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As device dimensions continue to be scaled, incorporation of silicon-on-insulator 共SOI兲 as
mainstream complementary metal–oxide–semiconductor technology also increases. This
experiment set out to further investigate the effect of the surface Si/buried oxide 共BOX兲 interface on
the formation and dissolution of extended defects in SOI. UNIBOND® wafers were thinned to 300,
700, and 1600 Å. Si⫹ ion implantation was performed from 5 to 40 keV with a constant,
nonamorphizing dose of 2⫻1014 cm⫺2 . Inert ambient furnace anneals were performed at 750 °C for
times of 5 min up to 8 h. Transmission electron microscopy was used to study the evolution of
extended defects, as well as to quantify the number of trapped interstitials. It is observed that the
surface Si/BOX interface does not enhance the dissolution rate of extended defects unless ⭓15% of
the dose is truncated by the BOX. Further, no reduction in the trapped interstitial concentration is
seen unless ⭓6% of the dose is truncated. It is concluded that the surface Si/BOX interface does not
serve as a significant sink for interstitial recombination, as long as the interstitial profile is mostly
confined to the surface Si layer. © 2002 American Vacuum Society. 关DOI: 10.1116/1.1517410兴
I. INTRODUCTION
Silicon-on-insulator 共SOI兲 possesses a number of inherent
advantages over traditional bulk silicon-based microelectronics. These include the elimination of latch up, improved radiation hardness, low-power consumption, and higher operating temperatures.1 Only recently has SOI become an
affordable option, as the yield and quality of SOI wafers has
improved.2 In order to scale SOI devices in the future, the
diffusion phenomena that take place must be understood so
that process simulators can be updated. In this study, the
effect of the surface Si/buried oxide 共BOX兲 interface on extended defect evolution is further examined at 10 and 40 keV
implant energies.3
Dopant diffusion in SOI has previously been shown to be
quite different from that of bulk silicon.4 –7 Pileup of boron at
the surface Si/BOX interface has been observed,4,6 but is
strongly influenced by the implant energy.4 However, dopants such as phosphorus exhibit depletion at the interface.4
The mechanism by which the presence of the buried oxide
affects the diffusion has yet to be determined. Transientenhanced diffusion 共TED兲 is one of the main challenges affecting the formation of ultrashallow junctions.8,9 Extended
defects, such as 兵311其 defects and dislocation loops, are major contributing factors to the amount of TED that is observed in bulk silicon.10 Thus, examining the effect the surface Si/BOX interface has on extended defect evolution in
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SOI should help explain some anomalies of dopant diffusion
in SOI as well.
II. EXPERIMENT
Czochralski and UNIBOND® wafers 共200 mm, 兵001其,
14 –22 ⍀ cm兲 having a BOX thickness of 4000 Å were used
in the experiment. The surface silicon layer of the SOI wafers was thinned using oxidation and etching from 1600 Å
down to 670– 688 and 299–305 Å, respectively. The surface
Si layer thickness was monitored using a Rudolf dual wavelength ellipsometer. The wafers were then implanted with
28 ⫹
Si ions at energies ranging from 5 to 40 keV and a constant dose of 2⫻1014 cm⫺2 . The implant conditions did not
result in amorphization of any of the materials. Anneals were
done in a quartz tube furnace with a nitrogen ambient at
750 °C for times ranging from 5 min up to 8 h. Plan-view
transmission electron microscopy 共PTEM兲 samples were prepared and imaging was done using a JEOL 200CX TEM
operating at 200 kV. Images were taken using a g220 diffracted beam under g共3g兲 weak beam dark-field conditions.
Finally, quantitative TEM 共QTEM兲 was used to calculate the
concentration of trapped interstitials (SiI ) in extended defects.
III. RESULTS
Figure 1 shows the interstitial concentration (C I ) profiles
simulated using UT-Marlowe. This illustrates that as the implant energy increases and the surface Si thickness decreases,
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FIG. 3. Plan-view TEM micrographs illustrating defect evolution in 300 Å
SOI and bulk Si for 5 keV, 2⫻1014 cm⫺2 after annealing at 750 °C 共Ref. 3兲.

the concentration of interstitials in the BOX increases. Thus,
fewer excess interstitials are available to aid in the formation
of extended defects within the surface Si layer. Figure 2
shows the percent of dose retained in the surface Si layer as
a function of implant energy. The 1600 Å SOI essentially
receives the same dose as the bulk for all the implants, while
the 700 Å SOI loses up to 25% at 40 keV. The 300 Å SOI
loses approximately 45% and 80% at 20 and 40 keV, respectively.
Figures 3 and 4 show the PTEM micrographs and QTEM
data, respectively, from Saavedra et al.3 for the 5 keV
samples. After annealing at 750 °C for 15 min, a combination of small interstitial clusters and zig-zag 兵311其 defects
can be seen in the 300 Å and bulk. The zig-zag 兵311其 defects,
which have been observed previously,11 coarsen after annealing for 60 min. They begin to dissolve, as well as form small
dislocation loops after 120 min. The dislocation loops appear
much smaller in the 300 Å after 120 min, but the defect
density is also much greater. As a result, the concentration of
trapped interstitials in Fig. 4 is similar for each of the mate-

rials. Data for 5 keV, 3⫻1014 cm⫺2 , Si⫹ implants from
Agarwal et al.11 is included for comparison.
The defect evolution for the 10 keV 300 Å SOI and bulk
Si is shown in Fig. 5. At this energy, a larger portion of the
dose (⯝14%) is lost to the BOX compared to 5 keV. Thus,
a decrease in the density of extended defects, as well as
concentration of trapped interstitials occurs in the 300 Å
SOI. There is also an increase in the size of the dislocation
loops in bulk Si as implant energy increases. Close examination of the micrographs reveals the defects dissolve faster in
the 300 Å SOI than the bulk. Quantification of the trapped
interstitials 共Fig. 6兲 shows a similar trend. A decrease in the
concentration of trapped interstitials, as well as an increase in
the dissolution rate occurs in the 300 Å. In addition, the
decrease in SiI is much greater than that predicted from the
dose loss. However, the 700 and 1600 Å and bulk all behave
similarly.
The 20 keV defect evolution for the 700 Å SOI and bulk
Si are shown in Fig. 7 共from Saavedra et al.3兲. Dislocation
loops appear to form from the unfaulting of 兵311其 defects and
the nucleation of the small interstitial clusters. Extended defects do not form in the 300 Å SOI due to the dose loss to the
BOX. There appears to be a decrease in the defect size, as
well as defect density in the 700 Å compared to the bulk.
This would be expected due to the 6% dose loss at this energy. The concentration of trapped interstitials in Fig. 8 共from

FIG. 2. Percentage of dose retained in surface Si layer of SOI for Si⫹
implants from 5 to 40 keV, 2⫻1014 cm⫺2 共Ref. 3兲.

FIG. 4. Concentration of trapped interstitials (SiI ) in extended defects for 5
keV, 2⫻1014 cm⫺2 after annealing at 750 °C 共Ref. 3兲.

FIG. 1. Interstitial concentration (C I ) depth profiles from UT-Marlowe for
共a兲 300 Å, 共b兲 700 Å, 共c兲 1600 Å, and 共d兲 bulk Si after Si⫹ implantation
from 5 to 40 keV 2⫻1014 cm⫺2 .

J. Vac. Sci. Technol. B, Vol. 20, No. 6, NovÕDec 2002

2245

Saavedra et al.: Influence of the surface SiÕburied oxide interface

FIG. 5. Plan-view TEM micrographs illustrating defect evolution in 300 Å
SOI and bulk Si for 10 keV, 2⫻1014 cm⫺2 after annealing at 750 °C.

Saavedra et al.3兲 shows a similar trend. However, there is a
larger decrease in trapped interstitials (⯝35%) than predicted from the dose loss alone. In contrast, there is not an
increase in the dissolution rate in the 700 Å. Overall, there is
not a decay in the trapped interstitial concentration due to the
stability of the dislocation loops at this energy.
Figure 9 shows the defect evolution for the 40 keV 700 Å
SOI and bulk Si after annealing at 750 °C. Once again, a
decrease in the defect size appears obvious in the 700 Å SOI,
which could be attributed to the dose loss of 25%. The small
dislocation loops in the 700 Å do not appear to coarsen, but
rather appear to dissolve. The 兵311其 defects begin to unfault
and form dislocation loops after 30 min in the bulk samples.
The dislocation loops are still present after annealing for up
to 8 h. Figure 10 shows the QTEM data for the 40 keV
samples. The 700 Å SOI exhibits a decrease in the concentration of trapped interstitials of approximately 95%, which
is much larger than the 25% dose loss at 40 keV. There also
appears to be an enhancement in the dissolution rate for the
700 Å. Like 20 keV, the 1600 Å SOI behaves similar to the
bulk.
IV. DISCUSSION
The dissolution behavior for the 5 keV data set compares
favorably with that done previously by Agarwal et al.11 The

FIG. 6. Concentration of trapped interstitials in extended defects for 10 keV,
2⫻1014 cm⫺2 after annealing at 750 °C.
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FIG. 7. Plan-view TEM micrographs illustrating defect evolution in 700 Å
SOI and bulk Si for 20 keV, 2⫻1014 cm⫺2 after annealing at 750 °C 共Ref.
3兲.

surface Si/BOX interface does not appear to have a strong
effect on recombination of trapped interstitials at this energy.
This may be expected due to the projected range 共100 Å兲
being furthest from the interface. However, there is a 5%
dose loss in the 300 Å SOI, but there is not a detectable
decrease in SiI in Fig. 4. There have been a number of theories as to why there is an enhanced dissolution rate for lowenergy compared to higher-energy Si⫹ implants.12–14 The
presence of a higher supersaturation of excess interstitials
may be the reason fewer extended defects are observed. Defects may not be able to trap as many interstitials due to the
high supersaturation, creating a large flux into the crystal,
rather than the surface being a dominant sink for
interstitials.15,16
At 10 keV, the enhanced dissolution rate and decrease in
SiI in the 300 Å SOI is attributed to recombination at the
surface Si/BOX interface. This is because the decrease in SiI
is much larger than the dose loss to the BOX. However, the
fact that the other SOI samples behave similar to the bulk
indicates that there is not an interface effect in thicker SOI at
10 keV.
For the 20 keV, a large decrease in SiI for the 700 Å SOI
is observed, but there is not an enhancement in the dissolu-

FIG. 8. Concentration of trapped interstitials in extended defects for 20 keV,
2⫻1014 cm⫺2 after annealing at 750 °C 共Ref. 3兲.
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FIG. 9. Plan-view TEM micrographs illustrating defect evolution in 700 Å
SOI and bulk Si for 40 keV, 2⫻1014 cm⫺2 after annealing at 750 °C.

tion rate. This indicates that there is a dose loss threshold that
must be exceeded before a decrease in SiI can be quantified.
This appears to occur around 6%.
An enhancement in the dissolution rate is observed for the
700 Å SOI at 40 keV. This indicates there is also a threshold
for dose loss before an enhancement in the dissolution rate is
observed. This threshold is approximately 15% since the 300
and 700 Å SOI show enhancement above 15%, but do not
below 15%. There may also be a threshold for the formation
of extended defects in SOI at the 2⫻1014 cm⫺2 dose. This is
between 30% and 45% since no extended defects formed in
the 300 Å at 20 keV 共45% dose loss兲 and the extended defects were very small in the 700 Å at 40 keV 共25% dose
loss兲. However, this threshold is expected to vary depending
on the implanted dose.
A number of theories have been proposed for the recombination of interstitials at a Si/SiO2 interface.17–20 As an interstitial approaches the Si/SiO2 interface it may do a number
of things: recombine along kink sites, diffuse into the oxide,
react with the oxide, etc. Di-interstitial recombination12 and
formation of silicon monoxide15 have been used to account
for a wide range of experimental data. Production of SiO
from the reaction 2Si⫹SiO2 →2 SiO has been used to account for the significant diffusivity of self-interstitials in silicon dioxide.21 Enhanced and retarded diffusion of certain
dopants due to a vacancy supersaturation has also been attributed to SiO.22,23 However, the production of SiO is a
high-temperature process and is unlikely to form under the
annealing conditions used in this study.21
There appears to be one requirement for interstitial recombination to take place at the surface Si/BOX interface—
dose loss to the BOX. Since the Si/SiO2 interface is typically
a very smooth interface for thicker thermally grown oxides,24
it is a logical conclusion that the interface must be damaged
in order to serve as a sink for trapped interstitials. This damage occurs whenever the implant profile is truncated by the
BOX. By increasing the number of kink sites and dangling
bonds at the interface, it is proposed the interstitials have a
greater probability of recombining at the surface Si/BOX
interface. However, without the damage the interface is unJ. Vac. Sci. Technol. B, Vol. 20, No. 6, NovÕDec 2002
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FIG. 10. Concentration of trapped interstitials in extended defects for 40
keV, 2⫻1014 cm⫺2 after annealing at 750 °C.

able to compete with the ability of extended defects to trap
interstitials.
An alternative explanation is that the peak interstitial concentration must be within 100–200 Å of the interface before
the trapped interstitial population is affected. However, the
straggle of the implant is a more important parameter for this
argument. At 20 keV, there is a noticeable decrease in SiI for
the 700 Å SOI, yet the peak interstitial concentration is 350–
400 Å from the surface Si/BOX interface. The straggle is
much greater at this energy. This could explain why there is
not a decrease in SiI for the 300 Å SOI at 5 keV. The peak
interstitial concentration is only ⯝200 Å from the interface,
but the straggle is much less at this energy so there is no
noticeable decrease in SiI . In order to place the peak interstitial concentration close to the interface the straggle must
increase, thus more of the implant is truncated by the BOX
leading to a damaged surface Si/BOX interface. This supports the proposition in the preceding paragraph.

V. CONCLUSIONS
The effect of the surface Si/BOX interface on extended
defect evolution in SOI scaled to 300 Å has been investigated via plan-view TEM. It is observed that the interface
does not enhance the dissolution rate of extended defects
unless ⭓15% of the dose is truncated by the BOX. Further,
no reduction in the trapped interstitial concentration is seen
unless ⭓6% of the dose is truncated. It is concluded that the
surface Si/BOX interface does not serve as a significant sink
for interstitial recombination, as long as the interstitial profile
is mostly confined to the surface Si layer. It is proposed that
by effectively damaging the surface Si/BOX interface as the
implant energy increases, the number of kink sites and dangling bonds are increased and the interstitials have a greater
probability of recombining at the interface. Without the damage, the interface is unable to compete with the ability of the
extended defects to trap interstitials. We will attempt to
model the interface in the future in order to extract the recombination velocity of trapped interstitials.
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