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(57) ABSTRACT 

A method is provided for producing, With high reproduc 
ibility, an SOI substrate Which is ?at and high in quality, and 
simultaneously for achieving resources saving and reduction 
in cost through recycling of a substrate member. For accom 
plishing this, a porous-forming step is performed forming a 
porous Si layer on at least a surface of an Si substrate and 

a large porosity layer forming step is performed for forming 
a large porosity layer in the porous Si layer. This large 
porosity layer forming step is performed by implanting ions 
into the porous Si layer With a given projection range or by 
changing current density of anodiZation in said porous 
forming step. At this time, a non-porous single-crystal Si 
layer is epitaxial-grown on the porous Si layer. Thereafter, 
the surface of the porous Si layer and a support substrate are 
bonded together, and then separation is performed at the 
porous Si layer With the large porosity. Subsequently, selec 
tive etching is performed to remove the porous Si layer. 
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METHOD FOR PRODUCING A SEMICONDUCTOR 
FILM 

[0001] This is a division of application Ser. No. 08/7329, 
722 ?led Oct. 7, 1996, abandoned. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
substrate and a producing method thereof. More speci?cally, 
the present invention relates to dielectric isolation or a 
producing method of a single-crystal semiconductor on an 
insulator and a single-crystal compound semiconductor on a 
Si substrate, and further relates to a method of producing a 
semiconductor substrate suitable for an electronic device or 
an integrated circuit formed at a single-crystal semiconduc 
tor layer. 

[0004] 2. Related Background Art 

[0005] Formation of a single-crystal Si semiconductor 
layer on an insulator is Widely knoWn as a silicon on 
simulator SOI. This technique has been extensively 
researched since a device utiliZing the SOI technique has a 
number of advantages Which cannot be achieved by a bulk 
Si substrate forming the normal Si integrated circuit. Spe 
ci?cally, for example, the folloWing advantages can be 
achieved by employing the SOI technique: 

[0006] 1. Dielectric isolation is easy and high integra 
tion is possible; 

[0007] 2. Radiation resistance is excellent; 

[0008] 3. Floating capacitance is reduced and high 
speed is possible; 

[0009] 4. Well process can be prevented; 

[0010] 5. Latch-up can be prevented; and 

[0011] 6. Fully depleted (FD) ?eld effect transistor is 
achieved through ?lm thickness reduction. 

[0012] These are described in detail, for example, in the 
literature of Special Issue: “Single-crystal silicon on non 
single-crystal insulators”; edited by G. W. Cullen, Journal of 
Crystal GroWth, volume 63, no. 3, pp. 429-590 (1983). 

[0013] Further, over the past feW years, the SOI has been 
largely reported as a substrate Which realiZes the accelera 
tion of a MOSFET and loW poWer consumption (IEEE SOI 
conference 1994). Since an element has an insulating layer 
at its loWer part When employing the SOI structure, an 
element separation process can be simpli?ed as compared 
With forming an element on a bulk silicon Wafer so that 
preparing a device can take less time. Speci?cally, in addi 
tion to achieving the higher performance, reduction of the 
Wafer cost and the process cost is expected as compared With 
a MOSFET or IC on bulk silicon. 

[0014] Particularly, the fully depleted (FD) MOSFET is 
expected to achieve higher speed and loWer poWer consump 
tion through improvement in driving force. In general, a 
threshold voltage (Vth) of a MOSFET is determined by the 
impurity concentration at a channel portion. On the other 
hand, in case of the FD MOSFET using the SOI, a depletion 
layer is also subjected to an in?uence of a ?lm thickness of 
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the SOI. Thus, for producing the large scale integrated 
circuits at high yield, uniformity of the SOI thicknesses has 
been strongly demanded. 

[0015] On the other hand, a device on a compound semi 
conductor has high performance, such as, high speed and 
luminescence, Which cannot be achieved by Si. Presently, 
such a device is normally formed in an epitaxial layer groWn 
on a compound semiconductor substrate, such as a GaAs 
substrate. 

[0016] HoWever, there is a problem that the compound 
semiconductor substrate is expensive While loW in mechani 
cal strength, so that a large area Wafer is dif?cult to produce. 

[0017] Under these circumstances, an attempt has been 
made to achieve the heteroepitaxial groWth of a compound 
semiconductor on a Si Wafer Which is inexpensive and high 
in mechanical strength so that a large area Wafer can be 
produced. 

[0018] Referring back to the SOI, research on the forma 
tion of the SOI substrates has been active since the 1970s. 
In the beginning, the research Was performed in connection 
With the SOS (sapphire on silicon) method, Which achieves 
the heteroepitaxial groWth of single-crystal silicon on a 
sapphire substrate being an insulator, the FIPOS (fully 
isolated by porous oxidiZed silicon) method, Which forms 
the SOI structure by dielectric isolation based on oxidation 
of porous Si, and the oxygen ion implantation method. 

[0019] In the FIPOS method, an n-type Si layer is formed 
on a surface of a p-type Si single-crystal substrate in an 
island shape through the proton ion implantation (Imai and 
collaborator, J. Crystal GroWth, vol. 63, 547 (1983)) or 
through the epitaxial groWth and the patterning, then only 
the p-type Si substrate is rendered porous so as to surround 
the Si island from the surface by means of the anodiZing 
method in a HF solution, and thereafter the n-type Si island 
is dielectric-isolated through accelerating oxidation. In this 
method, there is a problem that the isolated Si region is 
determined in advance of the prepared device so that the 
degree of freedom of device designing is limited. 

[0020] The oxygen ion implantation method is a method 
called SIMOX ?rst reported by K. IZumi. After implanting 
about 1017 to 1018/cm2 of oxygen ions into a Si Wafer, the 
ion-implanted Si Wafer is annealed at the high temperature 
of about 1,320° C. in the atmosphere of argon/oxygen. As a 
result, oxygen ions implanted With respect to a depth cor 
responding to a projection range (Rp) of ion implantation are 
bonded With silicon so as to form a silicon oxide layer. On 
this occasion, a silicon layer Which has been rendered 
amorphous at an upper portion of the silicon oxide layer due 
to the oxygen ion implantation is also recrystalliZed so as to 
be a single-crystal silicon layer. Conventionally, there have 
been a lot of defects included in the silicon layer on the 
surface, that is, about 105/cm2. On the other hand, by setting 
an implantation amount of oxygen to about 4><1017/cm2, 
defects are successfully reduced to about 102/cm2. HoWever, 
since the ranges of implantation energy and implantation 
amount for maintaining the quality of the silicon oxide layer, 
the crystalline property of the surface silicon layer and the 
like are so narroW that thicknesses of the surface silicon 

layer and the buried silicon oxide (BOX: buried oxide) layer 
Were limited to particular values. For achieving a desired 
thickness of the surface silicon layer, it Was necessary to 
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perform sacri?cial oxidation and epitaxial growth. In this 
case, there is a problem that, since the degradation caused 
through these processes is superimposed on the distribution 
of thicknesses, the thickness uniformity deteriorates. 

[0021] It has been reported that a formation failure region 
of silicon oxide called a pipe exists in the BOX layer. As one 
cause of this, the forcing matter upon implantation, such as 
dust, is considered. In the portion Where the pipe exists, the 
deterioration of the device characteristic results from leaks 
betWeen an active layer and a support substrate. 

[0022] Further, since the amount of ion implantation in the 
SIMOX is large as compared With the ion implantation in the 
ordinary semiconductor process, implantation time is 
lengthy even after developing the apparatus to be used 
exclusively for that process. The ion implantation is per 
formed by raster-scanning an ion beam of a given current 
amount or expanding the beam so that an increment of the 
implantation time is predicted folloWing an increment in the 
area of the Wafer. Further, in the high temperature heat 
treatment of the large-area Wafer, it has been pointed out that 
a problem of occurrence of slip due to the temperature 
distribution in the Wafer becomes more severe. In SIMOX, 
the heat treatment is essential at high temperature, that is, 
1,320° C., Which is not normally used in silicon semicon 
ductor processes, so that there has been concern that this 
problem, including the development of the apparatus, 
becomes more signi?cant. On the other hand, apart from the 
foregoing conventional SOI forming method, attention has 
been recently given to the method Which forms the SOI 
structure by sticking a Si single-crystal substrate to a ther 
mal-oxidiZed Si single-crystal substrate through heat treat 
ment or using adhesives. In this method, it is necessary to 
form an active layer for the device into a uniform ?lm. 
Speci?cally, it is necessary to form a Si single-crystal 
substrate of a thickness of as much as hundreds of microns 
into a ?lm of several microns or less. There are three kinds 
of methods for thickness reduction as folloWs: 

[0023] 1. Thickness reduction through polishing; 

[0024] 2. Thickness reduction through local plasma 
etching; 

[0025] 3. Thickness reduction through selective etch 
ing. 

[0026] In polishing, uniform thickness reduction is dif? 
cult. Particularly, in the case of thickness reduction to 
submicrons, the irregularity amounts to as much as tens of 
percents so that uniformity is a big problem. If the siZe of the 
Wafer is further enlarged, the dif?culty is increased corre 
spondingly. 

[0027] In the second method, after reducing the thickness 
to about 1 to 3 pm through polishing, the thickness distri 
bution is measured at many points. Thereafter, by scanning 
the plasma using the SP6 of a diameter of several millime 
ters based on the thickness distribution, etching is performed 
While correcting the thickness distribution, to reduce the 
thickness to a given value. In this method, it has been 
reported that the thickness distribution can be Within the 
range of about :10 nm. HoWever, if foreign matter (par 
ticles) exists on the substrate upon plasma etching, the 
foreign matter Works as an etching mask so that projections 
are formed on the substrate. 
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[0028] Since the surface is rough immediately after the 
etching, touch polishing is necessary after completion of the 
plasma etching. The polishing amount is controlled based on 
time management, and hence, the control of ?nal ?lm 
thickness and the deterioration of ?lm thickness distribution 
due to polishing have been noted. Further, in polishing, 
abrasives such as colloidal silica directly rub the surface 
Working as an active layer so that there has been concern 
about formation of a fracture layer due to polishing and 
introduction of processing distortion. Further, if the Wafer is 
substantially increased in area, since the plasma etching time 
is increased in proportion to increment of the Wafer area, 
there is concern about extreme reduction of the throughput. 

[0029] In the third method, a ?lm structure capable of 
selective etching is formed in advance in a substrate to be 
formed into a ?lm. For example a p+—Si thin layer contain 
ing boron in the concentration no less than 1019/cm3 and a 
p_— Si thin layer are formed on a p' substrate using the 
method of, for example, the epitaxial groWth to form a ?rst 
substrate. The ?rst substrate is bonded With a second sub 
strate via an insulating layer such as an oxide ?lm, and then 
the underside of the ?rst substrate is ground or polished in 
advance so as to reduce its thickness. Thereafter, the p+ layer 
is exposed through the selective etching of the p- layer and 
further the p' layer is exposed through the selective etching 
of the p+ layer, so as to achieve the SOI structure. This 
method is detailed in the report of MasZara. 

[0030] Although the selective etching is said to be effec 
tive for uniform thickness reduction, it has the folloWing 
problems: 
[0031] The ratio of etching selectively is 102 at most, 
Which is not suf?cient. 

[0032] Since surface property after etching is bad, touch 
polishing is required after etching. HoWever, as a result, the 
?lm thickness is reduced and the thickness uniformity tends 
to deteriorate. Particularly, although the amount of polishing 
is managed based on time, since dispersion of the polish 
speed is large, the control of the amount of polishing is 
dif?cult. Thus, it becomes a problem particularly in forming 
an extremely thin SOI layer of, for example, 100 nm. 

[0033] The crystalline property is bad because of using the 
ion implantation, the epitaxial groWth or the heteroepitaxial 
groWth on the high-concentration B doped Si layer. 

[0034] The surface property of a surface to be bonded 
Which is inferior to the normal silicon Wafer (C. Harenda, et 
al., J. Elect. Mater. Vol. 20, 267 (1991), H. Baumgart, et al., 
Extended Abstract of ECS 1st International Symposium of 
Wafer Bonding, pp. 733 (1991), C. E. Hunt, Extended 
Abstract of ECS 1st International Symposium of Wafer 
Bonding, pp. 696 (1991)). Further, the selectivity of selec 
tive etching largely depends upon a difference in concen 
tration of impurities such as boron and sharpness of the 
pro?le in the depth direction. Accordingly, if the high 
temperature bonding annealing for increasing the bonding 
strength or the high-temperature epitaxial groWth for 
improving the crystalline property is performed, the depth 
direction distribution of the impurity concentration expands 
so that the selectivity of etching deteriorates. That is, it is 
dif?cult to improve both the ratio of etching selectively and 
the crystalline property or the bonding strength. 

[0035] Recently, in vieW of the foregoing problems, Yone 
hara and collaborators have reported the bonded SOI Which 
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is excellent in thickness uniformity and crystalline property 
and capable of batch processing. Brief explanation about 
this Will be given using FIGS. 6A to 6E. In this method, a 
porous layer 62 formed on an Si substrate 61 is used as a 
material for selective etching (FIG. 6A). After epitaxially 
groWing a non-porous single-crystal Si layer 63 on the 
porous layer 62 (FIG. 6B), the three-layer composite is 
bonded With a support substrate 64 via the oxidized Si layer 
63 (FIG. 6C). The Si substrate 61 is reduced in thickness 
through grinding or the like from the underside so as to 
expose the porous Si 62 all over the substrate (FIG. 6D). 
The exposed porous Si 62 is removed through etching using 
a selective etching liquid, such as, KOH or HF+H2O2 (FIG. 
6E). At this time, since the ratio of etching selectively 
porous Si relative to bulk Si (non-porous single-crystal 
silicon) can be set fully high, that is, 100,000 times, the 
non-porous single-crystal silicon layer groWn on the porous 
layer in advance can be left on the support substrate Without 
being hardly reduced in thickness, so as to form the SOI 
substrate. Accordingly, the thickness uniformity of the S01 
is substantially determined during the epitaxial groWth. 
since a CVD apparatus used in the normal serniconductor 
process can be used for the epitaxial groWth, according to 
the report of Sato and collaborator, the thickness uniforrnity 
is realiZed, for example, Within 100 nrn:2%. Further, the 
crystalline property of the epitaxial silicon layer is also 
excellent and has been reported to be 3.5><102/crn2. 

[0036] In the conventional method, since the selectivity of 
etching depends on the difference in impurity concentration 
and the depth direction pro?le, the temperature of the heat 
treatment (bonding, epitaxial groWth, oxidation or the like) 
Which expands the concentration distribution is largely 
limited to approximately no higher than 800° C. On the other 
hand, in the etching of this method, since the difference in 
structure betWeen porous and bulk determines the etching 
speed, the limitation of the heat treatment temperature is 
small. It has been reported that the heat treatment at about 
1,180° C. is possible. For example, it is knoWn that the heat 
treatment after bonding enhances the bonding strength 
betWeen the Wafers and reduces the number and siZe of voids 
generated at the bonded interface. Further, in the etching 
based on such a structural difference, the particles, even if 
adhered on porous silicon, do not affect the thickness 
uniforrnity. 
[0037] On the other hand, in general, on a light transrnit 
table substrate, typically glass, the deposited thin Si layer 
only becomes amorphous or polycrystalline at best, re?ect 
ing disorder in crystal structure of the substrate, so that the 
high-perforrnance device cannot be produced. This is due to 
the crystal structure of the substrate being amorphous, and 
thus an excellent single-crystal layer cannot be achieved 
even by merely depositing the Si layer. 

[0038] HoWever, the semiconductor substrate obtained 
through bonding norrnally requires tWo Wafers one of Which 
is removed, Wastefully for the most part, through polishing, 
etching or the like, so that the ?nite resources of the earth are 
Wasted. 

[0039] Accordingly, in the conventional method, the 
bonded SOI has various problems of controllability, unifor 
rnity and economics. 

[0040] A method is proposed in Japanese Patent Applica 
tion No. 7-045441 for recycling the ?rst substrate Which is 
Wasted in such a bonding rnethod. 
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[0041] In this method, the following method is adopted, in 
the foregoing bonding and etch-back method using the 
porous Si, instead of the step for reducing in thickness the 
?rst substrate through grinding, etching or the like from the 
underside so as to expose the porous Si. This Will be 
explained using FIGS. 7A to 7E. After forrning porous a 
surface layer 72 of an Si substrate 71 (FIG. 7A), a single 
crystal Si layer 73 is formed thereon (FIG. 7B). Then, the 
single-crystal Si layer 73 along With the Si substrate 71 is 
bonded to a main surface of another Si substrate 74, Working 
as a support substrate, via an insulating layer therebetWeen 
(FIG. 7C). Thereafter, the bonded Wafers are separated at 
the porous layer 72 and the porous Si layer 72 exposed on 
the surface at the side of the Si substrate 74 is selectively 
removed so that the SOI substrate is formed. Separation of 
the bonded Wafers is performed, for example, a method 
selected from the following methods that the tensile force or 
pressure is sufficiently applied to the bonded Wafers perpen 
dicularly relative to an in-plane and uniformly over in-plane; 
that the Wave energy such as the ultrasonic Wave is applied; 
that the porous layer is exposed at the Wafer end surfaces, the 
porous Si is etched to some extent, and What is like a raZor 
blade is inserted thereinto; that the porous layer is exposed 
at the Wafer end surfaces and a liquid such as Water is 
irnpregnated into the porous Si, and the Whole bonded 
Wafers are heated or cooled so as to expand the liquid. 
Alternatively, separation is performed by applying the force 
to the Si substrate 71 in parallel to the support substrate 74. 

[0042] Each of these methods is based on the fact that, 
although the mechanical strength of the porous Si layer 72 
differs depending on the porosity, it is considered to be much 
Weaker than the bulk Si. For example, if the porosity is 50%, 
the mechanical strength can be considered to be half the 
bulk. Speci?cally, When a compressive, tensile or shear force 
is applied to the bonded Wafers, the porous Si layer is ?rst 
ruptured. As the porosity is increased, the porous layer can 
be ruptured With a Weaker force. 

[0043] HoWever, if the porosity of porous silicon is 
increased, it is possible that distortion is introduced due to 
the ratio of bulk silicon relative to the lattice constant being 
increased so as to increase Warpage of the Wafer. As a result, 
the following problems may be raised, that is, the number of 
void bonding failure regions, called voids is increased upon 
bonding, the crystal defect density is increased and, in the 
Worst case, cracks are introduced into the epitaxial layer, and 
slip lines are introduced on the periphery of the Wafer due to 
the in?uence of thermal distortion upon the epitaxial groWth. 

[0044] When applying the force in the vertical or horiZon 
tal direction relative to the surface of the Wafer, since the 
semiconductor substrate is not a fully rigid body but an 
elastic body, the Wafer may be subjected to elastic defor 
rnation depending on a supporting fashion of the Wafer so 
that the force escapes and thus is not applied to the porous 
layer effectively. Similarly, when inserting What is like a 
raZor blade from the Wafer end surface, unless the raZor 
blade is fully thin and fully high in rigidity, the yield may be 
loWered. 

[0045] Further, if the bonding strength at the bonded 
interface is Weaker as compared With the strength of the 
porous Si layer or if Weak portions exist locally, the tWo 
Wafers may be separated at the bonded interface so that the 
initial object cannot be achieved. 
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[0046] Further, since, in any of the methods, the position 
Where separation occurs in the porous layer is not ?xed, if 
the ratio in etching speed betWeen the porous Si and the bulk 
Si is not suf?cient, the epitaxial silicon layer is ?rst etched 
more or less at a portion Where the porous layer remains thin 
rather than at a portion Where the porous layer remains thick. 
Thus, the thickness uniformity of the SOI layer may dete 
riorate. Particularly, When the ?nal thickness of the SOI 
layer is reduced to about 100 nm, the thickness uniformity 
is deteriorated so that a problem may result When forming 
the element, such as the fully depleted MOSFET, Whose 
threshold voltage is sensitive to the ?lm thickness. 

[0047] Japanese Patent Application No. 5-211128 (corre 
sponding to US. Pat. No. 5,374,564) discloses a method for 
producing the SOI. In this method, hydrogen ions are 
directly implanted into a single-crystal Si substrate, and then 
the single-crystal Si substrate and a support substrate are 
bonded together. Finally, the single-crystal Si substrate is 
separated at a layer Where hydrogen ions are implanted, so 
as to form the SOI. In this method, since hydrogen ions are 
directly implanted into the single-crystal Si substrate Which 
is then separated at the ion-implanted layer, the ?atness of 
the SOI layer is not good. Further, the thickness of the SOI 
layer is determined by the projection range, so that the 
degree of freedom of the thickness is loW. Further, it is 
necessary to select an implanting condition satisfying both 
the layer thickness and the separation, Which creates a 
dif?culty in control. Further, in case of aiming at obtaining 
a thin layer, the thickness of Which cannot be determined by 
the ion implantation, it is necessary to carry out a reducing 
process in thickness such as grinding and etching, Which 
process is nonselective, so that there is a fear of deteriorating 
uniformity of the thickness. 

[0048] In vieW of the foregoing, a method has been 
demanded for producing, With high reproducibility, a high 
quality SOI substrate and Whose SOI layer is extremely ?at, 
While simultaneously saving resources and reducing costs 
through recycling of the Wafer. 

[0049] On the other hand, in general, on a light transmit 
table substrate, typically glass, the deposited thin Si layer 
only becomes amorphous or polycrystalline at best, re?ect 
ing disorderliness in crystal structure of the substrate, so that 
a high-performance device cannot be produced. This is due 
to the crystal structure of the substrate being amorphous, and 
thus an excellent single-crystal layer cannot be achieved by 
merely depositing the Si layer. 

[0050] The light transmittable substrate is important for 
constituting a contact sensor as being a light-receiving 
element or a projection-type liquid-crystal image display 
device. To achieve further densi?cation, higher resolution 
and increased ?neness of picture elements of the sensor or 
the display device, a high-performance drive element is 
required. As a result, it is necessary to produce the element 
on the light transmittable substrate using the single-crystal 
layer having an excellent crystalline property. 

[0051] Further, When using the single-crystal layer, reduc 
tion in siZe and acceleration of a chip can be achieved by 
incorporating a peripheral circuit for driving the picture 
elements and an image processing circuit into the same 
substrate having the picture elements. 

[0052] Speci?cally, in case of amorphous Si or polycrys 
talline Si, it is dif?cult, due to its defective crystal structure, 
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to produce the drive element having the performance Which 
is required or Will be required in the future. 

[0053] On the other hand, to produce the compound semi 
conductor device, the substrate of the compound semicon 
ductor is essential. HoWever, the compound semiconductor 
substrate is expensive and further is very dif?cult to increase 
in area. 

[0054] An attempt has been made to achieve the epitaxial 
groWth of the compound semiconductor such as GaAs on the 
Si substrate. HoWever, due to differences in lattice constant 
or thermal expansion coefficient, the groWn ?lm is poor in 
crystalline property and thus is very difficult to apply to the 
device. 

[0055] Further, an attempt has been made to achieve the 
epitaxial groWth of the compound semiconductor on porous 
Si to reduce mis?t of the lattice. HoWever, due to loW 
thermostability and age deterioration of porous Si, its sta 
bility and reliability are poor as the substrate during or after 
production of the device. HoWever, there is a problem that 
the compound semiconductor substrate is expensive and loW 
in mechanical strength so that the large-area Wafer is dif?cult 
to produce. 

[0056] In vieW of the foregoing, an attempt has been made 
to achieve the heteroepitaxial groWth of a compound semi 
conductor on a Si Wafer Which is inexpensive and high in 
mechanical strength so that a large-area Wafer can be pro 
duced. 

[0057] Recently, attention has been given to porous silicon 
as a luminescent material for photoluminescence, electrolu 
minescence or the like, and many research reports have been 
made. In general, the structure of porous silicon largely 
differs depending on the type (p, n) and the concentration of 
impurities contained in the silicon. When the p-type impu 
rities are doped, the structure of porous silicon is roughly 
divided into tWo kinds depending on Whether the impurity 
concentration is no less than 1018/cm3 or no more than 
1017/cm3. In the former case, the pore Walls are relatively 
thick, that is, form several nanometers to several tens of 
nanometers, the pore density is about 1011/cm2 and the 
porosity is relatively loW. HoWever, it is dif?cult for this 
porous silicon to luminescence. On the other hand, in the 
latter case, as compared With the former case, porous silicon 
Whose pore Wall is no more than several nanometers in 
thickness, Whose pore density is greater by one ?gure order 
of magnitude and Whose porosity exceeds 50%, can be 
easily formed. Most luminous phenomena, such as photo 
luminescence, are mainly based on the formation of porous 
silicon using the latter as a starting material. HoWever, the 
mechanical strength is loW due to the large porosity. Further, 
since a lattice constant deviation relative to bulk Si is as 
much as 10'3 (about 10'4 in the former case), there has been 
a problem that, When epitaxial-groWing the single-crystal 
silicon layer on such porous silicon, defects are largely 
introduced into the epitaxial Si layer and cracks are further 
introduced thereinto. On the other hand, for utiliZing the ?ne 
porous structure, Which is suitable for a luminescent mate 
rial, as a luminescent element, it has been desired that the 
epitaxial Si layer be formed on porous silicon for providing 
a contact or the MOSFET or the like as a peripheral circuit 
to be formed on the epitaxial silicon layer. 
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SUMMARY OF THE INVENTION 

[0058] The present invention has an object to provide a 
semiconductor substrate and a forming method thereof 
Which can solve the foregoing various problems by super 
posing a ?ner porous structure in a porous layer. 

[0059] As a result of assiduous efforts made by the present 
inventors, the following invention has been achieved. 

[0060] Speci?cally, a semiconductor substrate of the 
present invention is characteriZed by having a porous Si 
layer at a surface layer of a Si substrate, and a porous Si layer 
With large porosity existing in a region of the above 
mentioned porous Si layer, Which region is at a speci?c 
depth from the surface of the above-mentioned porous Si 
layer. In the semiconductor substrate, a non-porous Si por 
tion may exist on the surface of the porous si layer and an 
electrode may be formed on respective surfaces of the Si 
substrate and the non-porous Si layer, so that the semicon 
ductor substrate constitutes a luminescent element. 

[0061] According to a semiconductor substrate of the 
present invention, for example, a structure can be easily 
achieved, Wherein a porous layer having a ?ne structure to 
Work as a luminescent material is sandWiched in a porous 
layer having a high mechanical strength, such as porous 
silicon formed on a p+-Si substrate. Although the porous 
layer having such a ?ne structure differs from bulk Si in 
lattice constant, by sandWiching it in the large porous Si 
layer having an intermediate lattice constant, stresses can be 
relaxed and introduction of cracks or defects can be sup 
pressed. Speci?cally, since the luminescent layer Which can 
stable in structure can be formed, it is not only serve to form 
peripheral circuit or Wiring, but it is also possible to provide 
a material Which is excellent in long-term stability. 

[0062] Further, according to a semiconductor substrate of 
the present invention, an extremely thin porous layer cor 
responding to a projection range of ion implantation can be 
formed. Since the pore siZe of such a porous layer can be set 
small, that is, no greater than several tens of nanometers, 
even the small foreign matter contained in gas and exceed 
ing several tens of nanometers in diameter can be removed. 
Further, a thickness of such a porous layer can be set small, 
that is, no greater than 20 pm, the conductance of the gas can 
be ensured. Speci?cally, When using it as a ?lter for particles 
in the gas, it is possible to produce a ?lter Which can remove 
the particles greater than several tens of nanometers in 
diameter and Whose pressure loss is small. Further, if high 
purity Si Which is used in the semiconductor process is used 
as a substrate, there is no Worry about contamination from 
the ?lter itself. 

[0063] The present invention includes a method of pro 
ducing a semiconductor substrate. 

[0064] Speci?cally, a method of producing a semiconduc 
tor substrate of the present invention comprises a porous 
forming step for forming a Si porous substrate and forming 
a porous Si layer on at least a surface of the Si substrate, and 
a high-porosity layer forming step for forming a porous Si 
layer With large porosity in the region at the speci?c depth 
from the porous layer in the porous Si layer. The high 
porosity layer forming step can be carried out as an ion 
implanting step for implanting ions into the porous Si layer 
With a given projection range. It is preferable that the ions 
comprise at least one kind of noble gas, hydrogen and 
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nitrogen. It is preferable that a non-porous layer forming 
step is provided for forming a non-porous layer on a surface 
of the porous Si layer before the ion implanting step. It is 
preferable that a bonding step is provided for bonding a 
support substrate on a surface of the non-porous layer after 
the high-porosity layer forming step and that a separating 
step is provided for separating the Si substrate into tWo at the 
large porosity porous Si layer after the bonding step. It is 
preferable that the separating step is performed by heat 
treating the Si substrate, by pressuriZing the Si substrate in 
a direction perpendicular to a surface thereof, by draWing the 
Si substrate in a direction perpendicular to a surface thereof 
or by applying a shearing force to the Si substrate. 

[0065] It is preferable that the non-porous layer is made of 
single-crystal Si, single-crystal Si having an oxidiZed Si 
layer on a surface to be bonded or a single-crystal compound 
semiconductor. It is preferable that the support substrate is 
a Si substrate, a Si substrate having an oxidiZed Si layer on 
a surface to be bonded or a light transmittable substrate. It 
is preferable that the bonding step is performed by anode 
bonding, pressuriZation, heat treatment or a combination 
thereof. It is preferable that a porous Si removing step is 
provided, after the separating step, for removing the porous 
Si layer exposed on a surface of the support substrate and 
exposing the non-porous layer. It is preferable that the 
porous Si removing step is performed by an electroless Wet 
etching using at least one of hydro?uoric acid, a mixed 
liquid obtained by adding at least one of alcohol and aqueous 
hydrogen peroxide to hydro?uoric acid, buffered hydro?uo 
ric acid, and a mixed liquid obtained by adding a least one 
of alcohol and hydrogen peroxide Water to buffered hydrof 
luoric acid. It is preferable that a ?attening step is provided 
for ?attening a surface of the non-porous layer after the 
porous Si removing step. It is preferable that the ?attening 
step is performed by heat treatment in an atmosphere 
including hydrogen. 
[0066] The porous-forming step may form porous Si lay 
ers on both sides of the Si substrate, and the bonding step 
may bond tWo support substrates to the porous Si layers 
formed on both sides of the Si substrate. A second non 
porous layer forming step can be provided, after the sepa 
rating step, for again forming a non-porous layer on the 
surface of the porous Si layer exposed on the surface of the 
Si substrate, and that a second ion implanting step is 
provided, after the porous layer forming step, for implanting 
ions into the porous Si layer With a given projection range 
and forming a porous Si layer With large porosity in the 
porous Si layer. It is preferable that the porous-forming step 
is performed by anodiZation. It is preferable that the anod 
iZation is performed in a HF solution. 

[0067] The high-porosity layer forming step can be carried 
out by also altering the current density, during the porous 
forming step. 
[0068] After removing an remaining porous layer, the Si 
substrate separated by the foregoing method may be reused 
as a Si substrate by performing the surface ?attening process 
if the surface ?atness is insuf?cient. The surface ?attening 
process may be polishing, etching or the like normally used 
in semiconductor processing. On the other hand, heat treat 
ment in an atmosphere including hydrogen may also be 
used. By selecting the conditions, this heat treatment can 
achieve ?atness to an extent Where the atomic step is locally 
presented. 



US 2001/0019153 A1 

[0069] According to the method of producing the semi 
conductor substrate of the present invention, upon removal 
of the Si substrate, the Si substrate can be separated at one 
time in a large area via the porous layer. Thus, the process 
can be shortened. Further, since the separating position is 
limited to Within the porous layer With large porosity due to 
the ion implantation, thicknesses of the porous layer remain 
ing on the support substrate side can be uniform so that the 
porous layer can be removed With excellent selectivity. 

[0070] According to the producing method of the semi 
conductor substrate of the present invention, the Si substrate 
can be separated in advance in one step over a large area via 
the porous layer. Thus, the grinding, polishing or etching 
process Which Was essential in the prior art for removing the 
Si substrate to expose the porous silicon layer can be omitted 
to shorten the process. Further, since the separating position 
is limited to Within the porous layer With large porosity by 
implanting ions of at least one kind of noble gas, hydrogen 
and nitrogen into the porous layer so as to have the projec 
tion range, thicknesses of the porous layer remaining on the 
support substrate side can be uniform so that the porous 
layer can be removed With excellent selectivity. It is unlikely 
that the thickness of the remaining porous layer is thin 
locally, so that the non-porous layer appears on the surface 
earlier and is etched accordingly. In that case, the method of 
forming the porous layer having a high porosity is not 
restricted to ion implantation, but formation can also be 
realiZed by altering the electric current at anodiZation. 
Speci?cally, not only the grinding or etching process Which 
Was essential in the prior art for exposing porous silicon can 
be omitted, but also the removed Si substrate can be reused 
as a Si substrate by removing the remaining porous layer. If 
the surface ?atness after removing the porous silicon is 
insuf?cient, the surface ?attening process is performed. 
Since the position Where the bonded tWo substrates are 
separated is regulated by the projection range, the dispersion 
of the separating positions Within porous silicon does not 
occur as in the prior art. Thus, upon removal of porous 
silicon, the single-crystal silicon layer is prevented from 
being exposed and etched to deteriorate the uniformity of 
thickness. Further, the Si substrate can be reused in the 
desired number of times until its structural strength makes it 
impossible. Further, since the separating position is 
restricted to around the depth corresponding to the projec 
tion range of the ion implantation, the thickness of the 
porous layer can be set smaller as compared With the prior 
art. Further, it is capable of making the layer having a high 
porosity a layer having a speci?c depth constant from the 
surface of the porous layer to separate it, so that the 
crystalliZability of the porous layer is not deteriorated. 

[0071] Alternatively, Without removing the remaining 
porous layer, the separated Si substrate can be reused again 
as a Si substrate of the present invention by forming a 
non-porous single-crystal Si layer. Also in this case, the Si 
substrate can be reused in the desired number of times until 
its structural strength makes it impossible. 

[0072] In the conventional method of producing the 
bonded substrates, the Si substrate is gradually removed 
from one side thereof through grinding or etching. Thus, it 
is impossible to effectively use both sides of the Si substrate 
for bonding to the support substrate. On the other hand, 
according to the present invention, the Si substrate is held in 
the initial state other than its surface layers so that, by using 
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both sides of the Si substrate as the main surfaces and 
bonding the support substrates to the sides of the Si sub 
strate, respectively, tWo bonded substrates can be simulta 
neously produced from one Si substrate. Thus, the process 
can be shortened and the productivity can be improved. As 
appreciated, also in this case, the separated Si substrate can 
be recycled as a Si substrate after removing the remaining 
porous Si. 

[0073] Speci?cally, the present invention uses a single 
crystal Si substrate Which is economical, ?at and uniform 
over a large area and has excellent crystalline properties, and 
removes from one side thereof to a Si or compound semi 
conductor active layer formed on the surface Which thus 
remains, so as to provide a single-crystal Si layer or a 
compound semiconductor single-crystal layer With feWer 
defects on an insulating material. 

[0074] The present invention provides a method of pro 
ducing a semiconductor substrate Which is capable of 
achieving a Si or compound semiconductor single-crystal 
layer With a crystalline property as good as a single-crystal 
Wafer on a transparent substrate (light transmittable sub 
strate), With high productivity, high uniformity, excellent 
controllability and reduced cost. 

[0075] Further, the present invention provides a method of 
producing a semiconductor substrate Which is replaceable 
for an expensive SOS or SIMOX upon producing a large 
scale integrated circuit of an SOI structure. 

[0076] According to the present invention, the single 
crystal compound semiconductor layer With excellent crys 
talline property can be formed on porous Si, and further, this 
semiconductor layer can be transferred onto the large-area 
insulating substrate Which is cost efficient. Thus, the fore 
going problem of the difference in lattice constant and 
thermal expansion coef?cient can be suf?ciently suppressed 
so as to form the compound semiconductor layer With 
excellent crystallinity on the insulating substrate. 

[0077] Further, since porous Si has a loW mechanical 
strength and an extensive surface area, removing the porous 
Si layer of the present invention can also be performed by 
selective polishing using the single-crystal layer as a pol 
ishing stopper. 

[0078] According to the method of producing the semi 
conductor substrate, since the porous layer of ?ne structure 
can be formed after formation of the single-crystal silicon 
layer on the porous layer, the epitaxial groWth conditions of 
the single-crystal layer can be free of in?uence of the 
structural changes of the porous layer. Speci?cally, since the 
?ne-structure porous layer, Working as a luminescent layer, 
Which tends to change due to thermal treatment, can be 
formed after completion of thermal treatment for the ?lm 
formation, its characteristics can be stable. 

[0079] According to the method of producing the semi 
conductor substrate, upon removing the Si substrate, the Si 
substrate can be separated in one step over a large area via 
the porous layer and, the process can be shortened. Further, 
since the separating position is limited to Within the porous 
layer by means of the ion implantation, thicknesses of the 
porous layer remaining on the support substrate side can be 
uniform so that the porous layer can be removed With high 
selectivity. Thus, even When etching is unstable due to the 
siZe of apparatus or the change of the environment, the 
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non-porous thin ?lm, such as the single-crystal Si layer or 
the compound semiconductor single-crystal layer, Which is 
economical, ?at and uniform over the large area and has the 
extremely excellent crystalline property, can be transferred 
onto the support substrate With high yield. Speci?cally, the 
SOI structure With the single-crystal Si layer formed on the 
insulating layer can be obtained With high uniformity of ?lm 
thickness and high yield. Further, since the separating posi 
tion is regulated by the project range of the ion implantation 
so as to be Within the porous layer, the thicknesses of the 
porous layer remaining on the support substrate side can be 
uniform so that the porous layer can be removed With high 
selectivity. Further, the removed Si substrate can be reused 
as an Si substrate by removing the remaining porous layer. 
If the surface ?atness after removing porous silicon is 
insuf?cient, the surface ?attening process is performed. 

[0080] The present invention provides a producing 
method of a semiconductor substrate Which is capable of 
achieving a Si or compound semiconductor single-crystal 
layer With a crystalline property as good as a single-crystal 
Wafer on a transparent substrate (light transmittable sub 
strate), With high productivity, high uniformity, excellent 
controllability and reduced cost. 

[0081] According to the method of producing the semi 
conductor substrate of the present invention, since the selec 
tive etching With a good ratio of etching selectively can be 
performed, by performing the bonding With the support 
substrate, a SOI substrate or the compound semiconductor 
single crystal on the support substrate, Which is ?at and 
uniform over the large area and has an extremely excellent 
crystalline property, can be achieved. 

[0082] Further, according to the method of producing the 
semiconductor substrate, the single-crystal compound semi 
conductor layer With high crystalline property can be formed 
on porous Si, and further, this semiconductor layer can be 
transferred onto a large-area insulating substrate Which is 
economical. Thus, the foregoing problems of the differences 
in lattice constants and thermal expansion coef?cients can be 
sufficiently suppressed to form the compound semiconduc 
tor layer With excellent crystalline properties on the insu 
lating substrate. 

[0083] Further, even if non-formation regions of the 
implanted layer are formed due to presence of foreign matter 
on the surface upon ion implantation, since the mechanical 
strength of the porous layer itself is smaller than bulk Si, the 
separation occurs in the porous layer. Thus, the tWo bonded 
substrates can be separated Without causing damages such as 
cracks in the non-porous single-crystal silicon layer. 

[0084] Further, since the gettering effect is available at the 
ion-implanted region, even if metal impurities exist, the tWo 
bonded substrates are separated after achieving the gettering 
of the impurities into the ion-implanted region, and then the 
ion-implanted region is removed so that it is also effective 
against impurity contamination. 

[0085] Further, since the separating region is limited to the 
ion-implanted region Within the porous layer, the depths of 
the separating region do not disperse Within the porous layer. 
Accordingly, even if the ratio of selectively etching porous 
silicon is insuf?cient, a time for removing porous silicon can 
be rendered substantially constant so that the thickness 
uniformity of the single-crystal silicon layer transferred onto 
the support substrate is not spoiled. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0086] FIGS. 1A and 1B are schematic diagrams for 
explaining a semiconductor substrate producing process 
according to a ?rst preferred embodiment of the present 
invention; 
[0087] FIGS. 2A to 2C are schematic diagrams for 
explaining a semiconductor substrate producing process 
according to a second preferred embodiment of the present 
invention; 
[0088] FIGS. 3A to 3C are schematic diagrams for 
explaining a semiconductor substrate producing process 
according to a third preferred embodiment of the present 
invention; 
[0089] FIGS. 4A to 4F are schematic diagrams for 
explaining a semiconductor substrate producing process 
according to a fourth preferred embodiment of the present 
invention; 
[0090] FIGS. 5A to 5F are schematic diagrams for 
explaining a semiconductor substrate producing process 
according to a ?fth preferred embodiment of the present 
invention; 
[0091] FIGS. 6A to 6E are schematic diagrams for 
explaining a semiconductor substrate producing process 
Which has been proposed before; 

[0092] FIGS. 7A to 7E are schematic diagrams for 
explaining a conventional semiconductor substrate produc 
ing process; 

[0093] FIGS. 8A to 8E are schematic diagrams for 
explaining a semiconductor substrate producing process 
according to a sixth preferred embodiment of the present 
invention; 
[0094] FIGS. 9A to 9G are schematic diagrams for 
explaining a semiconductor substrate producing process 
according to a seventh preferred embodiment of the present 
invention; 
[0095] FIGS. 10A to 10G are schematic diagrams for 
explaining a semiconductor substrate producing process 
according to an eighth preferred embodiment of the present 
invention; 
[0096] FIGS. 11A and 11B are schematic diagrams for 
explaining anodiZation; and 

[0097] FIGS. 12A to 12D are sectional vieWs shoWing a 
process of an EL element. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0098] The present invention simultaneously solves the 
foregoing various problems by superposing a ?ner porous 
structure in the foregoing porous layer. 

[0099] It has been reported that, by performing ion 
implantation of helium or hydrogen into bulk silicon and 
applying heat thereto, micro-cavities having diameters in the 
range from several nanometers to several tons of nanometers 
are formed at the implanted region in the density of as much 
as 1016 to 1017/crn3 (for example, A. Van Veen, C. C. 
Grif?oen, and J. H. Evans, Mat. Res. Soc. Symp. Proc. 107 
(1988, Material Res. Soc. Pittsburgh, Pa.) p. 449). Recently, 






























