
\ 

5 

10 

. ~ .· -~ 

1 

SOI SUBSTRATE AND METHOD OF PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

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 

· It 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 

respective elements. 

15 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 (Si02) 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 9xygen-ion implaritation method. The. former wafer bonding method is that an oxide 

20 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) 8nd.has attracted attention·· · · 

lately to be preferable to form a thin-film active silicon layer to avail of a--~arge-scale . ~ · 

25 integration, which forms a buried oxide layer inside the silicon substrate by being allowed ·­

to react with Si and 0 in a high-temperature anneal processing (1,100 - 1,300 °C) after 

implanting a high-dose oxygen ion (160~ into the single-ccystal 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 sili~n layer is 

30 not received with a processing of whet a8 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 

35 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 l when the oxygen ion is 
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implanted as shown in Fig. 9, impossible parts of being implanted will be remained in a 

high-dose oxygen-ions implanted layer 3 because the particle 10 takes place a masking 

effect. The high-dose oxygen-ions implanted layer 3 results in a buried oxide layer 5 by 

means of the anneal processin& but since the afore-mentioned impossible part of being 

5 implanted with the oxygen ions results in a pinhole 9, an electric insulation property is 

inferior. Incidentally, 2 means the surface single-crystal silicon layer and 6 means a 

surfaee oxide layer formed by the anneal process in Fig. 9. 

(2) Fig. 10 charts a correlation between the dose of the oxygen ions and the 

dislocation density in the surface single-crystal silicon layer (see J. Mater. Res., Vol. 8, No. 

10 3, Mar. 1993 pp. 523 - 534). In a substrate increased in a thickness of the buried oxide 

layer by being increased in the dose of the oxygen ions to 1.0 x 1QlB/cm2 =-2.0 x 1otB/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 101B/cm2, the dislocation density is suddenly 

increased. 

15 (3) In the substrate increased in the dose of the oxygen ions to 0.5 x to1B/cm2 -

0.9 x tOIB/cm2 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 ofO- 1 MV/cm and the 

electric insulation property is low as charted in Fig. 11. 

(4) In the SIMOX substrate having the thin buried oxide layer, irregularity of an 

20 interface of the surface single-crystal silicon arid 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 s~ciently practiced to be flatness of the ·btiried oxide -l~yer through·· ·· · 

25 
spending much time on the anneal processing, but it is impossible in view of its cost. 

Accordingly, it is the first object of the present invention to provide an SOI ·~ 

substrate which can increase a thickness of its buried oxide layer without increasing the 

dose of implanted 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 increase4 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. 
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SUMMARY OF THE INVENfION 

The present invention is characterized to conduct an anneal processing after 

implanting the oxygen ions into the single-crystal silicon substrate and additionaUy 

5 conduct an oxidation process to SIMOX substrate having the theoretical buried oxide 

layer thickness calculated_ from the dose of the implanted oxygen after annealing the 

implanted substrate in a high temperature atmosphere at within a range of over 1150 CC 

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 are 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; . -

· Fig. 2 is an explaining diagram of the relation be~een the variation in 

25 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 02 is determined at 70% in the high temperatµre oxidation 

process; 

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 rela,tion of a square- root mean roughness 
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Rms to how the thickness of the buried oxide layer is increased. 

Fig. 7 is a comparative chart of the method according to the present invention 

with the conventional art about the pinhole density produced in the buried oxide layer; 

Fig. 8 are schematic partly sectional diagrams of the interface of the surface 

5 single--crystal silicon layer and the buried oxide layer after implanting the oXygen ions, 

and (a) shows the conventional SIMOX substrate treated with only the anneal processing, 

(b) shows the SIM OX substrate treated with the additional treatment by 02 gas 

concentration of 0.5% and ( c) shows the SIMOX substrate treated with oxidation 

treatment by.02 gas concentration of 30%; 

10 

15 

Fig. 9 is an explaining diagram of 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. 

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· process~ under the · .. · .. : 

temperature set at 1350 °C and under an oxygen atmosphere Controlled a~ a partial ~- - . 

25 pressure (the same follow) of 70% 02 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 silic~n 

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 thicknes~ of the buried oxide layer is increased (the oxidation time: 

77min. - 405inin.). The effect of increasing the layer thickness is recognized over 1150 ° 
C. Accordingly, it can be understood that the increase rate of the buried·· bxide 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 02 
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concentration · is determined as 70%. Accordingly, a temperature dependence of 

increasing the thickness of the layer when the oxidation time is determined specifically 

can be understood and it is natural that the temperature less than 1150 °C in an utilitarian 

scope is less ·than a detecting level. Incidentally, in the drawings, an oxidation 

5 temperanire of the horizontal axis indicates a numerical value of 104 times a reciprocal 

number of an absolute temperature. Celsius temperature is indicated upper the drawings. 

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 thickness can be 

I 0 increased upon an increase of oxidation temperature. When the oxidation temperature is 

on or less than 1150 t, 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 t, 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 run, 

but in the present invention the buried oxide layer thickness reaches 100 - 110 nm when 

the oxidation treatment will be practiced at 1350 t 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 t. 
It is generally believed that the oxygen concentration in the oxygen atmosphere 

contributes to increa8e the thickness, so that when oxidizing ai 1350 CC fo~ four hours ... ·.·. 

after the anneal processing and thereafter measuring the increase of the thiclfuess of the ·_ -. 
. - : 

25 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 02 is about over l %. 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 

Si02 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 l % 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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If the thickness of the surface silicon layer is required to be thinned depending 

upon final device condition, a so-called sacrifice oxidation treatment will be practiced. 

The sacrifice oxidation treatment is to form an oxide layer at a surface by heat oxidation 

and to remove the oxide layer from the surface by means of a generally known method to 

5 thin the surface silicon layer by a thickness of the oxidize silicon. In order to avert an 

influence to the buried oxide layer thickness due to the sacrifice oxidation, the oxidation 

temperature should be set at a low temperature than the anneal temperature, more 

particularly at on or less than 1100 'C. However, the sacrifice oxidation may be practiced 

before or after the thickness increase process for the buried oxide layer. 

10 Accordingly, the producing method of the SOI substrate according to the present 

invention is characterized to have the steps of: implanting the oxygen ions 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 temperature 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 process 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 atm9sphere, the · · 

fo11owing steps can be further added that is to removing an oxide layer on sufrace 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 theoretica11y calculated from the dose of the implanted oxygen, a 

property chart showing the relationship between the increase of the buried oxide layer 

35 thickness and the oxidation temperature witl be obtained. By increasing thickness of the 

buried o~ide layer by oxidizing the substrate in a high temperature atmosphere at a 

temperature condition based OD a preliminarily prepared property. chart showing the 
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relation between the increase of the buried oxide layer and the oxidation temperature in 

confQnnity with the inc~ thickness to close pinholes in the buried oxide layer, the 

restoration of defect in the buried insulation layer into which the ions were not implanted 

because of adhered particles can be attained and the breakdown electric strength of the 

5 insulation layer can be improved. The diameter and numbers of pinholes are changeable 

on an implantation conditi~n 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 

I 0 diameter of a pinhole is 50 nm, the thickness increase is one half, that is 25 nm, so that it 

should be based thereon. 

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 confonnity 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. 

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 detennined with reference to the property chart by which a necessary 

increase for flattening upon devices can be confirmed. 

Furthennore, the substrate implanted by the oxygen -ions is set in a _furnace and· .. ·:.·· 

heated, and under a low-oxygen-concentration condition for preventing a generation of ·. · 

25 surface pits, the anneal processing 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 beat processing furnace 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 ts therefore necessary to regulate the oxygen concentration to maintain the 
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oxygen partial pressure of, for example~ 70 % in the gas atmosphere, whereby the high 
temperature oxidation will be carried out at a constant temperature. The buried oxide ! 

layer in the substrate is that the oxide layer grows at the interface of the buried oxide layer 
of which the thickness depends upon the implanted oxygen ions, whereby the thickness of 

5 the buried oxide layer formed becomes thicker than the theoretical value. 
The SOI substrate produced by the above-mentioned method is that the thickness 

·of the buried oxide layer exceeds 90 nm, the dislocation density .of the surface single­
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 

I 0 layer interface is on or less than 1 run. Accordingly, the present invention is to provide the 
qualiflc::d SOI substrate in which the buried oxide layer is thickene<r, 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 11 SO. t 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. 
11te thickness increase of the layer can be attained by setting the oxygen concentration at 

20 over 1 % when oxidizing at a high temperafure. 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 tlie sacrifice 

25 oxidation processing will be carried out before or after 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 th~ drawings. 

Fig. 1 is an explanatory view showing successive processes for producing an SOI 



•, s 

9 

substrate in accordance with· the present invention, the SOI· substrate being depicted in 

section. The first process is of an oxygen-ion implantation process in which oxygen ions 

16()+ are implanted at a predetermined portion in depth in a single-crystal silicon substrate 

1 by means of 81) ion implanter. However, the dose of the implanted oxygen ions should 

5 be within 0.5 x JOIB/cm2 to prevent a dislocation densitY of the surface single-crystal 

silicon layer 2 from increasing and a strength of breakdown electric field across the buried 

oxide layer from decreasing. Incidentally, the reference numeral _3 in the drawings 

designates a layer ofhighly-concentrated oxygen atoms. 

The second process is of a top coat forming process in which an anneal top coat 4 

I 0 of Si02 is formed on surface of the siitgle-crystal silicon substrate 1 by a CVD apparatus. 

But, it should not be understood that the anneal toP coat is always necessary before the 

following third process. 

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 

referencer numeral 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 oxidimtion process at a high 

temperature and, more particµlarly 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 02 gas·· ·. 

concentration should be maintained in a range of over 1 % and on or less than· ~ 00 %. As 

25 shown in the drawings, there are acknowledged three resultant patterns after such · 

oxidation treatment. The drawings on the let side in Fig. 1 show a 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. l explain 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 layer is increased. Accordingly, in case of applying .to electrical devices 
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the required flattening property of the increased buried oXide layer can be detenni!!ed with 

reference to the property chart so that a preferable high-temperature oxidation condition 

can be settled. Incidentally, the fourth process can be carried out after removing the oxide 

layer 6 formed through the third process. The fifth process is a $8Crifice oxidation process 

5 of an oxidation treatment to make the surface single-crystal silicon layer 2 become thinner . 

. The sacrifice oxidation process may be carried 01:1t after removing the increased oxide 

layer 8. ·Otherwise, the sacrifice oxidation process may be done between the anneal 

process and the high temperature oxidation process. But, the sacrifice oxidation process 

can be conducted after removing the oxide layer 6. 

I 0 The third process of anneal processing can be carried out by simultaneously 

increasing the temperature and· the high temperature oxidation is a1s0 -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 fiUed 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 t, for example reaches at 1350 t, 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 

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 t, 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 in4ependently 

after the anneal process. The high temperature oxidation process is carried out by 

increasing the oxygen partial pressure to be a predetermined -oxjgen con~ntration of- ·· · 

70 % in the furnace, increasing the temperature until 1350 t and main~ning th_e ·: -

25 temperature of 1350 t. 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 

tempe~ture 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 n~essary 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 ke v is implanted into the single-crystal silicon substrate to form 
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the layer of the highly concentrated implantation of oxygen atoms at a predetermined 
depth. 

(2) Anneal: The anneal temperature is defined at 1350 'C and the buried oxide layer is 
formed for 4 hours in the atmosphere gas having Ar with 02 defined by the density of 

5 0.5%. 

(3) High temperature oxidation: The oxidation temperature is set at 1350 'C and an 
increase of the buried oxide layer thickness is admitted after four hours. The 
concentration of 02 is enough to be within a range of over 1 % and until 100% but in this . . 
example the concentration is controlled at a discharge ratio of 30·% and 70% in the argon 

l 0 gas. However, when the Oi . concentration is at 1 %, it is too small to increase the 

15 

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. 

The examinations regarding the buried oxide layer thickness, pinhole density and 
flatness of the buried oxide lay!=r interface are conducted for the buried oxide layer of the 
SIMOX substrate which is pn;>cessed under the above-mentioned high temperature 
oxidation process after the anneal, 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 eUipsometry 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 02 is set at 70%. As-~ be known· -. 
from these drawings, an increase ratio of the buried oxide layer thickness ca~ be surely . ~ . 

25 increased in response ·to an increase of the oxidation temperature. If the o:Xidation ·· 
temperature· is below 1100 'C , the increase ratio of the buried oxide layer thickness is 
slight or if the oxidation time is practical four hours, the increase will be too small to be 
_pieasured 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 run. 

30 While, the thickness _of the buried o~ide 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 /cm2 according 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 % 02 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. 
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(3) Flatness of the buried oxide layer interface: The examination of flatness degree 

regarding to the buried oxide layer intefface is practiced by removing the surface oxide 

layer of the SIMOX substrate by means of a delute fluorine, removing the surface single­

crystal silicon layer by the potassium hydroxide solution, and an irregularity of the buried 

5 oxide layer interface can be inspected with an atomic force microscope .. Fig. 8(a) is a 

partially sectional view of the buried oxide layer interface when observing the SIMOX 

substrate in the prior art as a comparative example annealed in an atmosphere of Ar + 

0.5 % 02 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 

l 0 depth from the top to the bottom of the toughness (P w 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 % en 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 % en. 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 % 02 for four hours at 1350 't , and the 

20 oxidation process is further carried out at 1350 't for four hours with 30 % en. 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) of0.854 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 J018/cm2, the 

25 pinhole density is decreased to one-third the conventional one, and· the thickness of the 

buried oxide layer is increased, so that the electric insulation property was improved from 

40 Vto 64 V. 



5 

13 
' 1111111111111 11111 1111111 1111 

* C L M S * 

WHAT IS CLAIMED IS: 

1. 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 

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 

I 0 implanted oxygen; and 

oxidizing the substrate in the high temperature oxidation atmosphere. 

2. The method of producing the SOI substrate according to claim l, 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 melting temperature of the single crystal silicon 

substrate. · 

3. The method of producing the SOI substrate according 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. 

25 

4. The method of producing the SOI substrate according to claim I, further 

. coin prising after said oxidation process in the high temperature oxidation: atn:iosphere the.. . . . 

steps of: 

removing an oxide layer on surface of the substrate; 
practicing sacrifice oxidation at on or less than 1100 t; 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: 

35 

practicing sacrifice oxidation at on or less than 1100 °C after the anneal 

processing; 

thinning the surface silicon layer by removing the sacrifice oxidation layer, and 

oxidizing the substrate in the high temperature oxidation atmosphere. 

6. The method of producing the SOI substrate according to claim 3, wherein said 

high temperature oxidation process after the anneal process is practic~d in an oxygen gas 
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atmosphere of which concentration is higher than 1 %. 

7. 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 
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 the 

lO implanted oxygen; and 

15 

increasing thickness of the buried oxide layer by oxidizing the suostrate 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 
thickriess and the oxidation temperature. 

8. A method of producing ap 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; 

20 forming on the buried oxide layer a surface single-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 from the dose of the 
implanted 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 preliminarily prepared 

property chart showing a re~tionship betw'een an increase of buried oxide layer thickness 
and the oxidation temperature in conformity with the increased thickness to close pinholes 
in the buried oxide layer. 

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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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 buried oxide layer thickness 

and the oxidation temperature in conformity with the increased thickness to flatten an 

5 interface of the buried oxide layer. 

10. 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 until the thickness of the 

I 0 bUried oxide layer reaches a certain value theoretically calculated from the dose of the 

implanted oxygen in a state that a substrate implanted therein by the oxygen 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 si1icon layer formed on the buried oxide layer and electrically 

insulating from the substrate by continuing the anneal process until the thickness of the 

buried oxide layer reaches a certain value theoretically calculated from th~ 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 single-crystal 

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 layer interface is on 

or less than 1 nm. 
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12. A method of producing an SOI substrate, said method being 

subst.antially as herein described with re~rence to the accompanying drawings. 

13. An SOI substrate substantially as herein described with reference to 

the accompanying drawings. 

s 14. An SOI substrate formed in accordance with the method of any one of 

claims 1-10 or 12. 
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