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PROCESS FOR AC“IEVING CONTROLLED PRECIPITATION PROFILES IN SILICON WAFERS

5 Tha pressnt invention generally ralates to the
processes for the fabfication of semiconductor material
substrates, especially the so-called silicon "slices” or
wafers, for the manufacture of electronic components.
Mor2 particularly, the presant invention relatas to a

10 process for the treatement of silicon wafers under
conditions suitable for the control of the concentration
and of the distribution profile of the "gettering” or
internal trapping sites.

As is known, single crystal silicon, which is

15 the starting material for most processes for the
fabrication of semiconductor electronic components, is
commonly_prepared'with the so-called Czochralski process
wherein a single ssad crystal is immersed into molten
silicon and then grown by slow extraction. As molten

20 silicon is contained in a quartz crucible, it is
contaminatad with various impurities, among which mainly
oxygen. At the temperature of the silicon molten mass,
oxygen comes into the crystal lattice until it reaches a
concentration detarmined by the solubility of oxygen in

25 silicon at the temperature of the molten mass and by the

' actual segregation coefficient of oxygen in solidified
silicon. Such concentrations are greater than the
solubility of oxygen in solid silicon at the
temperatures typical for the processes for the

30 fabrication of integrated circuits. Theteforé, as the
crystal grows from the molten mass and cools, the
solubility of oxygen in it decreases rapidly, whereby in
the resulting slices or wafers, oxygen is present in
supersaturated concentrations. As it is in

35 supersaturated concentrations, the subsequent thermal
treatement cycles of the wafers cause the precipitation
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More particularly, the present invention relates to a
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connected with thes capability of oxygen precipitates
(and of the "defacts" connected thereto) to trap the
undesired metal impurities that could subsequently come
into contact with the wafer during the subsequent
manufacture for the fabrication of the electronic
conponent and compronise the performance of the latter.
The harmful effects derive from the fact that such
precipitates themselves will be contamination agents if
they are situated in the active region of the wafer,
where, on the contrary, a very high purity for the
fabrication e.g. of an integrated circuit is necessary.

During years, various schemes have Dbeen
suggested for carrying out the treatement of silicon
wafers in such a manner that the active ragion, that
occupies a depth of a few microns from the surface of
the wafer, is comparatively devoid of the aforementioned
"defects", whereas the remaining thickness of tha wafer
has a density of such defects sufficiently high for an
effective trapping of the undesirsd metal impurities.

Such tachniques are known as trapping or
"intrinsic" gettering techniques and the region devoid
of defects close to the surface of the wafer is named
the denuded zone.

The object of the present inveantion is to
indicate a process for controlling the concentration of:
the trapping centres present in silicon wafers and, more
particularly, for reaiizing the defect density profile
necessary to achieve a good denuded zone and a good
intrinsic trapping effect.

In more precise terms, a first aspect of the
invention relates to the control of the 1level of
precipitation of oxygen in silicon wafers. A second
aspect relates to the control of the density profiled of
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precipitation wafars haviag an effective denuded zone in
correspondence with the active region of the device and
a highly effective trapping 2zone in the remaining
volune.

Thes2 objects ar2 achieved according to the
presant invention by means of a process for the
treatement of silicon slices or wafers intended to the
fabrication of intégrated circuit electronic components
which comprises the following fundamental operations:
(a) subjecting the wafers to a preliminary thermal
treatement, at a temperature between 950 °C and 1150 °C,
in particular at about 1100 °C, for a duration of about
15 minutes; (b) after a standard chemical corrosion
(etching) treatement, subjecting pairs of wafers coupled
in a clos2 reciprocal thermal contact to a fast thermal
annz2aling tr=atement, at a temperature between 1200 °C
and 1275 °C for a duration of some tens of seconds; (c)
subjecting the wafers to a further extended thermal
treatement at a temperatura between 90C °C and 1000 °C,
and, finally, (d) extracting the wafers from the furnace
and subjecting the surfaces that were in close
reciprocal contact during the fast annsaling treatement
to a surface polishing. For the coupling of the two
slices it suffices to realize a mechanical-thermal
contact between the two surfaces: other methodologies
for coupling more intimately that realize atomic bonds
between the two surfaces (wafer-bonding) aren't
necessary, but can be used.

As will be better explained in the following,
the treatement according to the invention initially
produces high temperature nucleation centres, named the
“precursors"” during the thermal fast annealing operation
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circuits. Therefore, as the crystal4 grows from the nmolten nmass and

cools, the solubility of oxygen in it decreases rapidly, whereby in

the resulting slices or wafers, oxygen is present in  supersaturated
concent r at @ods. thesps prefursors subgequenpby sHfikat &d ondéht ta8 ons, the
subsequent HhasIRlI "dalfe@disenent cycles of the wafers cause the

reci pitation
P P Although prior publications exist that report

the generation of thess precursors, considerable
5 differences exist with respect to the work performed in
the frame of the present invention., First of all, the
generation time scales have shown themselves to be very
faster than those praecedently recognized. Secondly, a
lower bound has been recognized only of about 1200 °C
10 for the high temperature treatement. Thirdly, no nazed
has been found for a treatement at a comparatively low
temperature and, about 650 °C, to obtain the formation
of a convenient defect density profile.
Finally, by wvirtue of the coupling of two
15 wafers during the high temperature fast annealing
treatement, in 2ach wafer a completely unsymmetrical
profile has been realized which sees a very high defect
density by the one side and a very low defect density by
the other side, achieved only by ‘exploiting the
20 observation that the modality of the cooling of the
wafer plays an important rdle in the formation of the
density profile.
Further particularities and advantages of the
present invention will turn out to be evident from the
25 continuation of the disclosure with reference to the
' annexed drawings given only as a matter -of explanation
and not of limitation, and wherein:
Figure 1 shows a profile of the density of the
precipitates as a function of the depth for a single
30 silicon wafer heated to a temperature close to 1200 °C
for two short, but distinct time intervals, of 20 and 35
seconds, respectively;
Figures 2a and 2b comparisonwise show the case
of the treatement of a single wafer and the case of the
35 treatement of a pair of coupled wafers according to the
present invention;
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Figure 3 shows the profile of the density of
the precipitates as a function of the depth for one of
the two wafers sobjected in a coupled form to the
treatament according to the prasant invention.

5 Bafors passing to a detailed description of
the single stages of the process, it is desired to
precisely state that the present invention has started
from the observation that subjecting the silicon wafers
to a thermal rapid annealing treatement at a high

10 temperature, in particular betwesn 1200 °C and 1300 °c,
for short time intervals, a considerable improvemeat of
oxygen precipitation is achieved. In particular, it has
been observed that such an intensification depends on
temperature and does not present itself homogeneous at

15 the interior of the wafer. Under the latter aspect, ths
formation has bz2en observed of two concentration p2aks,
in proximity to the two major surfaces of the wafers,
with a minimum plateau in the central zone.

This is clearly put into evidence in Figure 1,

20 wherein the two peaks in proximity to the two major
surfaces of the wafer and the central plateau are easily
recognized. The diversity of the profile in
correspondence to two differant treatement durations
(20 s and 35 s) is also recognized.

25 Under the physical aspect, it has been
ascertained that this thermal rapid annealing treatement
at a high temperature involves the formation of the so-
called defects which act as precursors for the
subsequent nucleation and growing of the precipitates of

30 oxygen.

A further observation at the basis of the
present invention is that a thermal treatement at
temperatures of 900 to 1000 °C of the wafers already
subjected to a rapid thermal annealing does not favour a

35 further necleation, and on the contrary it involves a
dissolution of a certain fraction of the aforementioned
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than those whereat they have been generated. As a
compensétion, this treatement at 900 to 1000 °C involvses
a growing of eventual already existinz precipitation
nuclei and a general stabilization of the defects
created by the rapid thermal annealing treatement.
Finally, at the basis of the present invention
there 1is the discovery that the instability of the
precursors generatad at a high temperature can be put
into so a close relationship with the cooling
conditions, that it is hypothesized that a temperature
gradient at the interior of the wafer during the cooling
can involve a disuniformity of the dissolution of the
defects at a high temperature. This hypothesis that, in
the first place, could explain the difference of the
peak values of the density in correspondence with the
two different surfaces making it to derive from the
differeat emissivity values of said two surfaces, one of
wirich is polished and the other is rough, has bean
corroborated by experimental works that have
demonstrated that the peak corresponding to a surface is
substantially eliminated when the thermal emissivity
through such a surface is greatly raduced and therefore
the cooling of the wafer is greatly slowed down for
instance by means of a thermal shielding of the surface
itself.
With this very important consideration one of

the fundamental characetristics is connected of the

present invention, which consists in the fact *r*.:t the
wafers are not subjected to the treatement singularly,
but physically coupled or paired into a close contact
thereby to achieve their reciprocal ‘thermal shielding.
In this way, what is the double peak distribution
profile of the defects indicated by the arrow of Figure
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wafers in such a manner that the active region, that occupi ¢ &ﬁﬂi%- E ‘1
a few.m n fronlthe surface of the wafer, is conparati F—t-he
afore”@%?ﬁgﬁ "def ects", whereas the-fenalnlng thlckness¥§#ﬁrléyq@?% has
a density of such def ect s sufficiently high for an effective trapping of
t he unde5|red met al |npur|t|es Such techni ques are known as
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defects cl'ost to the surface o |5 namd denuded” zone.
The obj ectd@d>ihePdrleseR®fikgedti 8BAOFR FéthnlheaREravpfbcdasFigpre

control I'i ngp{hgueonifitf rat p@dfafle interests this time two pairad
' wafers which, onc2 separated, will have a dafect density

5 profile that presents a peak in proximity to a surface
and a plateau ne2ar =zero in proximity to the other
surface . It is just the result that one desires to
achieve, without having to resort to long and laborious
complex thermal tr=2ataments for cr=2ating a good denuded

10 zone suitable for the subsequent realization of
integrated circuits. |

In figure 3 the density profiles of the oxygen
precipitates are reported more precisely as a function
of depth, for a wafer treated under a form paired with

15 another wafer, in the casa of two temperatures of
1200 °C and of 1150 °C.

Synthetizing thas observations set forth above,
the process according to the present invention
fundamentally comprises the following treatement

20 operations.

In a second operation the wafers, after having
undergone a staandard chamical corrosion (etching)
treatement, are subjected two by ¢two in a plose
reciprocal contact to a rapid thermal annealing

25 treatement in which they receive a thermal pulse of the
duration of some tens of seconds, at a temperature
comprised within the approximative interval between
1200 °C and 1275 °C. As the density of defects that are
generated depends on both time and temperature, as

30 already put into evidence in Figures 1 and 3, these
parameters depend on the density of the defects that one
desires to achieve.

To this operation a further thermal treatement
follows at a temperature between 950 °C and 1150 °C,

35 eventuaily subdivided into two stages (for instance a
first stags at 900 °C and a second stage at 1000 °C, for
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t he trapplng centres present in silicon wafers and, nore part

‘reall gy defect density profile necessary to achlev 4&""d “"“UULU
zone’ a a good intrinsic trapping efgect. nﬁ,@. @?@3 terns,
a first aspect of the invention relates to the control of the level of

precipitation of oxygen in silicon wafers. A second aspect relates to the
control oftisde erwivadlprof 4 atbwds and of 16 hours respectively).

the aim of this operation is to stabilize and to grow
the precipitation precursors that have been generatad in
the preceding operation, eliminatinz at the same time
5 their unstable fraction.
In the subsequent operation the wafers are
removed from the furnace and the surfaces that were in a
close reciprocal contact during the high temperature
thermal rapid annealing tr2atement are polished in a
10 standard way. In this way, ths peak-plateau profile
crzated in the two precading operations =ansures that
there is a wvery 1low defect density (plateau) in . e
proximity to the polished surface, so realizing a -
denuded zone perfectly suitable for the fabrication of
15 integrated circuits, and a ghigh and well controlled
defect density in proximity to the rear surface of the
wafer, far from the active region, perfectly suitable
for the desired function of trapping the contamination
agants.
20 Within the frame of the present inveation it
has be2n, mor=over, ascertained that the form of the
precipitation profils is at 1least affected, if not
determined, by the presence of a gaseous atmbsphere on
the slices, in particular nitrogen. '
25 Therefore, the profile asymmetry that is
obtained shielding a face of silicon is also due to the
fact that the slice is shielded against the nitrogen
atmosphere.
It ié, moreover, deisred to precisely state
30 that it is not necessary that the shielding is realized
by means of the coupiing of slices as the same effect
can be obtained with another shielding member, e.g. a
quartz plate. ' .
It is even foreseen that the asymmetfy of the
35 profile is at 1least favoured, if not promoted, by a
double gaseous atmosphere, of argon on a face and of
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-3-  oxygen precipitates, in such a manner that the peak of |t he pRBPLAGED

‘ can aGiyghd apping region distinct and far fromthe act] of the
devi ce. A t,%lpgj aspect relates, theregoe, to the fabr*’ﬁ{'iﬁﬁﬁoﬁj

controlled precipitation wafers having an effective denuded zone in

nitrogen on the other face of the slice.

In the above the preferred embodiment has bean
disclosedof the present invention, but it is to be
expressedly understood that variations and modifications

5 can be made to it, without so departing from the scope
of the present invention.
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treat enent of SIH

8 of wafers intended to the fabrication of

integrated circuit el ectronic conponents which conprises the follow ng
fundament @pagpgy.ations: (a) subjecting the wafers to a prelimnary
treatenent, at a tenperature between 950 [err]C and 1150 [err]C, in

t her mal

particul ar at about 1100 [err]C, for a duration of about 15 m nutes;

after a standard chani cal pxwdexs offior the treatement of silicon
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wafers to achieve therein controlled profiles of the
density of precipitations, characterized in that it
comprises the following operations:

(a) subjecting the wafers to a preliminary
thermal treatemeant, at a temperature betwz2en 950 °C and
1153 °C, in particular at about 1100 °C, for a duration
of about 15 minutes;

(b) after a standard chemical corrosion
(etching) treatement, subjecting pairs of wafers paired
into a close thermal reciprocal contact to a rapid
thermal annealing trzsatement, at a temperature betwaen
1200 °C and 1275 °C for a duration of some tens of
saeconds;

(c) subjecting the wafers to a further
extended thermal treatement at a temperature between 900
°C and 1000 °C, and, finally,

(d) extracting the wafers from the furnace and
subjecting the surfaces that were in a close reciprocal
contact during the rapid annealing treatement to a
surface polishing.

2. The process for the treatement of silicon
wafers according to Claim 1, wherein said preliminary
thermal treatement is carried out at about 1100 °C, and
performs the function of further reducing the "defect"
density and establish homogeneous starting conditions.

3. The process for the treatement of silicon
wafers according to Claim 1, wherein said rapid thermal
annealing treatement consists in subjecting the pairs of
coupled wafers to a thermal pulse of a duration of 10 to
40 seconds for the generation of  precipitation
precursors. .

4., The procass for the treatement of silicon
wafers according to Claim 1, wherein said further

(b)
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reci @ h fdier\r;\glmﬁmuﬂlluE “Iﬁlnast thermal anneal i ng t peayrverdo09st a
tenper re bet nd=-1275 [err]C for a duration of sone tens
of seconds; (c) slbj ctﬁn t e wafers to a further extended therma
treatenent at a tenperature between 900 [err]C and 1000 [err] C, and,
finally, esdraadedathengaflhéreatemenitrds cherigdnave dmd ongbjogcttiveg t he
surf aces %?g were in close reciprocal contact during the fast
anneallng §fenent to a surface pol i shing. For the coupling of the two
slices it suffices be /Ihe iprocesechan ddie theeatemeht aét I the two

surfaces: ,gFhes MRLBODRLEAG €20 Claim 4, wherein said further
5 extended thermal tresatemeat 1is carried out in two
stages, in particular a first stags at a temperature of
900 °C and a second stage at a temperature of 1000 °C

for durations of 4 hours and of 15 hours respectively.

6. Tha process for the treatement of silicon

10 wafers according to Claim 1, wherein said close thermal
contact coupling of the wafers is realized with the
simple mechanical-thermal contact between their
surfaces.

7. The process for the treatement of silicon

15 wafers according to Claim 1, wherein said close thermal
contact coupling of the wafers is realized with intimate
coupling methodologias that resalize atomic bonds betwaen
their surfaces (wafer-bonding).

8. A process for the treatement of silicon

20 wafers to achieve therein controlled profiles of the
densities of precipitations, characterized in that it
comprises the following operations:

(a) subjecting the wafers to a preliminary
thermal tr=atement, at a temperature between 950 °C and

25 1150 °C, for a duration of about 15 minutes;

(b) after a standard chemical corrosion
treatement, subjecting the wafers in an inert gaseous
atmosphere, with a shielded face, to a rapid thermal
annealing treatement, at a temperature between 1200 °C

30 and 1275 °C for a duration of some tens of seconds;

(c) subjecting the wafers to a further
extended thermal treatement at a temperature between
900 °C and 1000 °C and, finally, _

(d) extracting the wafers from the furnace and

35 subjecting the shielded surfaces during . the rapid
annealing treatement to a surface polishing.
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"pr rsors" during the thermal fast annealing operation REPLACED
precurs d &. fie process accoghxgg to Claim &,

characterized in that said inert atmosphere is nitrogen.

10. The process according to Claims 8 and 9,

characterized in that said shielding is realized with
5 another silicon slice.

11. The process accordznb to Claims 8 and 9,
characterized in that said shielding is realized with a
quartz plate.

12. Ths process according to Claims 8 and 9,

10 characterized in that said shielding of one face of the
wafer against the nitrogen atmosphere is realized by
applying an argon atmosphere upon such a face. -
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density profile. Further particularities and advantages of the
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REPLACEMENT SHEET

PROCESS FOR ACHIEVING CONTROLLED PRECIPITATION PROFILES IN SILICON WAFERS

Ths present invention generally ra2lates to the
processes for the fabrication of semiconductor material
substrates, especially the so-called silicon "slices" or
wafers, for the manufacture of electronic components.
Mor= particularly, the presant invention relata2s to a
process for the ‘treatement of silicon wafers under
conditions suitable for the control of the concentration
and of the distribution profile of the “gettering"” or

- internal trapping sites. _

As is known, single crystal silicon, which is
the starting aaterial for most processes for the
fabrication of ssa:;iconductor elsctronic components, is
couamonly prepared with the so-called Czochralski process
wherein a single sead crystal is immersad iato molten
silicon and then grown by slow extraction. As molten
silicon 1is contained in 2 quartz crucible, it is
contaminatad with various impuritiass, among which mainly
oxygen. At the temperatures of the silicon molten mass,

~ oxygen comas into the crystal lattice until it rzaches a
concentration detarmined by the solubility of oxygen in
silicon at the temperature of the molten mass and by the
actual ségregation coefficient of oxygen in solidified
silicon. Such concentrations are greater than the
solubility of oxygen in solid silicon at the
temperatures typical for the processes for the
fabrication of integrated circuits. Therefore, as the -
crystal grows from the molten mass and cools, the
solubility of oxygen in it decreases rapidly, whereby in
the resulting slices or wafers, oxygen is present in

- supersaturated concentrations. As it is in
supersaturated concentrations, the subsequent thermal
treatement cycles of the wafers cause the precipitation
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‘of oxygen.

Th2 pracipitation of oxygen can caus2 usaful
effects and harmful —effects. The wuseful effects are
connected with the capabili:y of oxygen precipitates
(and of the "defects" connected thereto) to trap the
undesired metal impurities that could subsequently come
into contact with the wafer during the subsequent
manufacture for the fabrication of the ealectronic
conponent and compromise the performance of the latter.
The harmful effects derive from the fact that such
precipitates themselves will be contamination agants if
they are situated in the active region of the wafer,
where, on the contrary, a very high purity for the
fabrication e.g. of an integrated circuit is necessary.

During years, various schemes have been
suggestad for carryinz out the trsatement of silicon
wvafers in such a manner that the active ragion, tnat
occupies a depth of a few microns from the surface of
the wafer, is coﬁparatively devoid of the aforementioned

- "defects”, whereas the remaining thickness of the wafer
has a density of such defects sufficiently high for an
effective trapping of the undesiresd metal impurities.

Such techniques are Xknown as trapping or
"intrinsic"” gettering techniques and the region devoid
of defects close to the surface of the wafer is named
the denuded zone.

The object of the present invention is to
indicate a process for controlling the concentration of
the trapping centres present in silicon wafers and, more
particularly, for realizing the defect density profile -
necessary to achieve a good denuded zone and a good
intrinsic trapping effect. '

In more precise terms, a first aspect of the
invention relates to the control of the 1level of
precipitation of oxygen in silicon wafers, A second
aspect relates to the control of the density profiled of

Fa
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precisely state that the present inventi(nnﬂg REAHAS BEENON rREPLAGEMENT SHBET
that subjecting the silicon wafers to a fh naﬁmqgggg anne I} n

at a high tenperature, in particul ar betwemrt206—ferr€—=andf 1 0%$:§Pv)f?,
short tinme intervals, a considerable inprovement of oxygen pfegi i (Mo} ps
achieved. In particular, it has been qQbgerved that such an int
depends on tenperature and does not present itself honbgeneous at the
interior of the wafer. Under the |atter aspect, the fornatiomtras—been
observed of dWpeL£oNpeaLigitabepgalin sutWrHxmahh¥rt @ahfte d paglorosurfaces

of the mafenievmthfglmlgggng éaEEa%'£}§5§iSe”E[%Hon fistinct and

far from the active region of thz device. A third aspect
relates, therefore, to th2 fabrication of controlled
precipitation wafers haviag an effective denuded zone in
correspondence with the active region of the device and
a highly effective trapping zone in the remaining
volune.

Thas2 objects ars achievead accordinz to the
presant invantion by means of a procass for the
treatement of silicon slices or wafers intended to the
fabrication of integrated circuit electronic components
which comprises the following fundamental operations:
(a) subjecting the wafers to a preliminary theraal
treatement, at a temperature betwean 950 °C aad 1150 °C,
in particular at about 1100 °C, for a duration of about
15 minutes; (b) after a standard chemical corrosion
(etching) treatement, subjectinz pairs of wafers coupled
in a clos2 reciprocal thermal contact to a fast theraal
annz2aling tr=atement, at a temperature betwa2en 1200 °C
ani 1275 °C for a duration of some tens of saconds; (c)
subjecting the wafers to a further extended thermal
treatement at a temperatura2 dDetwean 90C °C and 1000 °C,
and, finally, (d).extracting the wafars from the furnace
and subjecting the surfaces that werz in closs
reciprocal contact during the fast annsaling treatement
to a surface polishing. For the coupling of the two
slices it suffices to realize a mechanical-thermal
contact between the two surfaces: other methodologies
for coupling more intimately that realize atomic bonds
between the two surfaces (wafer-bonding) aren't
necessary, but can be used. |
. As will be better explained in the following,
the treatement according to the invention initially
produces high temperatur2 nucleation centres, named ths
"precursors” during the thermal fast annealing operation

This Sheet Has Been Replaced -
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‘This is clearly put into evidence in Fig I Bt SHERG A BEENE || WREMABKMENT SHEET
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proximty to the two major surfaces of the waf ggpadrekd he cf :
-are easily recogni zed. The di ver si t y=——of ttre—profil in
correspondence to two different treatement durations (20 s and R5NOY 3996
al so recogni zed. Under the physjcal aspect, it has {bgen

ascertained that this thernmal rapid anneéITng treatenent at {a high
tenperature involves the formation of the so- called defectls—wiich—asct

as Pr.eC“rsora%fd f QhesbNCpEURGEOHES! BUGLEGhLRD1 #Ndg PEOW PP QT {41€ the
preci pitates of oxygen. .
classic "dafects"”. '

Although prior publications exist that report
the generation of thess precursors, considerable
differences exist with resnect to the work performed in .
the frame of the presant invention. First of all, the
generation time scales have shown themselves to be very
faster than those precedently recognized. Secondly, a
lower bound has been racognized only of about 1200 °C
for the high temperature treatement. Thirdly, no nesed
has been found for a treatement at a comparatively low
temperature and, about 650 °C, to obtain the formation
of a convenient defect density profile.

Finally, by virtue of the coupling of two
wafers during the high temﬁerature fast annealing

treatement, ia =2ach wafer a completely unsymmetrical
profile has been realized which scses a very high defect
density by the one side and a very low defect density by
the other side, achieved only by axploitingz the
observation that the modality of the coolinz of the
wafer plays an important c¢8les in tha formation of the
density profile.

Further particularities and advantages of the
prasent invention will turn out to be evident from the
continuation of the disclosure with reference to the
annexed drawings given only as a matter of explanation
and not of limitation, and wherein:

Figure 1 shows a profile of the density of the
precipitates as a function of the depth for a single
silicon wafer heated to a temperature close to 1200 °C -
for two short, but distinct time intervals, of 20 and 35
seconds, respectively;

Figures 2a and 2b comparisonwise show the case
of the treatement of a single wafer and the case of the
treatement of a pair of coupled wafers according to the

present invention;
I
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"A further observation at the basis Pirus SeEgY BASBEEN i |ny cRERLAGEMENT SHEET
that a thermal treatenent at tenperajures REPLROEDtO 100 TC O T he
-waf ers already subjected to a rapid therl g does ho Izgng %996

I a

further necleation, and on the contrary it involves a dissolju
certain fraction of the aforenentioned 5 - :

Figure 3 shows the profile of tha density of
the precipitates as a function of the depth for one of
the two wafers sobjected in a couplad form to the
treatement according to the prasent invention.

Bafore passinz to a detailad description of
the single stages of the process, it is desired to
precisely state that the present invention has started
from the observation that subjecting the silicon wafers
to a thermal rapid annealing treatemeat at a high
temperature, in particular between 1200 °C and 1300 °C,
for short time intervals, a considerable improvement of
oxygen precipitation is achieved. In particular, it has
been observed that such an intensification depends on
temperatura and does not present itself homogeneous at
the interior of the wafer. Under the latter aspect, the
formation has baen observed of two concentration p=2aks,
in proximity to the two major surfaces of the wafers,
with a minimum plateau in the central zone.

This is clearly put into evidance in Figure 1,
wherein the two peaks in proximity to the two major

-
-
-
&

surfaces of the wafer and the central plateau are easily
recognized. The diversity of the profile in
corraspondence to two differant treatement ducrations
(20 s and 35 s) is also racognizad.
_ Undar the physical aspect, it has been
~ascertained that this thermal rapid annealing treatement
at a high temperature involves the formation of the so-
called defects which act as precursors for the
" subsequent nucleation and growing of the precipitates of
oxygen. : . _ -
A further observation at the basis of the
present invention 'is that a thermal treatement at
temperatures of 900 to 1000 °C of the wafers already
subjected to a rapid thermal annealing does not favour a
further necleation, and on the contrary it involves a
dissolution of a certain fraction of the aforementioned

This Sheet Has Been Replace
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proved that such precursors present a c rtaln&wnﬁcmmlllty wh they are
.cool ed at tenperatures | ower than thosetwrereat—they nhave Hedn ggpﬂg@tpﬁ‘
As a conpensation, this treatement at 900 to 1000 [err]C involv gr owi ng

of eventual already existing precipitat ison_

precursors gensrated at a high temperature. Inde=2d, it
has bean proved that such precursors preseat a certain
instability when they are cooled at temperatures lowver
than those whereat they have bean generated. As a
compensation, this traatement at 900 to 1000 °C involvsas
a growing of eventual already existin3 precipitation
nuclei and a general stabilization of the defects
created by the rapid thermal annealing treatement.
Finally, at the basis of the presant invantion
there is the discovery that the instability of the
precursors generatad at a high temperature canm be put
into so a close "relationship with the cooling
conditions, that it is hypothesized that a temperature
gradient at the interior of the wafer during the cooling
can involve a disuniformity of the dissolution of the
defects at a high temperature. This hypothesis that, in
the first place, could explain the difference of the
peak values of the density in correspondence with the
-two different surfacas making it to derive from the
differeat emissivity valuess of said two surfaces, one of
wiich is polished and the other is rough, has be2n
corroborated by experimental  works that have
demonstrated that the peak corresponding to a surface is
substantially eliminated when the thermal emissivity
through such a surface is greatly reduced and therefore
the cooling of the wafer is greatly slowed down for
instance by means of a thermal_shielding of the surface
itself. '
With this very important consideration one of
the fundamental characetristics is connected of the
present invention, which consists in the fact r*.: the
wafers are not subjected to the treatement singularly,
. but physically coupled or paired into a close contact
thereby to achieve their reciprocal thermal shielding.
In  this way, what is the double peak distribution
profile of the defects indicated by the arrow of Figure

This Sheet Has Been Replaced
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thermal annealing treatenent.
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~present invention there is the discovery rat—t+he—+iks
precursors generated at a high tenperature can be put
relationship with the cooling condijions, that it

tenperature gradient at the interior of the wafer dur
i nvolve a disuniformty of the dissolution of the def
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2b, but such a profile intersests this time two pairad
wafers which, once2 separated, will have a dafect density
profile that presents a peak in proximity to a surface

-and a plateau near zero in proximity to tha other

surface . It is just the result that one desires to
achieve, without having to resort to long and laborious
complex thermal ﬁreatements for cr2ating a good denudad
zone suitable for the subsequent realization of
integrated circuits,

In figure 3 the density profiles of the oxygen
precipitates are reported more precisely as a function
of depth, for a wafer treated under a form paired with
another wafer, in the cassz of two temperaturas of
1200 °C and of 1253 °cC.

Synthetizing tha observations set forth above,
the process according to the present invention
fundameatally comprises the following treatement
operations.

In a second operation the wafers, after having
undergone a standard chemical corrosion (etching)
treatement, are subjected two by two in a closs
reciprocal contact to a rapid thera;al aanealing
treatement in which they receive a thermal pulse of the
duration "of some tens of seconds, at a temperature
comprised within the approximative interval between
1200 °C and 1275 °C. As the density of defects that are
generated depends on both time and temperature, as
already put into evidence in Figures 1 and 3, these
parameters depend on the density of the defects that one
desires to achieve.

To this operation a further thermal treatement
follows at a temperature between 950 °C and 1150 °cC,
eventually subdivided into two stages (for instance a
first stage at 900 °C and a second stage at 1000 °C, for

Thls Shect Has Been Replaced
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two different surfaces nmaking it to derifw I ent

val ues of said two surfaces, one of whi chﬁﬂlfss%%%gﬂéé#% R he’ﬁmlfr%”@
Fough, has been corroborated by ex [ hat have
denonstrated that the peak corresponding to a surface is supst a@td NOVy1996
el imnated when the thermal em ssivity_ tgrough such a surf Is greatly
reduced and therefore the cooling of the wafer is greatly gJ owed down Tor

i nstance by nmeans of a thermal shielding of the surface itslelf

Wth this venyjdMtedValc0nE deid) 41 o lhadutdamiyeditively).

characetrlstlcs |§1§og?e%HTg opépftlon is to stabilize and to grow
the precipitation precursors that have been generatad in
the preceding operation, eliminating at the same time
their unstable fraction. |

In the subsequent operation the wafers are
removed from the furnace and the surfaces that were in a
close reciprocal contact ducring the  high temperature
thermal rapid annealiag trzatement are polished in a
standard way. In this way, tha2 peak-plateau profilse
creatad in the two preceding operations ensures that
there is a very 1low defect density (plateau) in
proximity to the polished surface, so realizing a
denuded zone perfectly suitable for the fabrication of
integrated circuits, and a ghigh and well controlled
defect density in proximity to the r2ar surface of thes
wafer, far from the active region, perfectly suitable
for the desired function of trapping the contamination
agants.

Within the frame of the present inveation it
has be2n, mora2over, ascertainad that the form of the
precipitation profils is at 1least affected, if not
determined, by the presence of a gaseous atmosphers on
the slices, in particular nitrogea.

Therefore, the profile asymmetry that is
obtained shielding a face of silicon-is also due to the
fact that the slice is shielded against the nitrogen
atmosphere,

It is, moreover, deisred to precisely state
that it is not necessary that the shielding is realized -
by means of the coupling of slices as the same effect
can be obtained with another shielding member, e.g. a
quartz plate.

It is even foreseen that the asymmetry of the

-profile is at 1least favoured, if not promoted, by a
double gaseous atmosphere, of argon on a face and of

Sheet Has Been Replaced -
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present invention, which consists in the {agis $HEHT e R S

subjected to
fnto a close
In this way,
I ndi cat ed by
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;
the treatenent singularly, bbt{phya?E&¢My cougl

contact thereby to achieve tReiT Tecrprocar THef npl _Nﬁ
what is the double peak distribution profile of|[the de

pd or parred

the arrow of Figure 9

nitrogen on thé'bcher face of the slice.

In the above the praferred embodiment has bean
disclosedof the presant invention, but it is to be
expressedly understood that variations and modifications

can be made to it, without so departing from the scope -

of the present invention.
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CLAIMS:

1. A process for the treatement of silicon
wafers to achieve therein ‘controlled profiles of the
density of precipitations, characterized in that it
comprises the following operations:

(a) subjecting the wafers to a preliminary
thermal treatemeat, at a teamperature betwesen 950 °C and
1153 °C, in particular at about 1100 °C, for a duration
of about 15 minutes; '

' (b) after a standard chamical corrosion
(etching) tresatement, subjecting pairs of'wafers paired
into a close thermal reciprocal contact to a rapid
thermal annealing trsatement, at a temperature betwaen
1200 °C and 1275 °C for a duration of some tens of
saconds; . | _

" (c) subjecting the wafers to a further
extended thermal treateament at a temperature between 900
°C and 1000 °C, and, finally, '

(d) extracting the wafers from the furnace and
subjecting the surfaces that were in a close reciprocal
contact during the rapid anaealing treatement to a
surface pollshlng.

' 2. The process for the treatemeat of sillcon
wafers according to Claim 1, wherein said preliminary
thermal treatement is carried out at about 1100 °C, and
perfotms.the function of further reducing the “defect"
density and establish homogeneous starting conditions.

3. The process for the treatement of silicon
wafers according to Claim 1, wherein said rapid thermal
annealing treatement consists in subjecting the péirs of
coupled wafers to a thermal pulse of 'a duration of 10 to
40 seconds for the generation of precipitation
precursors. .

4, The process for the treatement of silicon
wafers according to Claim 1, wherein said further

ect Has Been Replaced
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stages. _ .
S. The procaess for the treatement of silicon

wafars according to Claim 4, wherein said further

extended thermal treatemeat is carried out in two
stages, in particular a first stags at a temperature of
900 °C and a second stage at a teamperature of 1000 °C
for durations of 4 hours and of 15 hours respectively.
6. The process for the treatement of silicon
wafaers. according to Claim 1, wherein said close thermal
contact coupling of the wafers is realized with the
simple mechanical-thermal contact between their
surfaces. _ _
7. The process for the treatement of silicon

-wafers according to Claim 1, wherein said close thermal

contact coupling of the wafers is realized with intimate
coupling methodologies that rzalize atomic bonds betwaen
their surfaces (wafer-bonding).

8. A process for the treatement of silicon
wafars to achieve therein controlled profiles of the
densities of precipitations, characterized in that it
comprises the following operations:

(a) subjecting the wafers to a preliminary
thermal trzatement, at a temperature betwz2en 950 °C and
1159 °C, for a duration of about 15 minutes;

" (b) after a standard chemical <corrosion
treatement, subjecting the wafers in an inert gaseous
atmosphere, with a shielded face, to a rapid thermal
annealing treatement, at a temperature between 1200 °C
and 1275 °C for a duration of some tens of seconds;

(¢) subjecting the wafers to a further
extended thermal treatement at a temperature between
900 °C and 1000 °C and, finally, '

(d) extracting the wafers from the furnace and
subjecting the shielded surfaces during the rapid
annealing treatement to a surface polishing.
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fundanental |y COﬁDFLSﬁS__ the foll ow ng THIS SBEERHSHBEBYer tﬁ%ﬁégEMtNFSHEET
In a se mafers after hfvi ng REPUAECERNe al { st andard
'chem ca E a\ﬂg!m h| ng) treatenment, are subjected 25 NOWW1996
in I* contact to a rapid thermal anndaling

treatenent in which they receive a thernal pulse of the durgtion
tens of seconds, at. a tenperature conp?ﬂséﬂ within the appraxinative

i nterval between 1200 [err]C and 1275 [err]C. As the density of defects

that are generated depgnds bot h_tinme and tenperatur a | ready put
into evidence in Figurg iﬁa 3, PRORey? according - £o “TlEda 8,
characterized in that said inert atmosphere is nitrogsen.

10. The process according to Claims 8 and 9,
characterized in that said shielding is realizad with
another silicon slice. '

11. The process according to Claims 8 and 9,
characterized in that said shielding is realized with a
quartz plate.

12. Thz procass éccoéding to Claims 8 and 9,
characterized in that said shieldihg of one face of the
wafer against the nitrogen atmosphere is realized by
applying an argon atmosphere upon such a face.

ThlS Sheet Has Been Replaced
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paraneters depend on the deémiG QL8 0Fnd defects that one degrres
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“a tenperature between 950 [eFF}G%aﬁJa 150 [err] C, eventually gubdivided

into two stages (for instance a first stage at 900 [err] C apd a1s§qqm@1gg7
stage at 1000 [err]C, for -1 - _

PROCESS FOR ACHIEVING CONTROLLED PRECIPITATION PROFILES IN SILICON WAFERS

The present invention generally relates to the
processes for the fabrication of semiconductor material
substrates, especially the so-called silicon "slices" or
wafers, for the manufacture of electronic components.
More particularly, the present ianvention relatas to a
process for the -treatement of silicon wafers under
conditions suitable for the control of the concentration
and of the distribution profile of the "gettering" or
internal trapping sites.

As is known, single crystal silicon, which is
the starting material for wmost processes for the
fabrication of ss2miconductor elactronic components, is
commonly prapared with the so-called Czochralski process
wherein a sinzle sead crystal is immersad into molten
silicon and then grown by slow extraction., As molten
silicon is coﬁ:ained in a gquartz crucible, it is
contaminated with various impuritiss, among which mainly
oxygen. At the temperature of the silicon molten mass,
oxygen comes into the crystal lattice until it rsaches a
concentration determined by the solubility of oxygen in
silicon at the temperature of the moltan mass and by the
actual ségregation coefficient of oxygen in solidified
silicon. Such concentrations are greater than the
solubility of oxygen in solid silicon at the
temperatures typical for the processes for the
fabrication of integrated circuits. Therefore, as the
crystal grows from the molten mass and cools, the
solubility of oxygen in it decréases rapidly, whereby in
the resulting slices or wafers, oxygen is present in

- supersaturated concentrations. As it is in
supersaturated concentrations, the subsequent thermal
treatement cycles of the wafers cause the precipitation




- 8- time intervals of 4 hours and of 16 hours respecti vel
“this operation is to stabilize and to grow the precipitatio BEHMHEMH%H'SHEET
"that have been generated in the preceding operation, elimn natimg—at

same time their unstable fraction. I n the subsequé¢nt

the wafers are s’ ﬁhhoﬁQ?

of oxygen.
The precipitation of oxygen can caus2 usaful

effects and harmful effects. The useful effects are
connected with the capability of oxygen precipitates
(and of the "defects" connscted thsreto) to trap the
undesired metal impurities that could subsequently come
into contact with the wafer during the subsequent
manufacture for the fabrication of the electronic
componant and compromise the performance of the latter,
The harmful effects derive from the fact that such
pracipitates themselves will be contamination agents if
they ara situated in the active region of the wafer,
where, on the contrary, a very high purity for the
fabrication e.g. of an integrated circuit is necessary.

. During years, various schemes have been
suggestad for carrying out the tresatement of silicon
wafers in such a manner that the active ragion, that
occupies a depth of a few microns from the surface of
the wafer, is comparatively devoid of the aforementioned
"defects"”, whareas the‘remaining thickness of the wafer
has a density of such defects sufficiently high for an
effective trapping of the undesired metal impurities.

Such techniques are known as trapping or
“"intrinsic" gettering techniques and the region devoid
of defects close to the surface of the wafer is named
the denuded zone. |

The object of the present inveation is to
indicate a process for controlling the concentration of
the trapping centres present in silicon wafers and, more
particularly, for realizing the defect density profile -~
necessary to achieve a good denuded.zone and a good
intrinsic trapping effect.

In more precise terms, a first aspect of the
invention relates to the control of the 1level of
precipitation of oxygen in silicon wafers. A second
aspect relates to the control of the density profiled of
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contact during the high tenperature thermal rapid annealing f
poli'shed in a standard way. In this way, the peak-plateau pr¢fijl e created
in the two preceding operations ensures that there is a very|l ¢w dbfMaR 1997
density (plateau) in proximty to the polished surface, so re¢allizing a
denuded zone perfectly suitable for #h8 fabrication of integfated circuits,
and a ghigh and well controlled defect density in proximty the rear

surface of the wafer, far fromthe active region, perfectly suitable for
the desiredxiygast i preoipitapds nglinhsushntaamannepnthat the peak of

the profile canm act as a trapping region distinct and
far from the active region of thz device. A third aspect
relates, therefore, to the fabrication of controlled
precipitation wafers haviag an effactive denuded zone in
correspondence with the active region of the device and
a highly effective trapping zone in the remaining
volune.

Thssz2 objacts are "achieved according to the
present inveation by me2ans of a procass for the
treatement of silicon slices or wafers intended to the
fabrication of integrated circuit electronic components
which comprises the following fundamental operations:
(a) subjecting the wafers to a preliminary theraal
trasatement, at a temperature betwean 950 °C and 1150 °C,
in particular at about 1100 °C, for a duration of about
15 minutes; (b) after a standard chemical corrosion
(etching) treatement, subjectinz pairs of wafers couplad
in a closz2 reciprocal thermal coatact to a fast thermal
annealing tr=atement, at a temperature betw2en 1200 °C
and 1275 °C for a duration of some teas of sesconds; (c)
subjecting the wafers to a further extended thermal
treatement at a temperature between 900 °C and 1000 °C,
and, finally, (d) extracting the wafers from the furnace
and subjecting the surfaces that werea in close
reciprocal contact during the fast ahnealing tresatement
to a surface polishing. For the coupling of the two
slices it suffices to realize a mechanical-thermal
contact between the two surfaces: other methodologies
for coupling more intimately that realize atomic bonds
between the two surfaces (wafer-bonding) aren't
necessary, but can be used.

As will be better explained in the following,
the treatement according to the invention initially
produces high temperature nucleation centres, named the
“precursors” during the thermal fast annealing operation



agents. Wthin the frame of the present invention
_noreover, ascertained that the formof the precipitation p
| east affected, if not determ ned, by the presence of a

at nosphere on the slices, in particular nitrogen.
profile asymetry that is obtained shielding a face of sili
to the fact that the slice is shielded pgai nst the nitrogen
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It is, noreover, deisred to precisely state that it is not
the shielding is realized
and these precursors subsequently give rise

classic "dafects".

to ‘the

Although prior publications exist that report
the generation of thasa precursors, considerable
differences exist with respect to th2 work performed in
the frame of the presant invention. First of all, the
generation time scales have shown themselves to be very
faster than those precedently recognized. Secondly, a

lower bound has bean racognized only of about
for the high temperature traatement. Thirdly,

1200 °C
a0 naed

has been found for a treatement at a comparatively low
temperature and, about 650 °C, to obtain the formation

of a convenient defect density profile.
Finally, by virtue of the coupling

of two

wafers during the high temperature fast annealing
treatement, in =2ach wafer a completely unsymmetrical
profile has been realized which sses a very high defect
density by the one side and a very low defect density by
the other side, achieved only .by axploiting the

"observation that. the modality of the cooling

of the

wafer plays an important rdle ih tha formation of the

density profile.

Further particularities and advantages of the

pra2sent inveation will turn out to be evident from the
continuation of the disclosure with reference to the

annexed drawings given only as a matter of explanation

and not of limitation, and wherein:

Figure 1 shows a profile of the density of the
precipitates as a function of the depth for a single

silicon wafer heated to a temperature close to

1200 °C -~

for two short, but distinct time intervals, of 20 and 35

seconds, respectively;
Figures 2a and 2b comparisonwise show

the case

of the treatement of a single wafer and the case of the

treatement of a pair of coupled wafers according to the

present invention;
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5
that the asymetry of the profile is at |east favoured, if nbtrpqqu3ﬁm4ggy
a doubl e gaseous at nosphere, of argon on a face and of '

Figure 3 shows the profile of the density of
the precipitates as a function of the depth for one of
the two wafers sobjected - in a couplad form to the
treatament according to the prasent invention.

Before passing to a detailad desscription of
the single stages of the process, it is desired to
precisely state that the present invention has started
from the observation that subjecting the silicon wafers
to a thermal rapid annealing treatement at a high
temperature, in particular between 1200 °C and 1300 °C,
for short time intervals, a considerable improvemeat of
oxygen precipitation is achieved. In particular, it has
been observed that such an intensification depends on
temperature and does not preseant itself homogeneous at
the interior of the wafer. Under the latter aspect, the
foramation has bz2en observed of two concentration p2aks,
in proximity to the two major surfaces of the wafers,
with a minimum plateau in the central zoae.

This is clearly put into evidance in Figure 1,
wharein the two peaks in proximity to the two major
surfaces of the wafer and the central plateau are easily
recognized. The divarsity of the profile in
corraspondence to two differant treatement durations
(20 s and 35 s) is also recognized.

Under the physical aspect, it has bean

. ascartained that this thermal rapid annealing treatement
at a high temperature involves the formation of the so-
called defects which act as precursors for the
subsequent nucleation and growing of the precipitates of
oxygen, -

A further observation at the basis of the
present invention is that a thermal treatement at
temperatures of 900 to 1000 °C of the wafers already
subjected to a rapid thermal annealing does not favour a
further necleation, and on the contrary it involves a
dissolution of a certain fraction of the aforementioned



nitrogen on the other face of the slice. In the ago it
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to be expressedly understood that variations and nodificatigng can be m@&?
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precursors genaerated at a high temperature. Indeed, it
has bean provad that such precucrsors preseat a certain
instability when they are coolaed at temperatures lower
than those whereat they have baan generated. As a
compensation, this treatement at 900 to 1000 °C involvss
a growing of eventual already existing precipitation
nuclei and a general stabilization of the defects
created by the rapid thermal annealing treatement.

Finally, at the basis of the present invention
there is the discovery that the instability of the
precursors generatad at a high temperature can be put
into so a close relationship with the cooling
conditions, that it is hypothesized that a temperature
gradient at the interior of the wafer during the cooling
can involve a disuniformity of the dissolution of the
defects at a high temperature. This hypothesis that, in
the first place, could explain the differeance of the
peak values of the density in correspondence with the
two different surfacss making it to derive from the
different emissivity valuas of said two surfaces, one of
wirich is polished and the other is rough, has be2n
corroborated by experimental works that have
demonstrated that the peak corresponding to a surface is
substantially eliminated when tha thermal emissivity
through such a surface is greatly reduced and therefore
the cooling of the wafer is greatly slowed down for
instance by means of a thermal shielding of the surface
itself. .

With this very important consideration one of
the fundamental characetristics is connected of the
present invention, which consists in the fact that the
wvafers are not subjected to the treatement singularly,
but physically coupled or paired into a close contact
thereby to achieve their reciprocal thermal shielding.
In this way, what is the double peak distribution
profile of the defects indicated by the arrow of Figuras
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2a, in which a single wafer is exposed, remains always a
double peak profile as shown with the arrow II in Figurce
2b, but such a profile interests this time two pairad
wafers which, oncs separated, will have a dafect density
profile that presents a peak in proximity to a surface
and a plateau near zero in proximity to the other
surface . It is just the result that one desires to
achieve, without having to resort to long and laborious
complex thermal trz2atsments for cr2ating a good denudad
zone suitable for the subsequent realizatioa of.
integrated circuits.

In figure 3 tha density profiles of the oxygen
precipitates are reported more precisely as a function
of depth, for a wafer treated under a form paired with
another wafer, in thé cas2 of two temperaturas of
1200 °C and of 1250 °cC.

Syanthetizing ths observations set forth above,
the process according to the present inveantion
fuhdamentally comprises the following treatement
operations.

In a second operation the wafers, after having
undergone - a standard chemical corrosion (etchiag)
treatement, are subjected two by two in a closa
reciprocal contact to a rapid thermal annesaling
treatement in which they receive a thermal pulse of the
duration of some tens of seconds, at a temperature
comprised within the approximative interval between
1200 °C and 1275 °C. As the density of defects that are
generated depends on both time and temperature, as
already put into evidence in Figures 1 and 3, these
parameters depend on the density of the defects that one
desires to achieve.

To this operation a further thermal treatement
follows at a temperature between 950 °C and 1150 °C,
eventually subdivided into two stages (for instance a
first stagas at 900 °C and a second stage'at 1000 °C, for
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achi eve therein controlled profiles of the density of precigditaiLLons

characterized in that it conprises the follow ng operations: &@}
subjecting the wafers to a prelimnary thermal treatenment, gt ﬂémﬁ%“a e

between 950 [err]C and 1150 [err]C, in particular at about 11 L C—for
a duration of about 15 m nutes; -8 -(b) after a stgndard chem cal
corrosion

time intervals of 4 hours and of 16 hours respectively).
the aim of this operation is to stabilize and to grow
the precipitation precursors that have been generatad in
the preceding operation, eliminatinz at the same time
their uastable fraction.

In the subsequent operation the wafers are
removed from the furnace and the surfaces that were in a
close reciprocal coatact ducringz the  high temperature
thermal rapid annealing treatement are polished in a
standard way. In this way, th2 peak-plateau profile
cr2ataed in the two pracading operations ensures that
there is a very low defect densit§ (plateau) in
proximity to the polished surface, so realizing a
denuded zone perfectly suitable for the fabrication of
integrated circuits, and a ghigh and well controlled
defect density in proximity to the rs2ar surface of tha
wafer, far from the active region, perfectly suitable
for the desired function of trapping the contamination
agants. '

Within the frame of the prasent inveation it
has bean, mbreover, ascertainad that the form of the
precipitation profilzs is at least 'affected, if not
determined, by the presence of a gaseous atnosphere on
the slices, in partiéular nitrogen.

Therefore, the profile asymmetry that is
obtained shielding a face of silicon is also due to the
fact that the slice is shielded against the nitrogen
atmosphere.

It ié, moreover, deisred to precisely state
that it is not necessary that the shielding is realized ~
by means of the coupling of slices as the same effect
can be obtained with another shielding member, e.g. a
quartz plate,

It is even foreseen that the asymmetry of the
profile is at least favoured, if not promoted, by a
double gaseous atmosphere, of argon on a face and of



(etching) treatenent, subjecting pairs of wafers paired into

a clase

thermal reciprocal contact to a rapid thermal annealing trea
tenperature between 1200 [err] C and 1275 [err]C for a durati ¢

of seconds; (c) subjecting the wafers to a further
thermal treatenment at a tenperature between 900 [err] C and 1d
and, finally, (d) extracting the wafers fromthe f(

CAEPACEMENT SHEET

subj ecting the surfaces that were in a ¢l ose reciprocal contd

ct during the

rapid annealinng treatement to a surface polishing.
nitrogen on the other face of the slice.

In the above thé preferred embodiment has bean

disclosedof the presant invention, but it is

to be

- expressedly understood that variations and modifications
can be made to it, without so departing from the scope

of the present invention.




2. The process for the treatenment of silicon wafers according to Claim i

\Wnerei n sai d prelimnary thermal treatenent is carried out F@meE
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wafers to a thermal pulse of a duration of 10 to 40 seconds for
of precipitation precursors. 4. The pkocessfor—i-he.

generation
t r eat enent

t he

oLasubkcon

1. A process for the treatement of silicon
wafers to achieve tharein controlled profiles of the
density of precipitations, characterized in that it
comprises the following operatiouns:

(a) subjecting the wafers to a preliminary
thermal treatement, at a temperature betwaen 950 °C and

1159 °C, in particular at about 1100 °C, for a duratlon

of about 15 minutes;

(b) after a standard chamical corrosion
(etching) treatement, subjecting pairs of wafers paired
into a close thermal reciprocal contact to a rapid
thermal annsaling trzatement, at a temperature betwaen
1200 °C and 1275 °C for a duration of some tens of
saconds; .

(c) subjecting the wafers to a further

extended thermal treatement at a temperature between 900

°C and 1000 °C, and, finally, _ .

(d) extracting the wafers from the furnace and
subjecting the surfaces that were in a close reciprocal
contact during the rapid anaealing treatement to a
surface polishing. _

2. The process for the treatemeant of silicon
wafers according to Claim 1, wherein said preliminary
thermal treatement is carried out at about 1100 °C, and
performs the function of further reducing the "defect"”
density and establish homogeneous starting conditions.

_ 3. The process for the treatement of silicon
wvafers according to Claim 1, wherein said rapid thermal
annealing treatement consists in subjecting the pairs of
coupled wafers to a thermal pulse of 'a duration of 10 to
40 seconds for the generation of precipitation
precursors. '

4, The procass for the treatement of silicon
wafers according to Claim 1, wherein said further
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éxtanded thermal treatement is carried out in one or two
stages.

5. The procass for the treatement of silicon
wafers according to Claim 4, wherein said further
extended thermal treatemeat is carried out in two
stages, in particular a first stagz at a témperature of
900 °C and a second stage at a temperature of 1000 °C
for durations of 4 hours and of 16 hours respectively.

6. Tha process for the treatement of silicon
wafers. according to Claim 1, wherein said close thermal
contact coupling of the wafers is realized with the
simple mechanical-~thermal contact between their
surfaces.

7. The process for the treatement of silicon
wafers according to Claim 1, wherein said close thermal
contact coupling of the wafers is realized with intimate
coupling methodologiss that r2alize atomic bonds betwaen
their surfaces (wafer-bonding).

8. A process for the treatement of silicon
wafers to achieve therein controlled profiles of the
densities of precipitations, characterized in that it
comprises the following opéra;ions:

(a) subjecting the wafers to a preliminacy
thermal trsatement, at a témpera:ure betwaen 950 °C and
1150 °C, for a duration of about 15 minutes;

" (b) after a standard chemical corrosion
treatement, subjecting the wafers in an inert gaseous
atmosphere, with a shielded face, to a rapid thermal
annealing treatement, at a temperature between 1200 °C
and 1275 °C for a durétion of some tens of seconds; ~

(c) subjecting the wafers to a further
extended thermal treatement at a temperature between
900 °C and 1000 °C and, finally, '

(d) extracting the wafers from the furnace and
subjecting the shielded surfaces during the rapid
annealing treatement to a surface polishing.
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4, wherein er extended thernmal treatenent is cdrrfe
two sta MII ﬂﬂﬂl Hﬂ‘f&  a first stage at a tenperature of |9
a secon " erature of 1000 [err] C for durations

6. 1he process for the tjreatenent of

of 16 hours respectively.
silicon wafers according to Claim 1, mhereln said cl ose ther
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coupling of the wafers is realized with the sinple nechanical-therna

cont act between tlgejr The process according to Claim

8,

characterized in that said inert atmosphere is nitrogen.
10. The process according to Claims 8 and 9,
characterized in that said shielding is realizad with

another silicon slice.

11. The process according to Claims 8 and 9,
characterized in that said shielding is realized with a

quartz plate.

12. The process according to Claims 8 and 9,
characterized in that said shielding of one face of the
wafer against the nitrogen atmosphere is realized by

applying an argon atmosphere upon such a face.
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bonds between their surfaces (wafer-bonding). 8. A proces or
the treatenent of silicon wafers to achi eve therein control ljed-profrtes—of—
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fol |l ow ng operati ons: (a) subjecting the wafers to & prerfmTary

thermal trealyyBiilss 3t pdr! S REAREVISG S Iifho kD ¢ PrEA I TarTon

PROFILES IN SILICON WAFERS
ABSTRACT

The object of the invention is a process for the
treatment of silicon wafers to achieve therein
controlled precipitation profiles for the manufacture
of electronic components, comprising the following
fundamental operations: a) subjecting the wafers to a
preliminary thermal treament, at a temperature b;tween
950°C and 1150°C, in particular at about-ilOO°C, for a
duration of about 15 minutes; b).after a standard
chemical corrosion (etching) treatment, subjecting
pairs of coupled wafers in a close reciprocal theraml
qontact to a rapid thermal annealing treatment, at a
temperature betwéen 1200°C and 1275°C for a duration of
some tens of seconds; c).subjecfing the wafers to a
further éktended thermal treatment at a temperature
between 900°C and 1000°C, and, finally, d) extracting
the wafers from the furnace and subjecting the
surfaces that were in a close recipfocal contact
during the rapid annealing treatment to a surface
polishing. The resulting wafers have a profile of the
density of the precipitates that presents a
concentration peak in proi.mity to a surface (trapping
zone) and a very low concent:ation plateau in

proximity to the other surface (active zone).

FIGURE 1



1150 C, for a duration of about 15 m nutes; (b) &

ftor —a-
Sstandard chem cal corrosion treatenent, subjecting the waf arﬁEPLAG_EMEN'hGSi'tEET

gaseous atnosphere, with a shielded face, to a rapid thernal
treatement, at a tenperature between 1200 [err]C and 1275 [e
duration of some tens of seconds; "7 7 (c) subjecting

to a further extended thernal treatehent at a tenperature 900
[err]C and 1000 [err]C and, finally, (d) extracting the wafers

fromthe furnace and subjecting the shielded surfaces during
annealing treatement to a surface polishing.

FIG. 1
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10. The

characterized in that said inert atnosphere is nitrogen
process according to Clains 8 and 9, characterized in that sagd—shretdin
11. The pr oic BEBLAGRMENR SHEET

is realized with another silicon slice.
I

to Clainms 8 and 9, characterized in that said shielding is r
12. The process according to dains apd{% MAR 1397
I nst the

quartz plate.
characterized in that said shielding of bne face of the wafer| apa
nitrogen atnosphere is realized by applying an argon atnosphferée upon suc

a face.
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PROCESS FOR ACHIEVING CONTROLLED PRECIPITATION
PROFILES IN SILICON WAFERS

ABSTRACT

The object of the invention is a process for the
treatment of silicon wafers ‘to achieﬁe therein
controlled precipitation profiles for the manufacture
of electronic components, comprising the following
fundamental operations: a) subjecting the wafers to a
preliminary thermal treament, at a temperature between
950°C and 1150°C, in particular at about 1100°C, for a
duration of about 15 minutes; b) after a standard
chemical corrosion (etching) treatment, subjecting
pairs of coupled wafers in a close reciprocal theraml
contact to a rapid thermal'annealing treatment, at a
temperature between 1200°C and 1275°C for a duration of
some tens of seconds; c¢) subjecting the wafers to a
further extended thermal treatment at a temperature
between 900°C and 1000°C, and, finally, d) extracting
the wafers £from the furnace and subjectirig the
‘surfaces that were in a close reciprocal contact
during the rapid annealing. treatment to a surface
polishing. The resulting wafers have a profile of the
density of the precipitates that presents a
concentration peak in.prbxtﬁity.to a surface (trapping
zone) and a very 1low concentration plateau in

proximity to the other surface (active zone).
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