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than two oxygen atoms per silicon atom, is formed. See, for instance, J.
Stoemenos et al, Applied Field of the Invention
Physics Letters, Vol. 48(21), pp. 1470-1472 (1986). These authors report
that implantation of a (only This invention pertains to methods for manu-
5   slightly) subcritical dose (1 .3x [err],200keV) of facturing
semiconductor devices. In particular, it  oxygen results in formation of an
oxygen-rich layer pertains to silicon-on-insulator (SOI) technology,  with
dispersed-Si islands therein, and that anneal- and to SOI devices.
ing of such a sample at 1150 C for two hours results in  a coarsening of
the dispersed Si and Background of the Invention                     10
formation of SiO2 precipitates in the Si overlayer near the Si/[err]
interface. Such a wafer in general SOI devices are known to have potential
ad-     would not be acceptable for device manufacture. vantages (e.g.,
reduced junction capacitance, in-   Stoemenos et al also report that
annealing such a creased radiation hardness) over conventional sili-  wafer
at 1300 C for 6 hours produces a Si over- con devices. Several techniques
for producing SOI   15  layer free of [err] precipitates but produces a
heterostructures and, in particular, for producing  buried [err] layer that
contains a significant volume Si/[err]/Si heterostructures of the type
shown sche-  of dispersed Si islands. It is known that such is- matically
in FIG.1, are known. Among the known      lands may act as overlapping
floating gates if MOS techniques for producing such a heterostructure is
devices were formed in such SOI wafers. Thus, the oxygen implantation
technique, and this ap-   20  such prior art SIMOX wafers typically are
also not [err]  pertains to this particular technique        acceptable for
device manufacture. (sometimes referred to as "Separation by implant-
S.S. Leu et al., Applied Physics Letters, Vol. ed  oxygen"  [SIMOX]) for
forming  such  a          34(1), page 76, disclose that the quality of Si
on heterostructure. For a review of the SIMOX tech-    sapphire can be
improved by implantation, at 77K, nique see, for instance, P. L. F.
Hemment, Materi-  25  of Si ions into the Si overlayer, such that an amor-
als Research Society Symposia, Proceedings, Vol.    phous region is formed
below the Si surface and 53, pp. 207-221 (1986).
near the Si/sapphire interface, followed by an an- As generally practiced
in the art, the SIMOX    neal at 500-600 C. technique comprises implanting
a sufficiently high     In view  of the potential advantages associated
dose of oxygen into a silicon body (typically a Si  30   with low dose
implantation and with SIMOX wafer) such that a stoichiometric oxygen-rich
re-   heterostructures which have a relatively thin buried gion is formed
within the body. By this we mean     [err] layer, a substoichiometric
(subcritical) implant that the oxygen distribution within the silicon body
technique that can be used to reliably produce a reaches a maximum
concentration of at least two     Si/[err]/Si heterostructure in which the
buried [err] oxygen atoms per silicon atom. A typical implanta-  35  layer
is free of Si islands and in which the Si tion dose is 2 x [err] oxygen
atoms/cm2. The         overlayer has a relatively low defect density and is
(energy dependent) critical dose [err] is the minimum  of device quality
would be of considerable signifi- dose at which, for a given implantation
energy, a   cance. This application discloses such a technique.
-toichiometric implant results. For instance, [err] is    We have
discovered an implant method that about 1.4 x [err] at 200 keV.
40  can eliminate shortcomings of the prior art sub- Prior art
stoichiometric implants result in the  critical implant method. The
inventive method com- formation of relatively thick (typically about 0.3
[err]  prises a subcritical implant, and further comprises or more) layers
of [err], with a relatively thin     at least one randomizing implant and
subsequent (exemplarily about 0.1 [err]) silicon overlayer. For
appropriate heat treatment, and can produce several reasons, it would be
desirable to be able to  45   Si/[err]/Si heterostructures having a
substantially use lower implant doses, and/or to produce SOI
homogeneous relatively thin buried [err] layer and wafers having a thinner
buried oxide layer. Lower   an overlayer of device-grade (typically [err]<
5%) doses are desirable because they generally pro-     Si. duce less
damage in the Si body, and because           In a broad aspect, the
inventive method com- they make possible increased throughput. Thinner  50
prises randomization, by any appropriate tech- oxide layers make possible
devices requiring lower  nique, of at least the region of the silicon
overlayer back bias isolation voltage, as compared to devices  that is
adjacent to the buried [err] layer, in a using a prior art (thicker) buried
oxide layer.     Si/[err]/Si heterostructure formed by any appro- Attempts
have been made to obtain these de-     priate oxygen implantation
technique, followed by sired results by merely reducing the implant dos-
55  an appropriate heat treatment. The details of the age below [err] such
that a substoichiometric implant  inventive method depend, inter aria, on
the sub- region, i.e., an implanted region wherein the maxi-  strate
temperature during the oxygen implant, as mum concentration of oxygen is
everywhere less      will be described below. 2   



3                  EP 0 269 349 B1                     4 In an exemplary
preferred embodiment the in-        ing to the invention; and ventive
method comprises providing a single cry-        FIGS. 4 and 5 show
Rutherford Backscattering stal Si body having a predetermined crystal ori-
Spectroscopy (RBS) spectra of an exemplary entation and a major surface,
implanting a sub-         SOI heterostructure. critical dose of oxygen into
the Si body through the    5 major surface such that an oxygen-rich layer
is      Detailed Description of Some Preferred Embodi- formed within the Si
body, with a silicon overlayer  ments of relatively low oxygen content
thereon. The invention relies on our discovery that, with     FIG. 1
schematically depicts a SOI heterostruc- regard to formation of a buried
[err] layer in Si by   10  ture 10 of the type that is of concern herein.
The means of a subcritical O implant, two different      SiO2 layer 11 is
buried within a single crystal Si regimes can exist. One of these regimes
is exem-     body. Desirably, Si overlayer 12 is of device quality plified
by J. Stoemenos et al. (op cit), and involves  and retains essentially the
original lattice orientation a subcritical implant at a relatively high
substrate  of the Si body. temperature (i.e., nominal temperature typically
15    FIG. 2 is a combined flow chart for two alter- greater than about 350
C). In this case subsequent   native exemplary embodiments of the inventive
heat treatment generally results in formation of a   process, in which the
left and right hand branches nonhomogeneous buried [err] layer containing
dis-     apply for relatively low and high nominal tempera- persed Si
regions, and the silicon overlayer fre-   ture subcritical oxygen implants,
respectively. quently also comprises dispersed second phase   20       As
will be appreciated by those skilled in the [err] regions. Such material
typically is not useful  art, prior to the subcritical implant, the major
sur- for device fabrication. The other regime involves    face of the
substrate (typically a (100) surface) will our discovery that, if the
silicon substrate is at a  be cleaned, and/or otherwise prepared. Such
tech- relatively low temperature (nominal temperature      niques are well
known and will not be discussed typically less than about 350 C), during
the sub-   25   herein. It is to be understood that implants are critical
ion implant, appropriate heat treatment can  carried out in an appropriate
vacuum. result in formation of a substantially homogeneous
Exemplarily, we have found that a subcritical thin [err] layer and
recrystallization of the silicon  implant dose advantageously is in the
range from overlayer. However, under these conditions the re-   about 3 x
[err] to about 7 x [err] oxygen ions/[err]. gions of the Si substrate that
are adjacent to the   30   However, this range is not to be considered
limit- Si/[err] interfaces are generally heavily twinned,   ing, since
higher subcritical doses may be advanta- frequently also making the
heterostructure unsuit-   geously used at times, whereas even lower doses
able for device fabrication.                        may result in useful
buried SiO2 layers. Furthermore, the embodiment comprises heat           In
a   currently  preferred   embodiment treating the oxygen-implanted Si body
such that a   35  (corresponding to the left branch of FIG. 2), the
substantially stoichiometric buried [err] layer is    nominal substrate
temperature during the subcrit- formed from the oxygen-rich layer, with at
least    ical oxygen implant is relatively low, typically some of the
material of the Si overlayer having the  <350 C. By the "nominal" substrate
temperature predetermined crystal orientation. The embodiment    we mean
herein the temperature at which the sub- further comprises implanting Si
ions through the   40  strate would be, absent any beam heating effects.
major surface, the dose being effective for causing  For instance, we
typically clamp our Si wafers to a substantial randomization of at least
the overlayer  stainless steel block that is maintained at a given material
near the [err] layer/overlayer interface,   temperature. The temperature of
the block is con- and heat treating the implanted Si body such that
sidered to be the nominal substrate temperature. device grade overlayer
material, of substantially the   45  As shown in the left branch of FIG.2,
the (low predetermined crystal orientation, with relatively  temperature)
subcritical oxygen implant is followed low  defect density  near  the
buried  [err]         by an appropriate heat treatment such that sub-
layer/overlayer interface, results.                  stantially
stoichiometric [err] is formed from the oxygen-rich implant layer. Such a
heat treatment Brief Description of the Drawing                so
advantageously comprises a low temperature an- neal (exemplarily between 30
minutes and 3 hours FIG. 1 schematically depicts a SOI heterostruc-   at a
temperature between 500 and [err], prefer- ture according to the invention;
ably not exceeding [err] ) which typically re- FIG. 2 is a flow chart
showing schematically      crystalizes amorphous Si. The heat treatment
also major process steps of two exemplary embodi-  55  comprises a high
temperature anneal, typically at a ments of the inventive method;
temperature greater than 1200 C, for some appro- FIG. 3 schematically shows
an exemplary semi-     priate extended period, exemplarily more than
conductor device formed on a SOI wafer accord-    three hours. As will be
appreciated by those skilled 3  



5                 EP 0 269 349 B1                    6 in the art, the
annealing time typically is inversely  For instance, an Ar or other noble
gas implant may related to the annealing temperature. A minor      under
some circumstances be used. amount of experimentation typically will
suffice to    The function of the randomizing implant is, we determine an
appropriate time/temperature com-     currently believe, to amorphize at
least the region bination. Although we currently prefer two-step heat   5
of the silicon overlayer that is adjacent to the treatment as discussed
above, other annealing pro-  interface with the buried [err] layer.
However, typi- grams (e.g. a slow ramping up of the temperature,  cally the
region of the bottom silicon layer that is with a high temperature soak, or
a simple high     adjacent to the interface with the buried [err] layer
temperature anneal) may also be useful.            is also amorphized. It
is desirable that a portion of As will be evident to those skilled in the
art, the   10  the top Si layer, typically the portion that is adja- heat
treatment is advantageously carried out under  cent to the major surface of
the silicon body, non-oxidizing conditions, e.g., in vacuum, or in an
remain crystalline so as to provide a seed region inert atmosphere. The
prior art knows formation of  for the oriented single crystal regrowth of
the sili- a relatively thick (e.g., 500 nm) oxide cap layer as  con
overlayer. a means for protecting the Si overlayer during the   15  In the
preferred embodiment (left branch of high temperature anneal. We have
devised an ad-    FIG.2) the required randomizing implant is followed
vantageous technique for protecting the Si over-   by an appropriate heat
treatment. Exemplarily, the layer during a high temperature anneal. The
tech-  treatment comprises a relatively low temperature (- nique, which is
currently preferred by us, com-   600 C, > 1 hr) anneal. More generally, we
con- prises carrying out the anneal in an atmosphere  20  sider annealing
temperatures in the range 500- at comprises at least one inert gas as a
major       [err] (preferably not exceeding 700 C) to be constituent (e.g.,
99% Ar) and oxygen as a minor    useful, but under certain conditions
annealing at a constituent (e.g., 1%), with the oxygen concentra-
temperature outside of this range may also result in tion being effective
to result in the slow growth of a  the regrowth of device-quality Si
overlayer material. thin (e.g., 20 nm) protective [err] layer during the
25   After this annealing treatment the heterostructure is heat treatment.
The presence of this thin protective  stable with regard to heat treatments
as encoun- layer prevents both the pitting of the Si overlayer  tered in
device processing. that frequently occurs when the annealing is car-
Another, but currently less preferred, embodi- ried out in nominally
non-oxidizing conditions     ment of the inventive method (right branch of
FIG. (vacuum or inert gas atmosphere), and the growth  so  2) comprises
carrying out the oxygen implant at a of a thick oxide layer that occurs if
the annealing is  relatively high nominal temperature (typically at carried
out in more highly oxidizing conditions.   least about [err]), followed by
a first randomizing As shown in the left branch of FIG. 2, after the
implant of the type described above. Subsequent high temperature anneal the
silicon body is sub-   to completion of the first randomizing implant the
jected to a randomizing ion implant. We have found   35  implanted Si body
is heat treated, substantially as it to be advantageous to carry out the
randomizing  discussed in the context of the currently preferred implant at
a nominal substrate temperature of less  embodiment. This heat treatment
advantageously than about [err] . Typically the substrate is nomi-  is
followed by an optional second randomizing im- nally at room  temperature,
and we have also       plant. The conditions of the second randomizing
achieved good results when the substrate was  40  implant typically are
similar to those of the first cooled to about liquid nitrogen temperature
(77 K).  randomizing implant. The optional second random- Although we
believe that a relatively low substrate  izing implant generally will be
followed by a low during the randomizing implant can prevent healing
temperature anneal of the type discussed in the of implant-produced lattice
defects, it may be pos-  context of the currently preferred embodiment.
sible that under some conditions nominal substrate  45  After completion of
the appropriate heat treat- temperatures above [err] may also be accept-
ment SOI wafers according to the invention typi- able.
cally are ready for device fabrication by known Exemplarily, we have
implanted silicon ions     methods. For a review of such methods see, for
during the randomizing implant, with an exemplary  instance, D. H. Elliott,
Integrated Circuit Fabrication dose being 3 x [err] Si/[err]. We currently
believe   50   Technology, McGraw-Hill (1982). that particularly useful Si
doses typically are in the  An   exemplary  electronic  device  (an range
from 2x[err] to 1x[err]/[err]. We used im-        enhancement-type
n-channel MOS transistor) ac- plantation energies for both the subcritical
oxygen  cording to the invention is shown in FIG. 3, wherein implant and
for the randomizing implant of 200 keV  layer 11 is the buried [err] layer,
and 12 refers to a and 400 keV, respectively. However, a wide range  55
portion of thhe Si overlayer. The portion of the of energies, e.g., 100 keV
to about 2 MeV, is       overlayer is doped to be p-type, with two sub-
expected to be useful. Furthermore, the randomiz-  portions being [err].
Oxide regions 31 serve to isolate ing implant need not necessarily be a Si
implant.   12 from other devices, to define contact windows, 4 



7                 EP 0 269 349 B1                   8 and to provide gate
insulation, all in a conventional  Example II: manner. Numerals 32 refer to
source, gate, and drain metal contacts.                                 A
second SOI wafer was prepared substantially as described in Example I,
except that the nominal Example I:                                    5
wafer temperature during the subcritical oxygen implant was [err], the
oxygen implant (4x1 017 A (100) oriented single crystal Si wafer was
oxygen/[err], 200 keV) was followed by a randomiz- cleaned by a
conventional procedure and clamped   ing  Si implant (nominal temperature
[err], to a stainless steel block in the target chamber of  1x[err], 460
keV), the subsequent heat treat- an ion implanter. With the steel block
nominally at  10  ment was followed by a second randomizing Si [err],
3x[err] oxygen/[err] were implanted at 170    implant (conditions as
above), and this was fol- keV, resulting in formation of an oxygen-rich
layer  lowed by a [err] anneal. The quality of the thus having an
approximately Gaussian profile (depth of  formed heterostructure was
substantially as de- maximum about 370 nm, full width at half maxi-
scribed in Example I. mum about 180 nm). The wafer was transferred to  15 a
tube furnace, and maintained at [err] for 2    Claims hours and at [err]
for 30 minutes in argon + 1% oxygen. The anneal resulted in formation of an
1. Method of making an article comprising [err] about 60 nm thick oxide
layer from the oxygen-rich    buried within a Si body, the method compris-
implant layer, with twinned Si at both interfaces. A   20  ing the
successive steps of: RBS spectrum of the thus produced wafer was
providing a single crystal Si body having a obtained by standard means [2
MeV [err], (100)          major surface; and [err] off (100)] and is shown
in FIG. 4. As is well     implanting oxygen ions into the Si body known,
such spectra, including the well known         through the major surface
such that a buried quantity [err] derived from the spectra, are standard
25  oxygen-rich layer is formed in the Si body, the indicators of the
quality of thin crystal layers.     oxygen implant being a subcritical
oxygen im- Curves 40 and 41 are the random and channeled         plant, and
the Si body being maintained during yields, respectively, and show that the
buried oxide  the subcritical oxygen implant at a relatively layer is
essentially stoichiometric, the near-surface  low temperature; part of the
Si overlayer is single crystal material,  30  submitting the
oxygen-implanted Si body and the Si/[err] interface regions are highly
defec-   to a first heat treatment comprising an anneal tive. Transmission
electron microscopy showed the     at a temperature above 1200 C such that
the defective regions to be heavily twinned. Subse-       buried [err] is
formed from the oxygen-rich quent to RBS, the wafer was again transferred
to      layer; the implanter, and 3x[err] silicon/[err] (400 keV)  35
carrying out, subsequent to said first heat were implanted, with the wafer
nominally at liquid   treatment, a randomizing implant of Si or noble [err]
temperature. The RBS yields of the randomized      gas ions, the implant
conditions selected such wafer are shown in FIG. 5, wherein curves 50 and
that at least some of the Si overlying and 51 are the random  and channeled
yields. The          underlying said buried [err] is substantially
amorphization of the Si adjacent to the [err] layer,  40  amorphized; and
with the amorphized region extending almost to the       further heat
treating the body at a tem- Si surface, is evident. Following RBS the wafer
was   perature in the approximate range 500-[err] annealed at [err] for 2
hours in vacuum. The          to form a substantially homogeneous [err]
lay- results of subsequent RBS are also shown in FIG.      er, with Si
overlying and underlying the [err] 5, wherein curve 52 is the channeled
yield of the   45  layer. wafer after the second low temperature anneal.
The improvement in crystal quality, especially of the Si  2. Method
according to claim 1, wherein the Si overlayer, is clearly evident. In
particular, the     body is maintained at a temperature less than [err]/Si
overlayer interface was essentially free of   about 350 C during the
subcritical oxygen im- defects, with the overlayer being of device quality,
50  plant. with [err] of about 3%. Electron microscopy was also performed
on the wafer, and showed that the  3. Method of making an article
comprising [err] buried [err] layer was essentially continuous, with-
buried within a Si body, the method compris- out Si islands, and the sharp
boundaries, and con-    ing the successive steps of: firmed the absence of
twins in the Si overlayer.  55     providing a single crystal Si body
having a major surface; implanting oxygen ions into the Si body through the
major surface such that a buried 



5    7                 EP 0 269 349 B1                    8 and to provide
gate insulation, all in a conventional  Example II: manner. Numerals 32
refer to source, gate, and drain metal contacts.
A second SOI wafer was prepared substantially as described in Example I,
except that the nominal Example I:                                    5
wafer temperature during the subcritical oxygen implant was [err], the
oxygen implant (4x[err] A (100) oriented single crystal Si wafer was
oxygen/[err], 200 keV) was followed by a randomiz- cleaned by a
conventional procedure and clamped   ing  Si implant (nominal temperature
[err], to a stainless steel block in the target chamber of  1x[err], 460
keV), the subsequent heat treat- an ion implanter. With the steel block
nominally at  10   ment was followed by a second randomizing Si [err],
3x[err] oxygen/[err] were implanted at 170    implant (conditions as
above), and this was fol- keV, resulting in formation of an oxygen-rich
layer  lowed by a 600 C anneal. The quality of the thus having an
approximately Gaussian profile (depth of  formed heterostructure was
substantially as de- maximum about 370 nm, full width at half maxi-
scribed in Example 1. mum about 180 nm). The wafer was transferred to  15 a
tube furnace, and maintained at 600 C for 2      Claims hours and at [err]
for 30 minutes in argon + 1% oxygen. The anneal resulted in formation of an
1. Method of making an article comprising [err] about 60 nm thick oxide
layer from the oxygen-rich    buried within a Si body, the method compris-
implant layer, with twinned Si at both interfaces. A   20  ing the
successive steps of: RBS spectrum of the thus produced wafer was
providing a single crystal Si body having a obtained by standard means [2
MeV [err], (100)          major surface; and [err] off (100)] and is shown
in FIG. 4. As is well     implanting oxygen ions into the Si body known,
such spectra, including the well known         through the major surface
such that a buried quantity [err] derived from the spectra, are standard
25  oxygen-rich layer is formed in the Si body, the indicators of the
quality of thin crystal layers.     oxygen implant being a subcritical
oxygen im- Curves 40 and 41 are the random and channeled         plant, and
the Si body being maintained during yields, respectively, and show that the
buried oxide  the subcritical oxygen implant at a relatively layer is
essentially stoichiometric, the near-surface  low temperature; part of the
Si overlayer is single crystal material,  30  submitting the
oxygen-implanted Si body and the Si/[err] interface regions are highly
defec-   to a first heat treatment comprising an anneal tive. Transmission
electron microscopy showed the     at a temperature above [err] such that
the defective regions to be heavily twinned. Subse-       buried [err] is
formed from the oxygen-rich quent to RBS, the wafer was again transferred
to      layer; the implanter, and 3x[err] silicon/cm2 (400 keV)  35
carrying out, subsequent to said first heat were implanted, with the wafer
nominally at liquid    treatment, a randomizing implant of Si or noble N2
temperature. The RBS yields of the randomized      gas ions, the implant
conditions selected such wafer are shown in FIG. 5, wherein curves 50 and
that at least some of the Si overlying and 51 are the random and channeled
yields. The           underlying said buried SiO2 is substantially
amorphization of the Si adjacent to the [err] layer,  40  amorphized; and
with the amorphized region extending almost to the        further heat
treating the body at a tem- Si surface, is evident. Following RBS the wafer
was   perature in the approximate range 500-800 C annealed at 600 C for 2
hours in vacuum. The          to form a substantially homogeneous [err]
lay- results of subsequent RBS are also shown in FIG.      er, with Si
overlying and underlying the [err] 5, wherein curve 52 is the channeled
yield of the   45  layer. wafer after the second low temperature anneal.
The improvement in crystal quality, especially of the Si  2. Method
according to claim 1, wherein the Si overlayer, is clearly evident. In
particular, the     body is maintained at a temperature less than [err]/Si
overlayer interface was essentially free of   about 350 C during the
subcritical oxygen im- defects, with the overlayer being of device quality,
50  plant. with [err] of about 3%. Electron microscopy was also performed
on the wafer, and showed that the  3. Method of making an article
comprising SiO2 buried [err] layer was essentially continuous, with-
buried within a Si body, the method compris- out Si islands, and the sharp
boundaries, and con-    ing the successive steps of: firmed the absence of
twins in the Si overlayer.  55      providing a single crystal Si body
having a major surface; implanting oxygen ions into the Si body 



through the major surface such that a buried 5    9                 EP 0
269 349 B1                       10 oxygen-rich layer is formed in the Si
body, the     Bereitstellung eines Siliziumeinkristalikbrpers oxygen
implant being a subcritical oxygen im-       mit elner Hauptoberflgche;
plant and the Si body being maintained during      Implantation von
Sauerstofflonen in den Silizi- the subcritical oxygen implant at a
relatively      umk6rper durch die Hauptoberflache, so daB high
temperature;                           5       sich im Siliziumk6rper eine
eingegrabene sau- carrying out a first randomizing implant of
erstoffreiche Schicht ausbildet, wobei das Sau- Si or rare gas ions; and
erstoffimplantat ein unterkritisches Sauerstoff- submitting the
oxygen-implanted Si body         implantat ist, und der Siliziumkorper
wahrend to a first heat treatment comprising an anneal      der
unt!rkritischen Sauerstoffimplantation auf at a temperature above [err]
such that the   10   einer rblativ niedrigen Temperatur gehalten buried
[err] is formed from the oxygen-rich          wird; layer, the buried [err]
forming a substantially      Durchfihrung einer ersten Warmebehandlung
homogeneous [err] layer, with Si overlying and       des
sauerstoffimplantierten Siliziumk6rpers, die underlying the [err] layer.
ein Glahen bei einer Temperatur oberhalb von i5      1200 *C umfalt, so daB
das eingegrabene 4. Method according to claim 3, wherein the Si
Si02 aus der sauerstoffreichen Schicht gebil- body is maintained at a
temperature greater         det wird; than about [err] during the
subcritical oxy-        DurchfUhrung einer randomisierenden Implan- gen
implant.                                       tation von Silizium oder
Edelgasionen nachfol- 20      gend auf die erste Warmebehandlung, wobei
Method of claim 3 or 4, wherein subsequent to       die
Implantationsbedingungen so gewahlt wer- said anneal a second randomizing
implant of         den, daB zumindest ein Teil des Siliziums, das Si or
noble gas ions is carried out, the implant    Obea- und unterhalb des
eingegrabenen SiO2 conditions selected such that at least some of
liegt, im wesentlichen amorphisiert wird: the Si overlying and underlying
the SiO2 layer  25  und is substantially amorphized, and a further heat
eine weitere Warmebehandlung des K6rpers treatment of the body at a
temperature in the       bei einer Tenmperatur im Bereich von ungefahr
approximate range 500-[err] is carried out.        500-800 *.C, um eine im
wesentlichen homo- gene SiO2-Schicht zu erreichen, wobei Silizium 6. Method
according to any of claims 1 to 5,  so      Oiber und unter der
SiO2-Schicht liegt. wherein the randomizing implant or implants comprise(s)
implantation  of Si ions, and       2. Verfahren nach Anspruch 1, wobei der
Silizi- wherein the Si body is maintained at a tem-         umkorper
wahrend der unterkritischen Sauer- perature less than about [err] during
the           stoffimplantation auf einer Temperatur unter- randomizing
implant(s).                    35       halb von etwa 350 * C gehalten
wird. 7. Method of claim 6, wherein from about 2x 1014    3  Verfahren zur
Herstellung eines Gegenstands to about 1 x [err] Si/[err] are implanted
during      mit in einem  Siliziumkorper eingegrabenem the randomizing
implant or during at least one      SiO2, wobei das Verfahren  nachfolgende
of the implants, and wherein the Si ions have   40   Schritte umfalt: an
energy in the range from about 0.1 MeV to        Bereitstellung eines
Siliziumeinkristallk6rpers about 2 MeV.
mit einer Hauptoberflache; Implantation von Sauerstoffionen in den Silizi-
8. Method of any of claims 1-7, wherein said heat      umk6rper durch die
Hauptoberflache, so dall treatment comprises contacting the Si body   45
sich im Siliziumk6rper eine eingegrabene sau- with an atmosphere adapted
for causing the          erstoffreiche Schicht ausbildet, wobei das Sau-
slow growth of a relatively thin SiO2 layer.        erstoffimplantat ein
unterkritisches Sauerstoff- implantat ist, und der Siliziumk6rper wahrend
9. Method of claim 8, wherein the atmosphere           der unterkritischen
Sauerstoffimplantation auf comprises inert gas as a major component and
so   einer relativ hohen Temperatur gehalten wird; oxygen as a minor
component.                        DurchfUhrung einer ersten
randomisierenden Implantation von Silizium- oder Edelgasionen;
Patentanspruche                                        und    :
Durchfi'd~ing einer ersten Warmebehandlung 1. Verfahren zur Herstellung
eines Gegenstands   55    des sauqerstoffimplantierten Siliziumk6rpers, die
mit in einem  Siliziumk6rper eingegrabenem          ein GlUhen, bei einer
Temperatur oberhalb von SiO2, wobei das verfahren die nachfolgenden
1200  C umfalt, so daB das eingegrabene 



Schritte umfalt:                                    SiO2 aus der
sauerstoffreichen Schicht gebil- 6    11                EP 0 269 349 B1
12      I DIII   lI !I 11118 II llI *C   L  M   S* det wird, wobei eine im
wesentlichen homoge-      ne dans le bloc de Si, I'implantation d'oxygene
ne SiO2-Schicht erreicht wird, tnit Ober- und     dtant une implantation
d'oxygbne sous-critique, unterhalb der SiO2-Schicht liegendem Silizium.
et le bloc de Si 6tant maintenu a une tempera- ture relativement basse
pendant l'implantation 4. Verfahren nach Anspruch 3. wobei der Silizi-   5
d'oxygene sous-critique; umkorper wahrend der unterkritischen Sauer-
on soumet le bloc de Si ayant subi l'im- stoffimplantation auf einer
Temperatur ober-      plantation d'oxygene a un premier traitement halb von
etwa 350 * C gehalten wird.              thermique comprenant un recuit a
une temp6- raturswuperieure a 1 200' C, de fagon a . 5. Verfahren nach
Anspruch 3 oder 4, wobei  10       formnr le SiO2 enterr5 & partir de la
couche nachfolgend auf das GIG hen eine zweite rando-    richeien oxygene;
misierende Implantation von Silizium  odor            6it effectue, a la
suite du premier traite- Edelgasionen durchgefahrt wird, und zwar bei
ment thermique, une implantation d'ions de Si solchen ausgewAhIten
lmplantationsbedingun-       ou d'un gaz noble, cr6ant une structure desor-
gen, daB zumindest ein Teil des Siliziums, das   15  donnee, avec les
conditions d'implantation se- Dber- und unterhalb der eingegrabenen SiO2-
lectionnees do fagon qu'au moins une partie Schicht liegt, im  wesentlichen
amorphisiert      du Si se trouvant au-dessus et au-dessous du wird, und
eine weitere Warmebehandlung des        SiO2 enterre soit pratiquement
convertie sous. K6rpers bei einer Temperatur im Bereich von       forme
amorphe ; et ungefahr 500 bis 800 * C erfolgt.         20          on
soumet le bloc & un traitement thermi- que supplementaire A une temperature
dans la 6. Verfahren nach einem der Anspriche 1 bis 5,        plage
approximative de 500-800  C, pour for- wobei die randomisierende'n)
Implantation(en)     mer une couche de SiO2 pratiquement homo- die
Implantation von Siliziumionen beeinhaitet,   gane. avec du Si au-dessus et
au-dessous de und wobei der Siliziumk6rper wahrend der  25      la couche
de SiO2. Implantation(en) auf einer Temperatur von we- niger als etwa 100 C
gehalten wird.            2. Proced6 solon la revendication 1, dans lequel
le bloc de Si est maintenu a une temperature 7. Verfahren nach Anspruch 6,
wobei wahrend           infeieure a environ 350  C pendant l'implan- des
randomisierenden Implantiorens oder wah-  30  tation, d'oxygbne
sous-critique. rend zumindest einer der Implantationen von etwa 2*1014 bis
etwa 111015 Si/cm2 implantiert  3. Pro 4de fabrication d'un article
contenant werden, und wobei die Siliziumionen eine          du SiO2 entorre
& l'int~rieur d'un bloc de Si, ce Energie im Bereich von etwa 0,1 MeV bis
etwa      procqd6 comprenant les etapes successives 2 MeV haben.
35      suivantes: on foumit un bloc de Si monocristallin 8. Verfahren nach
einem der Anspriche 1 bis 7,        ayant une surface principale; wobei die
Warmebehandlung beinhaltet, daB             on implanto des ions oxygene
dans le bloc der Siliziumkorper mit einer speziell angepaB-    de Si a
travers la surface principale, de fagon K-'   ten Atmosphare in Kontakt
gebracht wird, die  40   & former une couche enterree riche en Oxyge- das
langsame Wachstum elner relativ dUnnen        no dans le bloc de Si,
I'implantation d'oxygene SiO2-Schicht verursacht.
6tant une implantation d'oxygene sous-critique et le bloc de Si 6tant
maintenu a une temp6ra- 9. Verfahren nach Anspruch 8, wobei die Atmo-
ture relativement elovee pendant limplantation sphfre Inertgas als
Hauptbestandteil und Sau-  4s  d'oxyg&ne sous-critique; erstoff als
Nebenbestandteil enhalt.                  on effectue une premibre
implantation d'ions de Si ou d'un gaz rare creant une struc- Revendications
ture d6sordonn6e ; et on soumet le bloc de Si ayant subi l'im- 1. Procdd6
de fabrication d'un article comprenant  50  plantation d'oxygene a un
premier traitement du SiO2 enterr6 A l'interieur d'un bloc de Si, ce
thermique comprenant un recuit a une tempe- proc6d6 comprenant les 6tapes
successives         rature sup6rieure & 1 200 C, de fagon que le suivantes:
SiO2 enterre se forme & partir de la couche on fournit un bloc de Si
monocristallin       richbio~'xygbne, le SiO2 enterr6 formant une ayant une
surface principale;             55      couc3e de 0i02 pratiquement
homogene, avec 



on implante des ions oxygene dans le bloc      du SJi su-dessus et
au-dessous de la couche de Si a travers la surface principale, de fagon
de Si.02. a former une couche enterr6e riche en oxyge- 7    13
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Proced6 selon la revendication 3, dans lequel le bloc de Si est maintenu a
une temperature superieure a environ 350 * C pendant l'implan- tation
d'oxygene sous-critique. 5 5. Procede selon la revendication 3 ou 4, dans
lequel a la suite du recuit, on effectue une seconde implantation d'ions de
Si ou d'un gaz noble, creant une structure desordonn6e, avec: les
conditions d'implantation selectlonn6es de    o- fagon qu'au moins une
partle du Si se trouvant au-dessus et au-dessous de la couche de SiO2 soit
pratiquement convertie sous forme amor- phe, et on effectue un traitement
thermique suppl6mentaire du bloc a une temperature  15 dans la plage
approximative de 500-800 C. 6. Proced6 selon l'une quelconque des revendi-
cations 1 A 5, dans lequel l'implantatlon ou les implantations creant une
structure ddsordon-  20 .  nee sont des implantations d'ions Si, et dans
lequel le bloc de Si est maintenu h une tempe- rature inf6rieure a environ
100- C pendant la ou les implantations cr6ant une structure des- ordonnee.
25 7. Proc6d6 selon la revendication 6, dans lequel on implante entre
environ 2 x 1014 et 1 x 1015 Si/cm2 pendant l'implantation creant une
struc- ture d6sordonn6e, ou pendant l'une au moins  3o de ces
implantations, et dans lequel les ions Si ont une 6nergie dans la plage
allant d'environ 0,1 MeV a environ 2 MeV. 8  Procede de l'une quelconque
des revendica-  35 tions 1-7, dans lequel le traitement thermique comprend
la mise en contact du bloc de Si avec une atmopshere appropriee pour provo-
quer la croissance lente d'une couche relative- K-' ment mince de SiO2.
40 9. Procede selon la revendication 8, dans lequel l'atmopshere comprend
un gaz inerte a titre de composant principal et de l'oxygbne a titre de
composant secondaire.                     45 50 55 8    


