sum of the enthalpy of interstitial migration
and that of interstitial formation Ci/Cio will vary
with oxidation time and oxygen partial pressure.
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Fig.5. (a) Micrograph of OSF observed in the
tail part of the ingot.
(b) Sequential micrographs of OSF
representing the growth of OSF.
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Fig.6. (a) Micrograph of OSF generated on the
rough polished slicon surface.
(b) Micrograph of OSF generated on the
scratch lines.

Ci/CiO can be written by the mass action law and
Muraka’s result[13] as following:

m

CifCi” =k, . t™ . p. exp (HYKT) 2)
Where k,, p and m depend on the oxygen partial
pressure and the reaction of the Si-Si0O, interface,
HS is the enthalpy for activating interstital gener-
ation. After substituting Eq.(2) into Eq.(1), the

integration of Eq.(1) gives Eq.(3)
k1 .k2 P

e ™1 exp ((H + HY/KT) (3)

Equation (3) can be simplified as Eq.(4)

L=k’.t" p.exp(-Q/k T) 4)

Where k' is k;-k,/1 +m, n equalsto (1+m) and Q
is the activation energy for the growth of OSF,
Empirically, we try to find the values of n and Q.
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When oxygen partial pressure, oxidation temper-
ature, and wafer orientation are fixed and only
oxidation time is extended from 30 to 300 mins,
n is calculated from Eq.(5)
t" (5)
Fig.7 shows thatn is 0.81 in dry oxidation case
and 0.67 in wet oxidation. Upon substituting
these values into Eq.(4), the activation energy Q is
also calculated from the Arrhenius relationship of
growth and temperature, which is shown in Fig.8.
The relationship can be obtained from Egq. (6),
which is derived from Eq.(4), oxidation time,
oxygen partial pressure and oxide thickness are
fixed.

L/t"=exp (-Q/kT) (6)
In dry oxidation case, the activation energy for the
growth of OSF is 2.66 eV and for the wet oxid-
ation case, the value is 2.37 eV. These values are
similar to the results reported by other authors
[12],[17],[19].

IV. Conclusion

We can ascertain that the morphology and
structure of OSF are characterized by the careful
Wright etching method. In the optical microscopic
pictures, the dislocation intersection and the
stacking faults established by Frank partial
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Fig.7. Relation of OSF lengh vs annealing time in
both dry oxid. and wet oxidation.
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Fig.8. Arrhenius relation of OSF lengh per time
vs reciprocal temperature.

dislocation are clearly revealed. There is some
correlation between the interstitial oxygen con-
centration and the nucleation of OSF. Moreover,
it is found that OSF is originated from the grown-in
microdefects and the mechanical damages induced
during wafering process. The activation energy for
the growth of OSF is 2.66 eV in dry and 2.37 eV
in wet oxidation case.
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