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INV@NTICN 1. FIELD OF THE I NVENTION 5 The present invention relates to an
S@ “substrate and a nethod of producing the SO substrate having an
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The sem conduct or- substrate can be produced by a wafer bondi
~ The present invention relates to an SOI substrate and a method of producing the

‘SOI substrate having an insulation layer in a single-crystal silicon substrate.
2. DESCRIPTION OF THE RELATED ART

Tt is known well that the thin single-crystal silicon layer provided on an insulation
layer is preferable than making an integrated circuit on the bulky single-crystal silicon
substrate in view of the electrical characteristics of the elements and separation of the
respectlve clements.

A semiconductor substrate having, in an electrically insulated state, the surface
single-crystal silicon layer, in which the elements are formed, by making an insulation

~ layer (SiOz2) in the single-crystal silicon substrate is generally called as "SOI (Silicon On
- Insulator)". The semiconductor substrate can be produced by a wafer bonding method or

an oxygen-ion implantation method. The former wafer bonding method is that an oxide
layer is formed on the single-crystal silicon substrate, next an other single-crystal silicon
substrate is stuck to join thereon and a thin active silicon layer is formed by means of the
whetted one of the single-crystal silicon substrate, The later oxygen-ion implantation

method is called as SIMOX (Separation by IMplanted OXygen) and has attracted attention -
lately to be preferable to form a thin-film active silicon layer to avail of a'_l_arge-scale o

integration, which forms a buried oxide layer inside the silicon substrate by being allowed
to react with Si and O in a high-temperature anneal processing (1,100 - 1,300 °C) after
implanting a high-dose oxygen ion (150%) into the single-crystal silicon substrate.
Particularly, a SIMOX substrate can cause the single-crystal silicon substrate. to be an
active layer having an uniform thickness, though the surface single-crystal sxhcon layer is
not received with a processing of whet as a sticky substrate.

However, when the buried oxide layer is formed in the above-stated silicon
substrate by the anneal processing after implanting the oxygen ions into the single-crystal
silicon substrate, there are following disadvantages.

(1) The high quality SIMOX substrate has a low dislocation density of the surface
single-crystal silicon and surpasses in the electrically insulated state of the buried oxide
layer. But, since the buried oxide layer is thin and the thickness is 80 - 90 nm, if a particle
10 attaches on a surface of a single-crystal silicon substrate 1 when the oxygen ion is
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an oxygen-ion inplantation nethod. The former wafer bonding nmethod is that
an oxide 20 layer is fornmed on the single-crystal silicon substrate, next
afk ot her single-crystal silicon substrate is stuck to join thereon and a
thin active silicon layer is formed by nmeans of the whetted one of the
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layer by being increased in the dose of the oxygen ions to. 1.0 x 1018/cm? 2.0 x 1018/cm2,
a crystal defect, or the dislocation density is increased in the surface of single-crystal
silicon layer. Particularly, in and over 1.5 x 1018/cm?2, the dislocation density is suddenly
_ increased.
15 (3) In the substrate increased in the dose of the oxygen ions to 0.5 x 1018/cm? -
0.9 x 10!%/cm? within the range of the non-increasing crystal defect density, a strength of
breakdown electric field in the buried oxide layer is a small range of 0 - 1 MV/cm and the
electric insulation property is low as charted in Fig. 11. i
(4) In the SIMOX substrate having the thin buried oxide layer, irregularity of an
"~ 20 interface of the surface single-crystal silicon and the buried oxide layer (abbreviated to "a
buried oxide layer interface") is large (square root mean roughness Rms is about over 2
nm), the electrical characteristics of devices varies widely in ease. The thus SIMOX
substrate can be suf_ﬁciently practiced to be flatness of the buried oxide layer through -
spending much time on the anneal processing, but it is impossible in view of its cost.
25 Accordingly, it is the first object of the present invention to provnde an SOI *
substrate which can increase a thickness of its buried oxide layer without increasing the
dose of |mplanted oxygen, to prevent an increase of crystal defect in a surface single- -

crystal silicon layer. The second object of the present invention is to provide a method of
producing the SOI substrate capable of decreasing a pinhole density in the buried oxide

30 layer. The third object of the present invention is to provide a method of producing the
SOI substrate which improves the flatness of the buried oxide layer interface. It is also an
object of the present invention to provide the SOI substrate in which the crystal-defect
density of the surface silicon layer is little, the buried.oxide layer is increased more than a
theoretical buried oxide layer thickness calculated from the dose of the implanted oxygen

35 ions, the generation of pinholes is very little, and the flatness of the buried oxide layer
interface is improved.



| ayer# But, since the buried oxide layer is thin and the thickness is 80 -
90 nm if a particle 10 attaches on a surface of a singte-crystal silicon
stbstrate 1 when the oxygen ion is 2 inplanted as shown in Fig. 9,

| npossi bl e parts of being inplanted will bhe remained in a high-dose
oxygen-ions inplanted | ayer 3 because the3parti-cl e 10 takes place a masking
effect. The hi gh-dose oxygen-ions inplanted |layer 3 results in a buried
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' and less than a melting temperature of the silicon to increase the thickness of the buried
oxide layer more than the theoretically obtained thickness by the anneal processing.

10  According to the present invention, even if the pinholes are made in the buried oxide layer

by adhering the particles on the substrate surface when the oxygen ions afe implanted, or

if the roughness of the buried oxide layer interface is serious, the pinholes.can be repaired

by the high temeperature oxidation treatment and the roughness of the interface is also

flattened as expected. As has been mentioned above, the SIMOX obtained after such

15 additional high temperature oxidation treatment is of a qualified SOI substrate in which

the buried oxide layer is thickened, there are few pinholes in the buried oxide layer, the

flatness of the buried oxide layer interface is improved compared with those of the

conventional SIMOX substrate.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an explaining diagram of development of the SOI substrate producing
processing; ' S s :
- Fig. 2 is an explaining diagram of the relation between the variation in '
26 temperature and the high temperature oxidation processing and the anneal of the *
embodiment carried out the anneal in the heat-up process when the SOI substrate is
produced; '

'Fig. 3 is a chart of the mutuality between the increase quantity of the buried oxide

layer and the oxidation temperature when the oxidation of about 180-nm-thick silicon is
30 practiced on the surface single-crystal silicon in the high temperature oxidation process;

Fig. 4 is a chart of the mutuality between the increased thickness of the buried
oxide layer and the oxidation temperature when the oxidation time is defined as four
hours and the concentration of Oz is determined at 70% in the high température oxidation
process; o

35 | Fig. 5 is a mutual chart of the increased thickness of the buried oxide layer to the
oxygen partial pressure in the high temperature oxidation process;

Fig. 6 is a property chart based on the relation of a square- root mean roughness



a crystal defect, or the dislocation density is increased in the surface of
single-crystal silicon layer. Particularly, in and over 1.5 x [err] the ’
dirsl ocation density is suddenly increased. 15 - : (3) I'n the substrate
i ncreased in the dose of the oxygen ions to 0.5 x [err] - 0.9 x [err]
within the range of the non-increasing crysstal defect density, a strength
of breakdown electric field in the buried oxide layer is a small range of 0O
- | MW/ cm aRehstto ool the thickmesssfithe buried pxide tayeyisiincrbased.as charted in Fig.

11. (4) In the SI¥X s 1aV] t hi ri.ed: oxi de. | . .
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can be suf f fiBglerarysalosilican layer ped the byrigd exide Jayer gl pplapting the-oxygep dons,
through s ]Peﬁliﬂ () shows Eﬂd ¢onventionak SM@Bﬁi_suh@tl’rﬂeQm'teﬂgviﬂﬁuhlfyithe 'amdarrpmsshlgh
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i npl ant ed met?ﬁwlrgﬁ%%ﬂceﬁ@aﬂd?ﬁw of crystal defect in a surface
single-_ crystal sp]i1¢Q ay?r,.,The secortEcLobj Gt Otjf t{;e tPreserlt i nvention
is to p}‘bvi de a ntlcghgdpg}expammgdlagramo the masking effect by the particle;
Fig. 10 is a mutual chart of the dislocation density to the dose of the oxygen ions;
and :
Fig. 11 is a mutual chart of the electric insulation property of the buried oxide
layer to the dose of the oxygen ions.
15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The present invention is materialized by detection of a phenomenon which the
‘buried oxide layer grows in its layer when the high temperature oxidation treatment is
20 practiced on the SIMOX substrate formed separately with the buried oxide layer by
practicing the anneal processing after implanting the oxygen ions. The above-targeted
SIMOX substrate is defined to include the thickness 320 nm of the surface active silicon
layer and the thickness 89 nm of the buried oxide layer and is processed under the - -
temperature set at 1350 °C and under an oxygen atmosphere controlled at a partial -
25  pressure (the same follow) of 70% O2 in an inert gas argon (Ar) and it is carried out the
thus-oxidation treatment for four hours. As a result, it is recognized that the buried oxide
layer grows into 118 nm. Next, how the buried oxide layer increased is sought out by
controlling time in order to result in that the thickness of the thermally formed surface:
oxide layer is determined in about 400 nm (the oxidized thickness of the surface silicon
30 layer is determined as 180 nm) under different oxidation temperatures changed: by
temperature conditions. As shown in Fig. 3, increasing the oxidation temperature, it is -
recognized that the thickness of the buried oxide layer is increased (the oxidation time:
77min. - 405min.). The effect of increasing the layer thickness is recognized over 1150 °
C. ‘Accordingly, it can be understood that the increase rate of the buried: oxide layer
35  thickness is high level although the thickness of the surface oxide layer is the same and
the buried oxide layer is thickly oxidized as the temperature is higher. In the same way,
Fig. 4 shows a state which the oxidation time is determined as four hours and the O2



produdi ng the SO substrate capabl e of decreasing a pinhole density in the
buried oxide 30 layer. The third object of the present invention is to
provi de a nmet hod of producing the SO substrate which inproves the flatness-
of the buried oxide layer interface. It |s al so an object of the present
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the As evidenced in the drawings, the thickness of the buried oxide layer is increased
as the oxidation temperature is higher. '
As can be known from the drawings, the buried oxide layer thlckness can be
10 increased upon an increase of oxidation temperature. When the oxidation temperature is
" on or less than 1150 °C, the increased thickness of the buried oxide layer is slight or when
the oxidation time is for four hours as practical time, the increased thickness is less than a
detecting level not to show an effect of increasing the thickness, but if the oxidation
temperature will be increased at 1350 °C, an increase of the buried oxide layer thickness is
15 about 30 nm. The buried oxide layer thickness of the conventional SIMOX is 80 - 90 nm,
but in the present invention the buried oxide layer thickness reaches 100 - 110 nm when
the oxidation treatment will be practiced at 1350 °C and the thickness of the surface oxide
layer is 400 nm. It is therefore necessary to keep at least 1150 °C equal to the anneal
processing temperature to attain a satisfactional increase of thickness. Incidentally, the
20 maximum temperature should be lower than the melting temperature of the silicon, that is
1415 C. _
It is generally believed that the oxygen concentration in the oxygen atmosphere
contributes to increase the thickness, so that when oxidizing at 1350 °C for four hours .
after the anneal processing and thereafier measuring the increase of the thickness of the o
95  buried oxide layer corresponding to a change of the oxygen partial pressure, a property
~ chart as shown in Fig. 5 can be obtained. As can be known from the chart, the thickness
increase can be expected when the concentration of O is about over 1 %. At 0.5 %, the
thickness increase is too slight to detect the increase because of the roughness of the
buried oxide layer interface, so that the effect of increasing thickness of the buried oxide
30 layer can be limitedly obtained when the oxygen concentration is over 1 %. This is
because that the oxygen in the atmosphere is diffused from at least the surface silicon
layer and the substrate silicon layer into the inside, so that the additional formation of
SiO; at the interface portion of the buried oxide layer can be generally regulated upon a
temperature condition. It is therefore believed that the minimum concentration for
35 diffusing to the silicon layer should be over 1 % as mentioned above. But, as can be
understood from Fig. 5, the increase of the oxygen concentration at a certain high
temperature can cause the increase of the thickness.
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: 10 Accordingly, the producing method of the SOI substrate according to the present
invention is characterized to have the steps of: implanting the oxygen iofis into a single-
crystal silicon substrate; forming a buried oxide by an anneal process in which a high
temperature process is practiced in an inert gas atmosphere; forming on the buried oxide
layer a surface single-crystal silicon layer electrically insulating from the substrate by
15 continuing the anneal process until the thickness of the buried oxide layer reaches a
certain value theoretically calculated from the dose of the implanted oxygen ions; and
oxidizing the substrate in the high teinperature oxidation atmosphere. Incidentally, the
temperature of the high temperature oxidation process after the anneal process should be
on or more than 1150 °C and less than a melting temperature of the single-crystal silicon
20  substrate and the high temperature oxidation ]Sroce_ss after the anneal process should be
practiced in an oxygen gas atmosphere of which concentration is higher than that in the
anneal process. '
After the oxidation process in the high temperature oxidation atmosphere, the - )
following steps can be further added that is to removing an oxide layer on surface of the '
25  substrate; practicing sacrifice oxidation at on or less that 1100 °C; and thinning the surface
silicon layer by removing the sacrifice oxidation layer. The sacrifice oxidation is
desirable to oxidize only the surface silicon layer but when oxidizing the SOI substrate
over 1150 °C, the thickness of the buried oxide layer is naturally increased not to be able
to control the thickness, so that it is required to be set below the high-temperature
30  oxidation condition temperature. Accordingly, in the sacrifice oxidation, the upper limit
temperature of 1100 °C not to influence the buried oxide layer thickness is recommended.
After practicing the anneal process until the thickness of the buried oxide layer
reaches a certain value theoretically calculated from the dose of the implanted oxygen, a
property chart showing the felationship between the increase of the buried oxide layer
35 thickness and the oxidation temperature will be obtained. By increasing thickness of the
buried oxide layer by oxidizing the substrate in a high temperature atmosphere at a
temperature condition based on a preliminarily prepared property. chart showing the



embodibrent carried out the anneal in the heat-up process when the SO
substrate is produced; Fig. 3 is a chart of the nutuality between the

i nNerease quantity of the buried oxide |layer and the oxidation tenperature
when the oxidation of about 180-nmthick silicon is 30 practiced on the
surface single-crystal silicon in the hi g% t enper ature oxi dation process;
Fig. 4 is a chart of the nutuality between the increased thickness of the
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~ on an implantation condition of the oxygen ions and it is hard to directly understand the
state of the pinhole, so that they should be obtained by a statistical way based on the ion
implantation condition and the increased thickness of the buried oxide layer should be
controlled to decrease a diameter of the main group pinholes. For example, when the
10  diameter of a pinhole is 50 nm, the thickness increase is one half, that is 25 nm, so that it
should be based thereon. e
By increasing thickness of the buried oxide layer by oxidizing the substrate in a
high temperature atmosphere at a temperature condition based on the property chart
showing the relation between the increase of the buried oxide layer thickness and the
15  oxidation temperature in conformity with the increased thickness to flatten the buried
oxide layer interface, the rough-interface condition can be developed by the ion
implantation to thereby reduce the deviation of the electrical characteristics of devices.
i Referring to an improvement of flattening, when a square root mean roughness Rms is
calculated corresponding to an increase of increased thickness of the buried oxide layer, a
. 20 property chart as shown in Fig. 6 can be obtained. The high-temperature oxidation
condition should be determined with reference to the property chart by which a necessary
increase for flattening upon devices can be confirmed. '
Furthermore, the substrate implanted by the oxygen ions i$ set in a furnace and -
heated, and under a low-oxygen-concentration condition for preventing a geéneration of . -
25 surface pits, the anneal procéssing will be carried out such that the thickness of the buried *
oxide layer becomes theoretical value calculated from the dose of the implanted oxygen.
In the high temperature and high concentration atmosphere after a certain increase of
oxygen concentration, the thickness of the buried oxide layer can be increased by
oxidizing the substrate having the buried oxide layer. The silicon substrate implanted by
30 the oxygen ions is lead in the heat processing furmace in which the temperature is
maintained at a range of 800 - 850 C and an inert gas are filled up not to generate crystal
defects and is further heated until about 1100 - 1300 °C to obtain a stable state of its
crystal. The gas atmosphere is controlled to include the oxygen by a concentration of
0.5 % in order to prevent generation of pits on the surface in the anneal processing. When
35 the temperature increase for the anneal processing in the low concentration oxygen
atmosphere will be finished, the gas atmosphere temperature reaches at or over the anneal
temperature. It is therefore necessary to regulate the oxygen concentration to maintain the



Fig."# is a conparative chart of the method according to the pr esent )

I nvention with the conventional art about the pinhole density produced in
the buried oxide layer; Fig. 8 are schematic partly sectional diagrans of
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crystal silicon layer is on or less than 100 /cm2, the pinhole density of the buried oxide
. layer is on or less than 20 /cm2, and the square root mean roughness of the buried oxide
10  layer interface is on or less than 1 nm. Accordingly, the present invention is to provide the
qualified SOI substrate in which the buried oxide layer is thickened; there are few
pinholes in the buried oxide layer, the flatness of the buried oxide layer interface is
improved compared with those of the conventional SIMOX substrate.
As has been mentioned above, in accordance with the present invention, the
15  SIMOX substrate which was conventionally under the anneal processing after the oxygen
ions are implanted is further oxidized in the high temperature atmosphere at a range from
on or more than 1150 °C to less than the melting temperature of the silicon, whereby a
thickness increase of the buried oxide layer can be attained on the prior buried oxide layer.
- The thickness increase of the layer can be attained by setting the oxygen concentration at
20  over 1 % when oxidizing at a high temperature. When particles are adhered on the
surface single-crystal silicon layer when the oxygen ions are implanted and pinholes are
generated in the buried oxide layer, or when the flatness of the buried oxide layer interface
becomes worse, the additional oxide layer generated through the high temperature -
- oxidation treatment can repair the pinholes or improve the flatness. If the sacrifice '
25 oxidation processing will be carried out before or afier the high temperature' oxidation
treatment, the surface single-crystal silicon layer can be thinned to the expected level.

' In the high temperature oxidation treatment, it can be separately conducted from
the anneal processing against the substrate in which the buried oxide layer is formed in the
prior anneal processing, but it will be also available to complete the anneal processing in

30  the temperature increase process and to oxidize successively to increase the thickness of
the buried oxide layer. In other words, the anneal processing will be practiced in the gas
‘atmosphere containing therein the oxygen of low concentration while the temperature
increases, and the oxidation treatment is practiced after the oxygen concentration is made
strong to produce successively. '
35 The preferred embodiment of the present invention will now be described with -
. reference to the drawings. ,
Fig. 1 is an explanatory view showing successive processes for producing an SOI
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following third process. - o

The third process is called an anneal process in which the substrate is processed

under a furnace atmosphere containing therein Ar gas having 0.5% partial oxygen pressure,
.15  being maintained at 850 °C first and thereafter the temperature will be increased at
.- 1350 °C. . The above-explained anneal process is to stabilize the crystal state such that the
layer of highly-concentrated oxygen atoms is transformed into a buried oxide layer 5.- The
reference’ nurneral 6 should be understood to designate an oxide layer formed by the
anneal process. As can be understood, the afore-described processes are the same with in

20  the prior art. )

Now referring to the fourth process, it is an oxidization process at a high
temperature and, more particularly the single-crystal silicon substrate 1 is heated at on or
more than 1150 °C and less than its melting temperature for: several hours. The O2 gas- h
concentration should be maintained in a ran'ge of over 1 % and on or less than:l'OO %. As -

25 shown in the drawings, there are acknowledged three resultant patterns after such o
oxidation treatment. The drawings on the let side in Fig. 1 showa process to increase the
buried oxide layer 5 formed through the anneal process by a thickness of additionally
formed buried oxide layer 7. The reference numeral 8 designates an increased oxide layer
after the high temperature oxidation process. The drawings shown in the middle area in

30 Fig. 1 explam how the pin hole 9, made in the buried oxide layer owing to the masking
effect when the oxygen ions were implanted into the single-crystal silicon substrate 1
having thereon the particle, will be eliminated. The drawings shown in the right area in
Fig. 1 explain an interface flattening process of the buried oxide layer, wherein a surface
irregularity of the buried oxide layer 5 can be flattened or smoothed off by the additionally

35 formed buried oxide layer 7. The improvement of flattening can be acknowledged from
Fig. 6 of a property chart based on a relation of a square root mean roughness Rms to how
the buried oxide Iayef is increased. Accordingly, in case of applying to electrical devices



Fig*® %4 shows a state which the oxidation tine is deternined as four hours
and the. 02 5 concentration is determned as 70% Accordingly, a
t'énper at ure dependence of increasing the thickness of the |ayer when the
oxidation time i-s determ ned specifically_can be understood and it is
natural that the tenperature | ess than 11‘&90[er[]C in an utilitarian scope
Is less than a detecting level. Incidentally, in the draw ngs, an
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process and the high temperature oxidation process. But, the sacrifice oxidation process
can be conducted after removing the oxide layer 6.

10 The third process of anneal processing can be carried out by simultaneously
increasing the temperature and the high temperature oxidation is also available to be
conducted after the temperature is increased. Particularly, the substrate to-be processed is
preliminarily set in the furnace in which the anneal gas is filled up at a predetermined
temperature to carry out the above-explained anneal process of the third process and when

15 the furnace temperature exceeds 1200 °C, for example reaches at 1350 °C, the temperature
is maintained. An additional oxygen is added into the thus-conditioned furnace to become
an oxygen partial pressure of 70% and thereby the fourth high temperature oxidation

i - . process can be carried out. Examples of these processes are shown in Figs. 2(1) - 2(3). In
Fig. 2(1), the initial furnace temperature is within a range of 800 - 850 °C, and the furnace

20 is filled up with the anneal gas and its temperature is increased to thereby obtain the
buried oxide layer 5. The high temperature oxidation process is conducted independently
after the anneal process. The high temperature oxidation process is carried out by
increasing the oxygen partial pressure to be a predetermined oxygen concentration of -
70 % in the furnace, increasing the temperature until 1350 ‘C and maintaining the

25  temperature of 1350 °C. Now referring to Fig. 2(2), it shows that the processes in Fig. *
2(1) are. successively carried out, in which the high-temperature anneal processing is
carried out, the oxygen partial pressure in the furnace is increased, and thereafter the high
temperature oxidation process is practiced. Fig. 2(3) shows processes in which the anneal
processing is practiced while the furnace temperature increases and the high temperature

30 oxidation is thereafter carried out. |

However, it is not necessary to set the anneal temperature and the oxidation
temperature at the same degree but, for example, the oxidation temperature may be set-at
1300 C. .

One experimental example under the present invention will hereunder be

35 described. |
(1) Implantation of oxygen ions: A dose of oxygen ions volume; 0.4 x 1018/cm2 by an
acceleration energy; 180 keV is implanted into the single-crystal silicon substrate to form



deteét'ing level not to show an effect of increasing the thickness, but if
~the oxidation tenperature will be increased at 1350 [err]C, an increase of

t hé buried oxide |ayer thickness is 15 about 30 nm The buried oxide |ayer:
t hi ckness of the conventional SIMOX is 80 - 90 nm but in the present

i nvention the buried oxide |ayer thicknesdlreaches 100 - 110 nm when the
oxidation treatnent will be practiced at 1350 [err]C and the thickness of
the surfacethexlayer bfiyle highlyl60ncentrated inmplantation’ of exypen asoms yit aopredetemsined

l east 1150 Q[eihl C equal t]? tﬂe 'znneal |Ioroc§SS| ngl tenPﬁratzgre to attain a
satisfactional ,increase o i ckness. Incidenta e maxi mum .
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in the oxyg t nosphere contri butste)s t?aikncregse theh?hl ckness, - so t g}?
when oxiO%i zﬁ#g %at 1350 [err]C for four hours after the anneal processing

and t her eaf (3r Higha tempenafuteh exidatiore aFle okithtgen ttéermpératuss is)?set]tiitelfﬁi) O windesgh
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so that [ heBa f &laweyer,i whenbthe g qoncentFrtion istatt h8e.bilris dao emalleto increase the
thickness of the buried oxide layer. -
(4) Sacrifice oxidation: The sacrifice oxidation process to decrease the thickness of the
surface single-crystal silicon layer is practiced at 1100 °C. Thereafter, the surface oxide
layer is removed to obtain the substrate applied to devices.
15 The examinations regarding the buried oxide layer thickness, pinhole density and
flatness of the buried oxide layer interface are conducted for the buried oxide layer of the
SIMOX substrate which is processed under the above-mentioned high temperature
oxidation process after the annéal, which will be described as follows. '
(1) Thickness of the buried oxide layer: A coordinate relation between the oxidation
20  temperature and the increased thickness of the buried oxide layer is described in Figs. 3
| . and 4. The thickness is measured by means of an eliipsometry spectroscope. In Fig. 3, the
surface single-crystal silicon layer is oxidized by about 180 nm and in Fig. 4, the oxidation
time is fixed at for four hours and the concentration of O2 is set at 70%. As-can be known -
from these drawings, an increase ratio of the buried oxide layer thickness can be surely - -
25 increased in response to an increase of the oxidation temperature. If the oxidation °
temperature is below 1100 °C, the increase ratio of the buried oxide layer thickness is
slight or if the oxidation time is practiéal four hours, the increase will be too small to be
measured and to obtain a thickness increase effect. But, when the oxidation temperature
‘is over 1350 °C, the increased thickness of the buried oxide layer reaches about 30 nm.
30  While, the thickness of the buried oxide layer is 80 - 90 nm according to the prior art, the
- thickness of the buried oxide layer becomes 100 - 110 nm when the oxidation process is
practiced at 1350 °C and the thickness of the surface oxide layer is 400 nm. .
(2) Pinhole density: As shown in Fig. 7, there is acknowledged about 53 /cm?2 aécording to
the prior art but in the present invention, the density is decreased to 18 /cm2 when the
35  oxidation process is done with the 30 % O2 gas at 1350 °C for four hours. Incidentally, by
the oxidation process at 1100 °C, a thickness increase of the buried oxide layer can not be
ascertained and no decrease of the pinhole density is appeared.



30 FPdyer can be limtedly obtained when the oxygen concentration is over’ |
% This is because that the oxygen in the atnosphere is diffused fromat’

| 88st the surface silicon layer and the substrate silicon layer into the

i nside, so that the additional formation Si2 at the interface portion
of the buried oxide | ayer can be generall y"regul ated upon a tenperature
condition. It is therefore believed that the m ni nrum concentration for 35
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0.5 % O2 at 1350 °C for the anneal process for four hours after implanting the oxygen
. ions. An micro roughness of the buried oxide layer interface (Rms) is 1.881 nm and a
10  depth from the top to the bottom of the toughness (P - V) is 12.373 nm. Fig. 8(b) shows
an inspection result of the processed SIMOX substrate as an comparative example which
was obtained by that the oxygen ions are implanted, the anneal process is conducted in the
atmosphere of Ar + 0.5 % O2 for four hours at 1350 °C, and the additional process is
further carried out at 1350 °C for four hours in the atmosphere of Ar + 0.5 % O2. Since
15  the concentrated oxygen at the oxygen processing is'low, it causes the micro roughness
(Rms) of the, buried oxide layer interface to be 1.658 nm and the depth (P - V) from the
top to the bottom of the roughness to be 8.760 nm, which does not show improvements.
According to the present invention, the oxygen ions are implanted, the anneal process is
~ conducted in the atmosphere of Ar + 0.5 % Oz for four hours at 1350 °C, and the
20 oxidation process is further carried out at 1350 °C for four hours with 30 % O2. As a
result, the flatness of the buried oxide layer interface is improved as shown in Fig. 8(c) to
be the micro roughness (Rms) of 0.854 nm and to be the depth (P V) from the top to the
bottom of the roughness of 5.122 nm.
(4) Electric insulation property: The implanted oxygen ions are 0.4 x 1013/cm2 the
25 pinhole density is decreased to one-third the conventional one, and the thickness of the -
buried oxide layer is mcreased, so that the electric insulation property was improved from
40Vto64 V.



i nfl dénce to the buried oxide |layer thickness due to the sacrifice '

oxi dation, the oxidation tenperature should be set at a Io 3
t Bdn the anneal tenperature, nore particularly at on or !WI,E“HBM””",
[err] C. However, the sacrifice oxidation may be practlced be ore I s

t he thickness increase process for the burlPed oxi de | ayer.

Accordingly, the producing nethod of the SO substrate accordl ng to the

present invention is characteri zeWHATESECLATMED s of : i nplanting the
oxygen iofis into a single- crystal sili con substrate; formng a buried

oxi de by an _anneal process in mhlch a h| enperat ure process I's practiced.
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processl“zhoul d, be practiced in an oxygen gas atnosphere of which

concent 1%t i Ynplagtedioyyeem@Adn that in the anneal process.
oxidizing the substrate in the high temperature oxidation atmosphere.

2. The method of producing the SOI substrate according to claim 1, wherein the

- temperature of said high temperature oxidation process after the anneal process is on or

15 more than 1150 C and less than a meltmg temperature of the single crystal silicon
substrate.

3. The method of producing the SOI substrate dccording to claim 1, wherein said
high temperature oxidation process after the anneal process is practiced in an oxygen gas
20  atmosphere of which concentration is higher than that in the anneal process.

4. ‘The method of producing the SOI substrate according to claim 1, further
‘comprising after said oxidation process in the high temperature oxidation: atmosphere the ..
steps of. '
25 removing an oxide layer on surface of the substrate;
practicing sacrifice oxidation at on or less than 1100 °C; and
thinning the surface silicon layer by removing the sacrifice oxidation layer.

5. The method of producing the SOI substrate according to claim 1, further
30 comprising after the anneal process the steps of:
practicing sacrifice ox1dat10n at on or less than 1100 °C after the anneal
processmg, _
thinning the surface silicon layer by removing the sacrifice oxidation layer; and
oxidizing the substrate in the high temperature oxidation atmosphere.
35 | S
6. The method of producing the SOI substrate according to claim 3, wherein said
high temperature oxidation process after the anneal process is practiced in an oxygen gas



Aftef *the oxidation process in the high tenperature oxid
the follow ng steps can be further added that is to renoving an oxid
oh*surface of the 25 substrate; practicing sacrifice oxi “um m
less that 1100[err]C and thinning the -surface silicon I

the sacrifice oxidation |ayer. The sacrifilée oxidation i$ desi Table to

oxi di ze only the surface silicon |layer but when oxidizing the SO substrate
over 1150 eatnjdsphéreof WhictkeuientedtionliShiptier than 9%, de | ayer is naturally

i ncreased not to be able to -control the thickness, so that it is required
to be set below the high-tenperature 30 oxi datlon condition tenperature.
Accordl ngl y7-. i n. Nmethadlofpr@ecmgladﬂomubsttate;curnpﬂsmg'tha'stepseif:perat ure of

1100 "C not to |n | s recomended.
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increasing thickness of the buried oxide layer by oxidizing the substrate in a high
temperature atmosphere at a temperature condition based on a preliminarily prepared
property chart showing a relationship between an increase of the buried oxide layer
thickness and the oxidation temperature.

15
8 A method of producing an SOI substrate, comprising the steps of:
implanting oxygen ions into a single-crystal silicon substrate;
forming a buried oxide layer by an anneal process in which a hlgh temperature
process is practiced in an inert gas atmosphere;
20 forming on the buried oxide layer a surface smgle-crystal silicon layer electrically

insulating from the substrate by continuing the anneal process until the thickness of the
buried oxide layer reaches a certain value theoretically calculated ﬁ-om the dose of the
lmplanted oxygen; and
increasing thickness of the buried oxide layer by oxidizing the substrate in a high
25  temperature atmosphere at a temperature condition based on a prehmmanly prepared
property chart showing a relationship between an increase of buried oxide layer thickness
and the oxidation temperature in conformity with the increased thickness to close pmholes
in the buried oxide layer. ' T S

30 9. A method of producing an SOI substrate, comprising the steps of:
implanting oxygen ions into a single-crystal silicon substrate;
forming a buried oxide layer by an anneal process in which a high temperature
process is practiced in an inert gas atmosphere;
forming on the buried oxide layer a surface single-crystal silicon layer electrically
35  insulating from the substrate by continuing the anneal process until the thickness of the
buried oxide layer reaches a certain value theoretically calculated from the dose of an
implanted oxygen; and
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tYe buried oxide | ayer, the restoration of defect in the HMIE“ HH!' lm
| ayer into which the ions were not inplanjed because of i a
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that it °shdiig Egﬁﬁntg? Eﬁ i ncreasi ng thi ckness of the buried
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oxi dati on terrperarmnl@ntmsmgq:mmmtowsmglwsmh% iearssbstratesckness to flatten
the buried forming a buried oxide layer by an anneal process until the thickness of the
10  buried oxide layer reaches a certain value theoretically calculated from the dose of the
1mplanted oxygen in a state that a substrate |mplanted therein by the oxygén ions is heated
in a furnace; and -
increasing the thickness of the buried oxide layer by oxidizing the substrate in a .
high temperature and highly concentrated oxygen atmosphere after the furnace
15  temperature is increased over the anneal temperature. .

11. An SOI substrate, comprising;
a single-crystal silicon substrate implanted therein by oxygen ions; '
a buried oxide layer formed by an anneal process in which a high temperature
20  process is practiced in an inert gas atmosphere; and
a single-crystal silicon layer formed on the buried oxide layer and electrically
insulatiﬁg from the substrate by continuing the anneal process until the thickness of the
buried oxide layer reaches a certain value theoretically calculated from the dose of an - ;
implanted oxygen, so that, after an oxidation treatment, the thickness of the buried oxide
25  layer becomes over 90 nm, the dislocation density of the surface silicon sin'gle-crystal' ;'
layer is on or less than 100 /cm?2, the pinhole density of the buried oxide layer is on or less
than 20 /cm?2, and the square root mean roughness of the buried oxide layer interface is on
or less than 1 nm.



oxi de*l ayer interface, the rough-interface condition can be devel oped by
the ion inplantation to thereby reduce the deviation of the electrical
characteristics of devices. Referring to_.an inprovenent of flattening, when
a square root nean roughness Rns is calcdﬁated corresponding to an increase
of increased thickness of the buried oxide |ayer, a 20 property chart as
shown in Fig. 6 c& be Abhethoibof prodecing gh-SOInpbstente) saidanettiod beiagcondi ti on
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and hi gh concentration atnosphere after a certain increase of oxygen
concentration, the thickness of the buried oxide |ayer can be increased by
oxi di zi ng the substrate having the buried oxide |ayer. The silicon
substrate inplanted by 30 the oxygen ions is lead in the heat processing
furnace.in which the tenperature is maintained at a range of 800 - 850
[err]C and an inert gas are filled up not to generate crystal defects and
is further heated until about 1100 - 1300 [err]C to obtain a stable state
of its e
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crystal. The gas atnosphere is controlled to include the oxygen by a
concentration of 0.5 %in order to prevent generation of pits on the
surface in the anneal processing. Wen 35 7the tenperature increase for the
anneal processing in the Iom1concentrati6h'oxygen at nosphere w Il be

fini shed, the gas atnDsphere tenperature reaches at or over the anneal
temperature. It i A Ol i E SAMECcent rati on
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to maintain the oxygen partl al prem for exarrpl e, 70 %in the gas
at nosphere,- whereby the high tenperat tion will be carried out at a
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10  substrate is carried out in a high temperature oxygen atmosphere.

Fig. 1.
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10° layer interface is on or less than 1 nm Accordi ngly, the present
invention is to provide the qualified SO substrate in wrhiBhetHas Beth iR

oxifde layer is thickened, there.are few pinholes in the b
the flatness of the buried oxide |layer interface is inpro
t hose of the conventional SIMOX substratige As has been nmentioned abo
accordance with the present invention, the 15 SIMOX substrate which was
conventional Iy under the anneal processing after.-the oxygen ions are
inmplanted is further oxidized in the high tenperature atnosphere at a range
from dnGor Inore than 1150 [err]C to less than the nmelting tenperature of
the silicon, whereby a thickness increase of the buried oxide |ayer can be
attained on th& prior buried oxide |ayer. The thickness increase of the
| ayer can be attained by settingokysen omgen concentratlon at 20 over |
when oxidi zing at a high tenmperature. When' farticles. are adhered on the
surfacg %lngle crystal silicon la teﬁlgt $ quloxygen lons are inplanted and
pi nhol dlare generated in the bur when the fl at ness of
t he, buri d¥PLETATION l0BYOXYGEN NtawsT acq™ ,Vﬁ addi ti onal oxide |ayer
%atnent can repair the

%

pi nhol es or inprove the flatnes<. oxi dati on processing

will be carried out before or af ture oxidation
treatment, the surface single-crystal s be thinned to the
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i the high tenperature.oxidation treatnent, it can be separatety —conducted—

fromthe anneal processing against. the substrate in which the buried oxide

layer is formed in the prior anneal processing, but it wi | [ThisshesiHasBeenReplaced
avail able to conplete the anneal processi ng, Lh 30 the tenpe rl M“HIHme
process and to oxidi ze successively to incréase the thicknes d
oxide layer. In other words, the anneal processing will be practiced in the
gas at nosphere contai ning therein the oxygen of |ow concentration while the

tenperature increases, and the oxidation treatnent is practiced after the
oxygen concentration is made strong to produce successively. 35

The preferred:enbodi nent of the present invention w.llL now be described
with reference to the drawings. Fig. | is an explanatory view show ng
successi ve processes for producing an SO .9 substrate in accordance
with the present invention, the SO substrate being depicted. in section.
'Thé?ﬂiGst%brocess I s of an oxygen-ion inplantation process in which oxygen
I ons : '
(1)
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[err]®“are inplanted at a predeterm ned portion in depth in a singte-ctrystat
silicon substrate 1 by neans of an ion inplanter. However.,. {h ose of the
i ipl ant ed oxygen ions should 5 be within 0.5 x [err] tENS&mgfp ictn Replacad
di sl ocation density of the surface singl e-§;9/stal' sili conclmﬂﬂﬂ U H _

i ncreasing and a strength of breakdown electric field acr

oxi de |l ayer fromdecreasing: Incidentally, the reference nuneral 3 in the
drawi ngs designates a |l ayer of highly-concentrated oxygen atons. The second
process is of a top coat formi ng process in which an anneal top coat 4 10
of Si@2 is fqormed on surface of the single-crystal silicon substrate 1 by a
CVD appagaj ys: But, it should not be understood that’:the anneal top coat is
al ways necessary before the following third process:. The third process is
cal l ed an anneal process in which the substrate is processed under a
furnace atnosphere containing therein Ar gas having.0.5% partial oxygen
pressure, 15 being maintained at 850 [err]C first and thereafter the
tenperature will be increased at 1350 [err] C. The above-expl ai ned anneal
process is to stabill3b@ t h&3Wr ystldh0st atk08uch tHa0 t(ReCDayer of

hi ghl y- eoncent r gted—oxygermatonms s—tTansftormed—mto—a buri ed oxi de | ayer

5. The r&ferencd numeral 6 shoul d be understood to designate an oxide |ayer

formed Wy thg fnpeal process. As can be understood, the afore-described
processes ar He sane with in
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20 the prior art.

si ngl e-crystal

oxi di zati on- process at a high tenperature and, nore particularly t i

silicon substrate | is heated at- on or np
and less than its nmelting tenperature fqggseveral hours. .
concentration should be maintained in a /ange of over | %

than 100 % As 25

side in Fig.

after th

m ddl e area in-30

into the single-crystal

Now referring to the fourth process,—t—s—an

h
i

shown in the drawi ngs, there are acknow edged three
resultant patterns after such oxidation treatnment. The draw ngs on the |et

| show a process to increase the buried oxide |ayer 5 forned
t hrough t he anneal

oxi de kai%% 7% The reference nuneral 8 designates an increased oxide |ayer
i

process by a thickness of additionally fornmed buried

gﬂTtenperature oxi dation process. The draw ngs shown in the

Fig. | explain how the pin holé.-9, made in the buried
oxi de | ayer owing to the masking effect when the oxygen ions were inplanted

silicon substrate.l having thereon the particle,

will be elimnated. The draw ngs shown in the right area in Fig. | explain
an interface flatteniggopr0ﬂ§§s ofiogdne bypped oxildso | §ye€C) wherein a

surface irregularity
I

snoot hed -of fj
inproveneﬁt o]

chart basEd on a

INCREASED THICKNESS OF BURIED OXIDE LAYER

&

10

t he

ried oxide layer 5 can be flattened or

y forfad—burted—oxide Tayer 7. The

fatt eni ng can be acknowl edged fromFig. 6 of a property
el ation of a square root nean roughness Rrs to how

-
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the buried oxide |ayer i*s increased. Accordingly, in case of applying to

el ectrical  devices 10 the required flattening propert yThifShtdaHas Beed lephed
buri ed oxide | ayer can be determned with reference to the

so that a preferable high-tenperature og Qatlon condi tion

Incidentally, the fourth process can be carr ied out after renoving

oxide layer 6 formed through the third process. The fifth process is a
sacrifice oxidation process 5 of an oxidation treatnent to nmake the
surface single-crystal silicon |layer 2 becone thinner. The sacrifice

oxi dation process may be carried out after renoving -the increased oxide

| ayer 8. Otherw se, the sacrifice oxidation process; my be done between the
anneal process and the high tenperature oxidation process But, the
sacriflcF p(;dq§|on process can be conducted after renoving the oxi.de | ayer
6. 10 ’ he third process of anneal. processing can be carried out by
si mul t aneously increasing the tenperature and the hi gh tenperature

oxi dation is also-available to be conducted after the tenperature is
increased. Particularly, the substrate to be processed is
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prellm narily set in thexfurnace in which the anneal gas-is filled up at a
predétermined.tenperature to carry out the above-expl ai néd—anneat—precess—_
of *the third process and when 15 the furnace tenperatureI%xg eds 1200
[err]C, for exanple reaches at 1350 [err} t he tenperature d
An addi tional oxygen is added into the tfius-conditioned fur
an oxygen partial pressure of 70% and thereby the fourth m
oxi dation process can be carried out. Exanples of these processes are shomm
in Figs. 2(1) - 2(3). In Fig. 2(1), the initial furnace tenperature is
within a range of 800 - 850 [err]C, and the furnace 20 is filled up with
the anneal ga$ and its tenperature is increased to.thereby obtain the
buri ed Ex'Qf F:ayer 5. The high tenperature OX|dati0n process i s conducted
i ndepentle t fter the anneal process. The high- tenperature oxi dation-
process is carried out by increasing the oxygen-partial pressure to be a
predet ermi ned oxygen concentration of 70 %in the furnace, increasing the
tenperature until 1350 [err]C and nmintai ning the 25 tenperature of 1350
"C. Now referring to Fig. 2(2), it shows that the processes in Fig. 2(1)
are successively carried out, in which the high-tenperature anneal
processing is carried out, the oxygen partial pressure in the furnace is
increased, and thereafter the high tenperature oxidation process is
practiced. Fig. f2sshe ssing is
practiced whilejthe furmace tenperatur rncrea§es and « he higlfr tenperature
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30 _oxidation is thereafter carried out. However, it is not necessary—te—

set *t he anneal tenperature and the oxidation tenperatUHBIMsﬁﬁEfgggE degr ee
but, for exanple, the oxidation tenperature nmay be set at ﬂmm”}l'ﬁe &
e I

experinental ‘exanpl e under the present Hgyention wi Il her
described. (1) Inplantation of oxygen ions: A dose of oxy

0.4 x 1018/ cnR2 by an acceleration energy; 180 keV is inplanted into the
single-crystal silicon substrate to form  the [ayer of the highly
concentrated i nplantation of oxygen atons at .a. predeterm ned depth. (2)
Anneal : The, anneal tenperature is defined at 1350 [err]C and the buried
oxi de Iay'rL#%-erned for 4 hours in the atnosphere gas having Ar with 02

defined by the density of 5 0.5% (3) High tenperature oxidation: The
oxi dation tenperature is set at 1350 [err]C and an

100 |
80}

60

PINHOLE DENSITY

40}

20 |

PRIOR ART PRESENT INVENTION

F1G. 8
(a) Rms 1.88Inm
7/, P-V 12373nm
(b) | Rms  1.658nm
7 P-V 8.760nm

0.854nm

(C) . Rms
W I)._v 5 122n m
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irficrease of the buried.oxide [ayer thickness is admtted after—feuwr_hours.
The sconcentration of 02+ts enough to be within a range Qfl,yer 1% and until
100% but in this exanple the concentration is controlled atj; & Béh @6placeq
ratio of 30 % and 70%in the argon 10 gy However, when ’t‘ H HM,’WI
concentration is at 1 % it is too small to increase the t F
buri ed oxide layer. (4) Sacrifice oxidation: The sacrifice oxidation :
process to decrease the thickness of the surface single-crystal silicon

| ayer is practiced at 1100 [err]C. Thereafter, the surface oxide |layer is
removed to obtain the substrate applied to devices. 15 The

exam nations, regarding the buried oxide |ayer thickness, pinhole density
and fl atness-of the buried oxide layer interface are conducted for the

buri ed oxi de 1 ayer of the SI MOX substrate which is processed under the
above-nFnngheg hi gh tenperature oxidation process after the anneal, which
wll be’d riBed as follows. (1) Thickness of the buried oxide |ayer: A
coordinate relation between the oxidation 20 tenperature and the increased
t hi ckness of the buried oxide |layer is described in Figs. 3 and 4. The

t hi ckness is neasured by nmeans of an ellipsonetry spectroscope. In Fig. 3,
the surface single-crystal silicon |ayer is oxidized by about 180 nmand in
Fig 4, the oxidation tinme is o0iygEndions f(ﬁ.four hours and the concentration
of 02 is set at 70% As-can be known
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y - - .
fron1vhesé\a?am$ngs an increase ratio of the buried OXIde Iayer thlckness
can-be surely 25 increased in response to an increase of The oxidation

tenperature. tf the oxidation tenperature is belom11100[q£r $eet Hab Bedh REfIRAS €
rati o of the buried oxide |ayer: thJckne§ Er

Z is slight or if
time is practical four hours, the increaSe will be too s

and to obtain a thickness |ncrease effect. But, mhen_the

tenpeFat gyre 1ips over 1350 'C, the increased thickness of the burl ed oxide

| ayer reaches about 30 nm 30 \While, the thickness of the buried oxide

| ayer is 80 - 90 nmaccording to the prior art, the thickness of the buried
OXIde | ayer beconmes 100 - 110 nm when the OX|dat|on process is practiced at

1350 ' C and t he':t hi ckness of the surface oxide Iayer is 400 nm (2) Pinhole
density: As shownh in Fig. 7

(s there i s acknow edged about 53 /cn® according
to the prior art “but inlfe’ present invention: the density is decreased to
18 [err] when the .35 oxidatjon process is done with the _30 % 02 gas at
1350 [err]C for four hoyrge fncidentally, by the oxidati process at 1100

"C, a thickness increase of {hejburied oxide |ayer can t be ascertained
and no decrease of qpe plnho e gensity is appeared.
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delute fluorine,
pot assi um hydr oxi de sol uti on,
layer
is a partially sectional

removi ng the surface

Kooy '

'(S) Flatness of the buried oxide Iayer I nterface:

..flagness degree regarding to the buried oxide Iayeﬁs
by renoving the surface oxide |ayer of the SIMOX su%

single- crystal

and an ir1ggul arityDatei he'd
i'nterface can be inspected with an"atomc force mc
view of the buried oxide |ayer

The exam nation of
i8tiRé répiacementrsheet ced

strate by neans of a

silicpn_ | ayer by the
* rﬁiii oxi de
oscope. Fig. 8(a)

i nterface when

observing the SI MOX substrate in the prior art as a conparative exanpl e
anneal ed Il @n at nosphere of Ar + 0.5 %02 at 1350 [err]C for the anneal

-process for four hours after

of the buried oxide layer

cmmmahveega
. i nmpl ant ed, {He anneal
carried out at 1350 C for four hours
Since 15 the concentrated oxygen at

causes the mcro roughness (Rrs) of t|

1.658 nmand the depth (P - V) fron1the

(2) ToP coar FORMING

(3) ANNEAL 5—

i nterface (Rms)
the top to the bottom of the toughnessyih
shows an inspection result of the processe
npl e whi ch was obt ai ned
process is condu
02 for four hJdYRLANEATIONFOONYEN |gng and

i npl anting the oxygen ions.
is 1.881 nmand-a 10 depth from

is 12.

BT

he oxygen proc

An micro roughness

373 nm Fig. 8(b)

d é#wﬂmfbubstrate as an
oxygen ‘i ons are
nosphere of Ar + 0.5 %

pregdss is further
e\gf Ar + 0.5 % 02.
SSi is low it

yler interface to be
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top'tb the bottom of the roughness to be 8.760 nm which e -
| mprovenents. According to the- present invention, m‘és &&gerﬁpﬁghg\%gfgheet
i npl ant ed,c the anneal process is conducted in the atnosphere of Ar + 0.5 %
02 for four hours at 1350 [err]C, and the 20 oxi datpfe: Fgﬁﬁaﬁ is further
carried out at 1350 C for four hours widhy 30 % 02. As a It, the
flatness of the buried oxide |ayer interface is inproved as shown in Fig.
8(c) to be the mcro roughness (Rrs) of 0.854 nmand to be the depth (P -
V) fromthe top to the bottom of the roughness of 5.122 nm (4) Electric

I nsul ation property: The inplanted oxygen ions are 0.4 x [err] the 25

pi nhol e density is decreased to one-third the conventional one, and the

t hi ckness of the buried oxide |ayer is increased, so that the electric

i nsul ation property was inproved from40 V to 64 V. 13 WHAT 1S CLAI MED
1S 1. A nmet hod of" producing an SO substrate, conprising the steps of:
- FI1G., 2
(1)

1350C |- - | -

-

SURFACE OXIDE LAYER |/ [\
800 REMOVE OR MAINTAIN J | |
~B5C0°C . HIGH |
ANNEAL . ll | TEMPERATURE Sixwmon
FIG. 2
HIGH TEMPERATURE OXIDATION
(2) B !
1350°C |- — ————— l
l | '
| |
| |
800 I
~850C ' le -t T
N

_ | TEMPERATURE OXIDATIO
ft————— ANNEAL ———— D} :

FI1G. 2 , HIGII TEMPERATURE OXIDATION
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1 . :
i npl anting oxygen ions into a single-crystal silicon qﬂﬁ§ r .

f(r)nr)n‘i ng agburiygd oxi de | ayer by ag annegl process in whi CLS @tteﬁrgsa%cemem sheet
tenperature process is practiced in an inert gas atnosphere; formng on the
buried oxide |ayer a surface single-crystal silicon Idxnc:eueém qeal |y
insulating fromthe substrate by contingugng the anneal proces ntil the

t hi ckness of the buried oxide |ayer reaches a certain value theoretically
cal culated fromthe dose of an 10- inplanted oxygen; and oxidi zing the
substrate in the high tenperature oxidation atnosphere. 2. The net hod
of producing the SO substrate according to claim11, wherein the
tenperature of said high tenperature oxidation process after the annea
process is on or 15°- nore than 1150 [err]C and |l ess than a nelting
tenperature of thégﬁngLe crystal silicon substrate. 3. The met hod of
producing the S bsPrate according to claim1l, wherein said high

t enperature oxidation process after the anneal process is practiced in an
oxygen gas 20 atnosphere of which concentration is higher than that in the

anneal process. 4. The net hod of producing the SO substrate according
to claim1, further conprising after said oxidation process in the high
tenperature oxidation atnospggye t|agy 1950 1200 150 (° C)
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1 ,
steps of: 25 removi ng an oxi de | ayer on surface of the substrate;
practicing sacrifice oxidation at on or less than 1100 ' C, and thinning the
surface silicon |ayer by renoving the sacrifice oxidation layer. 5. The
met hod of producing the SO substrate according to claim 1, further 30
conprising after the anneal process thetf%eps of: practicing sacrifice
oxidation at on or less than 1100 [err]C after the anneal processing;
thinning the surface silicon |ayer by renoving the sacrifice oxidation
| ayer, and oxidizing the substrate in the high tenperature oxidation

at nosphere. 35 6. The met hod of producing the SO substrate according
to claim 3, wherein said high tenperature oxidation process after the
anneal process is practiced in an oxygen gas at nrosphere of which

concentrationl ¢ @ighker than 1%

1350 1300 1250 1200 150 (° C)
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7 * A nmethod of producing an SO substrate, conprising the steps of:

i npl anting oxygen ions into a single-crystal silicon substrate; 5

form ng a buried oxide |ayer by an anneal process in which a high
tenperature process is practiced in an inert gas atnosphere; formng on the
buried oxide layer a surface single-cryggal silicon layer electrically '
insulating fromthe substrate by continuing the anneal process until the

t hi ckness of the buried oxide |ayer reaches a certain value theoretically
calcul ated fromthe dose of the 10 inplanted oxygen; and increasing

t hi ckness of the buried oxide |ayer by oxidizing the substrate in a high
tenperature atnosphere at a tenperature condition based on a prelimnarily
prepared property_chart showing a rel ati onship between an increase of the
buried oxide |ayer thickness and the oxidation tenperature. 15 8. A

met hod of producing an SO -substrate, conprising the steps of: inplanting
oxygen ions jinto a single-crystal silicon substrate; formng a buried oxide
| ayer by an &n &l Brocess in which a hi gh tenperature process is practiced
in an inert gas atnosphere;
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50 ! forming on the buried oxide |ayer a surface single-crystal
silicon layer electrically insulating fromthe substrate by continuing the
~anneal process until the thickness of the buried oxide | ayer reaches a
certain value theoretically calculated fromthe dose of the inplanted
oxygen; and increasing thickness of theyduried oxide |ayer by oxidizing the
substrate in a high 25 tenperature atnosphere at a tenperature condition
based on a prelimnarily prepared property chart showing a relationship

bet ween an increase of buried oxide |Iayer thickness and the oxi-dation
tenperature in conformty with the increased thickness to close pinholes in
the buried oxide |ayer. 30 9. A nmet hod of producing an SO substrate,
conprising the steps of: inplanting oxygen ions into a single-crystal
silicon substrate; formng-a buried oxide |ayer by an anneal process in

whi ch a high_tenperature process is practiced in an inert gas atnosphere;
form ng on thhd Gurifd oxi de | ayer a surface single-crystal silicon |ayer
electrically 35 insulating fromthe substrate by continuing the anneal
process until the thickness of the buried oxide | ayer reaches a certain

val ue theoretically calculated fromthe dose of an inplanted oxygen; and
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o .
15 increasing thickness of the buried oxide |ayer by oxidizing the
substrate in a high tenperature atnosphere at a tenperature condition based
on a prelimnarily prepared property chart showi ng a relationship between
an increase of buried oxide |ayer thickness and the oxidation tenperature
in conformity with the increased thickngZ? to flatten an.5 interface of
the buried oxide |ayer. 10: A net hod "6f" produci ng an SO substrate,
conprising the steps of: inplanting oxygen ions into a single-crystal
silicon substrate; formng a buried oxide |ayer by an anneal process until
the thickness of the 10 buried oxide |ayer reaches a certain val ue
theoretically calculated fromthe dose of the inplanted oxygen in a state
that a substratgripgnpl anyjed therein by the oxygen ions is heated.in a
furnace; and increasi'ng the thickness of the buried oxide |ayer by
oxi di zing the substrate in a high tenperature and hi ghly concentrated
oxygen atnosphere after the furnace

100}
80 |

60 |

PINHOLE DENSITY

410 |

20F

PRIOR ART PRESENT INVENTION

FI1G. 8
(a) Rms 1.88Inm
7/, P-V 12373nm
' /S P—-V 8.760nm

N N 7, ST
- P-V 5.122nm




i -

15 tenperature is increased over the anneal tenperature. 11. An SO
substrate, conprising: a single-crystal silicon substrate inplanted therein
by oxygen ions; a buried oxide |ayer forned by an anneal process in which a
hi gh tenperature 20 process is practiced in an inert gas atnosphere; and
a single-crystal silicon |ayer forned %n t he buried oxide | ayer and
electrically insulating fromthe subst 4% by continuing the anneal process
until the thickness of the buried oxide |ayer reaches a certain val ue
theoretically cal culated fromthe dose of an inplanted oxygen, so.that,
after an oxidation treatnent, the thickness of the buried oxide 25 |ayer
becones over 90 nm the dislocation density of the surface silicon
single-crystal layer is on or less than 100 /cnR, the pinhole density of
the buried oxide layer is on or less than 20 /cn2, and the square root nean
roughness of the buried oxide layer interface is on or J.ess than | nm-
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12. A nmet hod of producing an SO substrate, said nmethod being
substantially as herein described with reference to the acconpanyi ng
drawi ngs. 13. An SO substrate substantially as herein described with
reference to the acconpanyi ng draw ngs. - 14. An SO substrate fornmed in
accordance with the nethod of any one of/elains 1-10 or 12. [err]
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