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(57) ABSTRACT 

Aprocess for producing a semiconductor article is provided 
Which comprises the steps of bonding a ?lm onto a substrate 
having a porous semiconductor layer, and separating the ?lm 
from the substrate at the porous semiconductor layer by 
applying a force to the ?lm in a peeling direction. 
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PROCESS FOR PRODUCING SEMICONDUCTOR 
ARTICLE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a process for producing a 
semiconductor article that can suitably be used for produc 
ing a semiconductor device such as a semiconductor inte 
grated circuit, a solar cell, a semiconductor laser device or 
a light emitting diode. More particularly, it relates to a 
process for producing a semiconductor article including a 
step of separating a substrate. 

[0003] 2. Related Background Art 

[0004] Semiconductor articles are popular in terms of 
semiconductor Wafers, semiconductor substrates and vari 
ous semiconductor devices and include those adapted for 
producing semiconductor devices by utiliZing the semicon 
ductor region thereof and those used as preforms for pro 
ducing semiconductor devices. 

[0005] Some semiconductor articles of the type under 
consideration comprise a semiconductor layer arranged on 
an insulator. 

[0006] The technology of forming a single crystal silicon 
semiconductor layer on an insulator is referred to as silicon 
on insulator (SOI) technology, Which is Widely knoWn. 
Various research has been done to exploit the remarkable 
advantages of SOI that cannot be achieved by using bulk Si 
substrates that are used for producing ordinary Si integrated 
circuits. The advantages of the SOI technology include: 

[0007] 1. The ease of dielectric isolation that alloWs 
an enhanced degree of integration; 

[0008] 2. The excellent resistivity against radiation; 

[0009] 3. A reduced ?oating capacitance that alloWs 
a high device operation speed; 

[0010] 4. The omission of the Well forming step; 

[0011] 5. The effect of latch up prevention; and 

[0012] 6. The possibility of producing fully depleted 
?eld effect transistors using the thin ?lm technology. 
The advantages of the SOI technology are thor 
oughly discussed in 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] In recent years, a number of reports have been 
published on the SOI technology for providing substrates 
that can realiZe high speed operation and loW poWer con 
sumption for MOSFETs (IEEE SOI conference 1994). The 
process of manufacturing a semiconductor device can be 
signi?cantly enhanced by using the SOI structure When 
compared With the corresponding process of manufacturing 
a device on a bulk Si Wafer, because of the implementation 
of a very simpli?ed device isolation step. Thus, the use of 
the SOI technology can provide a signi?cant cost reduction 
in manufacturing a semiconductor device, particularly in 
terms of the Wafer cost and the process cost if vieWed from 
the conventional technology of manufacturing a MOSFET 
or an IC on a bulk Si substrate, to say nothing of the 
remarkable performance of such a semiconductor device. 
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[0014] Fully depleted MOSFETs are very promising for 
achieving high speed operation and loW poWer consumption 
if provided With improved drive poWer. Generally speaking, 
the threshold voltage (Vth) of a MOSFET is determined as 
a function of the impurity concentration of its channel 
section but, in the case of a fully depleted (FD) MOSFET, 
the characteristics of the depletion layer are in?uenced by 
the SOI ?lm thickness. Therefore, the SOI ?lm thickness has 
to be rigorously controlled in order to improve the yield of 
manufacturing LSIs. 

[0015] MeanWhile, a device formed on a compound semi 
conductor shoWs a remarkable level of performance that 
cannot be expected from silicon, particularly in terms of 
high speed operation and light emission. Such devices are 
currently formed by means of epitaxial groWth on a com 
pound semiconductor substrate that may be made of GaAs 
or a similar compound. HoWever, a compound semiconduc 
tor substrate is costly and mechanically not very strong so 
that it is not adapted to produce a large Wafer. 

[0016] Thus, efforts have been made to form a compound 
substrate by hetero-epitaxial groWth on a Si Wafer that is 
inexpensive, mechanically strong and good for producing a 
large Wafer. 

[0017] Research on forming SOI substrates became sig 
ni?cant in the 1970s. Initially, attention Was paid to the 
technique of producing single crystal silicon by epitaxial 
groWth on a sapphire substrate (SOS: silicon on sapphire), 
that of producing a SOI structure through full isolation by 
porous oxidiZed silicon (FIPOS) and the oxygen ion implan 
tation technique. The FIPOS method comprises steps of 
forming an island of N-type Si layer on a P-type single 
crystal Si substrate by proton/ion implantation (Imai et al., 
J. Crystal GroWth, Vol. 63,547 (1983)) or by epitaxial 
groWth and patterning, transforming only the P-type Si 
substrate into a porous substrate by anodiZation in an HF 
solution, shielding the Si islands from the surface, and then 
subjecting the N-type Si islands to dielectric isolation by 
accelerated oxidation. This technique is, hoWever, accom 
panied by a problem that the isolated Si region is de?ned 
before the devices to are produced and restricts the freedom 
of device design. 

[0018] The oxygen ion implantation method is also 
referred as the SIMOX method, Which Was proposed by K. 
IZumi for the ?rst time. With this technique, oxygen ions are 
implanted into a Si Wafer to a concentration level of 1017 to 
1018/cm2 and then the latter is annealed at high temperature 
of about 1,320° C. in an argon/oxygen atmosphere. As a 
result, the implanted oxygen ions are chemically combined 
With Si atoms to produce a silicon oxide layer that is 
centered at a depth corresponding to the projection range 
(Rp) of the implanted ions. Under this condition, an upper 
portion of the Si oxide layer that is turned into an amorphous 
state by the oxygen ion implantation is recrystalliZed to 
produce a single crystal Si layer. While the surface Si layer 
used to shoW a defect rate as high as 105/cm2, a recent 
technological development has made it possible to reduce 
the defect rate doWn to about 102/cm2 by selecting a rate of 
oxygen implantation of about 4><1017/cm2. HoWever, the 
alloWable range of energy infusion and that of ion implan 
tation are limited if the ?lm quality of the Si oxide layer and 
the crystallinity of the surface Si layer are to be held to 
respective desired levels. Hence the ?lm thickness of the 
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surface Si layer and that of the buried Si oxide (BOX; buried 
oxide) layer are allowed to take only limited values. In other 
Words, a process of sacri?cial oxidation or epitaxial groWth 
is indispensable to realiZe a surface Si layer having a desired 
?lm thickness. Such a process by turn gives rise to a problem 
of uneven ?lm thickness due to the intrinsic adverse effect 
of the process. 

[0019] There have been reports saying that SIMOX can 
produce defective Si oxide regions in the Si oxide layer that 
are referred to as pipes. One of the possible causes of the 
phenomenon may be foreign objects such as dust introduced 
into the layer at the time of ion implantation. The device 
produced in a pipe region can shoW degraded characteristics 
due to the leak current betWeen the active layer and the 
underlying substrate. 

[0020] The SIMOX technique involves the use of a large 
volume of ions that is by far greater than the volume used in 
the ordinary semiconductor process and hence the ion 
implantation process may take a long time if a speci?cally 
designed apparatus is used for it. Since the ion implantation 
process is performed typically by raster scanning of an ion 
beam shoWing a predetermined ?oW rate of electric current 
or by spreading an ion beam, a long time may be required 
for processing a large Wafer. Additionally, When a large 
Wafer is processed at high temperature, the slip problem due 
to an uneven temperature distribution Within the Wafer can 
become very serious. Since the SIMOX process requires the 
use of extraordinary high temperature that is as high as 
1,320° C., Which is not observed in the ordinary Si semi 
conductor process, the problem of uneven temperature dis 
tribution Will become more serious if a large Wafer has to be 
prepared, unless a highly effective apparatus is not realiZed. 

[0021] Beside the above described knoWn techniques of 
forming SOI, a technique of bonding a single crystal Si 
substrate to another single crystal Si substrate that has been 
thermally oxiZed to produce an SOI structure has been 
proposed recently. This method requires the use of an active 
layer having an even thickness for the devices to be formed 
on it. More speci?cally, a single crystal Si substrate that is 
as thick as several hundreds micrometers has to be made as 
thin as several micrometers or less. Three techniques have 
been knoWn for thinning a single crystal Si layer that 
include; 

[0022] (1) polishing, 

[0023] (2) local plasma etching; and 

[0024] (3) selective etching. 

[0025] It is dif?cult to achieve an even ?lm thickness by 
means of the polishing technique of above. Particularly, the 
mean deviation in the ?lm thickness can be as large as tens 
of several percent to make the technique unfeasible When the 
?lm is thinned to an order of sub-micrometer. This problem 
Will become more signi?cant for Wafers having a large 
diameter. 

[0026] The technique of local plasma etching is typically 
used in combination With that of polishing. More speci? 
cally, the ?lm is thinned by means of the technique of 
polishing to about 1 to 3 pm, and the distribution of ?lm 
thickness is determined by observing the ?lm thickness at a 
number of points. Then, the ?lm is subjected to an etching 
operation Where the ?lm is scanned a plasma of SF6 particles 
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having a diameter of several millimeters, and correcting the 
distribution of ?lm thickness, until a desired ?lm thickness 
is obtained. There has been a report that the distribution of 
?lm thickness can be con?ned Within about :10 nm or less 
by means of this technique. HoWever, this process is accom 
panied by a draWback that, if foreign objects are present on 
the substrate in the form of particles during the plasma 
etching, they operate as so many etching masks to produce 
projections on the substrate When the etching operation is 
over. 

[0027] Additionally, since the substrate shoWs a coarse 
surface immediately after the etching operation, a touch 
polishing operation has to be conducted on the surface after 
the end of the plasma etching and the operation is controlled 
only in terms of its duration. Then, again the problem of 
deviations in the ?lm thickness due to polishing arises. Still 
additionally, a polishing agent typically containing colloidal 
silica is used for the polishing operation. Hence the layer for 
making an active layer is directly scraped by the polishing 
agent so that a crushed and/or distorted layer may be 
produced. The throughput of the process can be signi?cantly 
reduced When large Wafers are treated because the duration 
of the plasma etching operation is prolonged as a function of 
the surface area of the Wafer being processed. 

[0028] The technique of (3) involves the use of a ?lm 
con?guration for the substrate to be thinned that comprises 
both occurrences or more than one, ?lm layers adapted to 
selective etching. For example, assume that a P+—Si thin 
layer containing boron by more than 1019/cm3 and a P-type 
Si thin layer are made to groW sequentially on a P-type 
substrate by means of epitaxial groWth to produce a ?rst 
substrate, Which is then bonded to a second substrate With an 
insulation layer interposed therebetWeen, the insulation 
layer being typically an oxide ?lm, and that the rear surface 
of the ?rst substrate is made suf?ciently thin in advance by 
scraping and polishing. Subsequently, the P+-layer is 
exposed by selectively etching the overlying P-type layer 
and then the P-type substrate is exposed by selectively 
etching the P+-layer, to produce an SOI structure. This 

technique is discussed in detail in a report by MasZara P. MasZara, J. Electrochem. Soc., Vol. 138,341 (1991)). 

[0029] While the selective etching technique is effective 
for producing a thin ?lm With an even ?lm thickness, it is 
accompanied by the draWbacks as identi?ed beloW. 

[0030] The selective etching ratio is not satisfactory and 
Will be as loW as 102 at most. 

[0031] A touch-polishing operation is required to smooth 
the surface after the etching operation because of the coarse 
surface produced by the etching operation. Therefore, the 
?lm thickness can lose the uniformity as it is reduced by 
polishing. Particularly, While the polishing operation is 
controlled by the duration of the operation, it is difficult to 
rigorously control the operation because the polishing rate 
can vary signi?cantly from time to time. Thus, this problem 
becomes signi?cant When forming an extremely thin SOI 
layer that is as thin as 100 nm. 

[0032] The resulting SOI layer can shoW a poor crystal 
linity due to the use of a ?lm forming technique that involve 
ion implantation and epitaxial or hetero-epitaxial groWth on 
a Si layer that is densely doped With B. Additionally, the 
bonded surface of the substrate may shoW a degree of 
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smoothness that is inferior relative to that of a conventional 
Si Wafer (C. Harendt, et al., J. Elect. Mater. Vol. 20,267 
(1991), H. Baumgart, et al., Extended Abstract of ECS ?rst 
International Symposium of Wafer Bonding, pp-733 (1991), 
C. E. Hunt, Extended Abstract of ECS ?rst International 
Symposium of Wafer Bonding, pp-696 (1991)). Still addi 
tionally, there is a problem that the selectivity of the selec 
tive etching technique heavily depends on the concentration 
difference among the impurities such as boron contained in 
the substrate and the steepness of the concentration pro?le of 
the impurities along the depth of the substrate. Therefore, if 
the bonding annealing is conducted at high temperature to 
improve the bonding strength of the layers, and the epitaxial 
groWth is carried out also at high temperature to enhance the 
crystallinity of the SOI layer, the concentration pro?le of the 
impurities along the depth becomes ?attened to reduce the 
selectivity of the etching operation. Simply stated, the 
improvement of the etching selectivity, and hence that of the 
crystallinity, and the improvement of the bonding strength 
are con?icting requirements that cannot be met at the same 
time. 

[0033] Under these circumstances, the inventors of the 
present invention proposed a novel method of manufactur 
ing a semiconductor article in Japanese Patent Application 
Laid-Open No. 5-21338. According to the invention, the 
proposed method is characteriZed by forming an article by 
arranging a nonporous single crystal semiconductor region 
on a porous single crystal semiconductor region, bonding 
the surface of a material carrying an insulating material 
thereon to the corresponding surface of said porous single 
crystal semiconductor region and subsequently removing 
said porous single crystal semiconductor region by etching. 

[0034] T. Yonehara et al. Who are the inventors of the 
present invention also reported a bonded SOI that is excel 
lent in terms of even ?lm thickness and crystallinity and 
adapted to batch processing (T. Yonehara et al., Appl. Phys. 
Lett. Vol. 64, 2108 (1994)). The, the proposed method of 
manufacturing a bonded SOI Will be summarily described 
beloW by referring to FIGS. 16A through 16C of the 
accompanying draWings. 

[0035] The proposed method uses a porous layer 902 
formed on a ?rst Si substrate 901 as a layer to be selectively 
etched. After forming a nonporous single crystal Si layer 903 
on the porous layer 902 by epitaxial groWth, it is bonded to 
a second substrate 904 With a Si oxide layer 905 interposed 
therebetWeen (FIG. 16A). Then, the porous Si layer is 
exposed over the entire surface area of the ?rst substrate by 
scraping off the ?rst substrate from the rear side (FIG. 16B). 
The exposed porous Si is then etched out by means of a 
selective etching solution typically containing KOH or 
HF+H2O2 (FIG. 16C). Since the selective etching ratio of 
the operation of etching the porous Si layer relative to the 
bulk Si layer (nonporous single crystal Si layer) can be made 
as high as hundreds of thousands With this technique, the 
nonporous single crystal Si layer formed on the porous layer 
in advance can be transferred onto the second substrate to 
produce a SOI substrate Without reducing the thickness of 
the nonporous single crystal Si layer. Thus, the uniformity of 
the ?lm thickness of the SOI substrate is determined during 
the epitaxial groWth step. According to a report by Sato et 
al., since a CVD system adapted to an ordinary semicon 
ductor process can be used for the epitaxial groWth, a degree 
of uniformity of the ?lm thickness as high as 100 nm:2% 
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can be realiZed. Additionally, the epitaxial Si layer shoWs an 
excellent crystallinity of about 3.5><102/cm2. 

[0036] Since the selectivity of any conventional selective 
etching technique heavily depends on the concentration 
difference among the impurities contained in the substrate 
and the steepness of the concentration pro?le of the impu 
rities along the depth of the substrate as described above, the 
temperature of the heat treatment (for bonding, epitaxial 
groWth, oxidation and so on) is limited to as loW as 800° C. 
at most because the impurity concentration pro?le becomes 
?attened above that temperature limit. On the other hand, the 
etching rate of the proposed etching technique is mainly 
determined by the structural difference betWeen the porous 
layer and the bulk layer so that the heat treatment is not 
subjected to such a rigorous limitation and temperature as 
high as 1,180° C. can be used. It is knoWn that a heat 
treatment process conducted after the bonding operation can 
remarkably improve the bonding strength betWeen Wafers 
and reduce the siZe and number of voids given rise to on the 
bonding interface. Additionally, With a selective etching 
operation relying on the structural difference betWeen the 
porous layer and the bulk layer, the uniformity of the ?lm 
thickness is not adversely affected by ?ne particles that can 
be adhering to the porous Si layer. 

[0037] HoWever, a semiconductor substrate to be pro 
duced by Way of a bonding process inevitably requires at 
least tWo Wafers as starting materials, one of Which is 
substantially Wasted aWay in the course of polishing and 
etching to consume the limited natural resources. In other 
Words, a SOI manufacturing process is required to realize 
loW cost and economic feasibility in addition to an enhanced 
degree of process controllability and an improved unifor 
mity of the ?lm thickness. 

[0038] Differently stated, the requirements of a process for 
manufacturing a high quality SOI substrate include an 
excellent reproducibility, an enhanced level of resource 
saving capability through the repeated use of a same Wafer 
and loW manufacturing cost. 

[0039] Under such circumstances, the inventors of the 
present invention disclosed, in Japanese Patent Application 
Laid-Open No. 7-302889, a process for producing a semi 
conductor substrate in Which tWo substrates are bonded 
together and the bonded substrates are separated at the 
porous layer and the separated one substrate is reused after 
eliminating the remaining porous layer. An example of this 
process is explained by reference to FIGS. 17A to 17C. 

[0040] A surface layer of a ?rst Si substrate 1001 is made 
porous to form porous layer 1002, and single crystal Si layer 
1003 is formed thereon. This single crystal Si layer on the 
?rst Si substrate is bonded to the main face of second Si 
substrate 1004 With interposition of insulation layer 1005 
(FIG. 17A). Then the Wafer is separated at the porous layer 
(FIG. 17B). The bared porous Si layer on the second 
substrate surface is removed selectively to form a SOI 
substrate (FIG. 17C). First substrate 1001 can be used again 
after removal of the porous layer. 

[0041] In the above process disclosed in Japanese Patent 
Application Laid-Open No. 7-302889, the substrates are 
separated by utiliZing the brittleness of the porous silicon 
layer in comparison With the nonporous silicon layer, 
enabling reuse of the substrate used for semiconductor 
substrate production process, thus loWer the production cost. 
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[0042] Japanese Patent Application Laid-Open No. 
8-213645 discloses a process in Which a semiconductor 
layer is formed, on a porous silicon layer, for a photoelectric 
conversion portion of a solar cell and the semiconductor 
layer is later separated at the porous layer to reuse the 
substrate having the porous silicon layer. In the process 
disclosed in Japanese Patent Application Laid-Open No. 
8-213645, the semiconductor layer is bonded to a rigid jig 
With an adhesive, and the silicon substrate having the porous 
silicon layer is bonded to another rigid jig, and thereafter the 
jigs are pulled respectively in opposite directions to separate 
the semiconductor layer from the porous layer. In this 
method, the force is required for pulling the jigs to separate 
the entire face of the Wafer in one stroke. Since the required 
pulling force is proportional to square of the Wafer diameter, 
a larger Wafer diameter requires a larger pulling force for the 
separation. Further, oWing to the loWer ?exibility and to the 
dif?culty in control of the force, the separation cannot easily 
be made at the desired region. 

[0043] In production of a solar cell, the substrate for the 
element should be inexpensive in vieW of the production 
cost. Generally, silicon is used as the semiconductor con 
stituting the solar cell. Single crystal silicon is most suitable 
from the standpoint of photoelectric conversion ef?ciency. 
HoWever, amorphous silicon is advantageous for the larger 
cell area and the loWer cell production cost. In recent years, 
polycrystalline silicon is being investigated for achieving a 
loW production cost like the amorphous silicon, and a high 
energy-conversion ef?ciency like the single crystal silicon. 

[0044] HoWever, in the conventional methods employing 
single crystal silicon or polycrystal silicon, the crystal mass 
is sliced into substrate plates, so that the thickness of the 
substrate is limited to not less than 0.3 mm. This thickness 
is much larger than that necessary for absorbing the lumi 
nous energy suf?ciently. Therefore, the material is not 
effectively utiliZed. For the loWer production cost, further 
decrease of the thickness is desired. Recently, a method of 
silicon sheet formation by spinning has been disclosed in 
Which liquid droplets of molten silicon are introduced into a 
mold to form a sheet. In this method, the thickness of the 
resulting sheet is about 0.1 to 0.2 mm, Which is still thicker 
than the necessary and suf?cient thickness (20 pm to 50 pm). 

[0045] In another disclosure, a thin epitaxial layer, groWn 
on a single crystal silicon substrate and separated (peeled) 
from the substrate, is used for the solar cell to achieve a 
higher energy conversion ef?ciency and a loWer production 
cost (Milnes, A. G. and Feucht D. L.: “Peeled Film Tech 
nology Solar Cells”, IEEE Photovoltaic Specialist Confer 
ence, p.338, 1975). In this method, an intermediate layer of 
Site is formed betWeen the single crystal silicon as the 
substrate and the groWn epitaxial layer, and after the het 
eroepitaxial groWth, the groWn layer is peeled by selective 
melting of the interlayer. HoWever, heteroepitaxial groWth is 
generally not advantageous in production cost because of the 
probability of causing defects in the groWth interface oWing 
to the difference of the lattice constants, and because of the 
use of different materials. 

[0046] US. Pat. No. 4,816,420 discloses a process for 
producing a thin crystal solar cell. In this process, a sheet 
shaped crystal is formed through a mask, on a crystal 
substrate, by selective epitaxial groWth and lateral groWth, 
and the resulting sheet is separated from the substrate. In this 
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method, the apertures of the mask are provided in lines, the 
crystal is groWn by line seeding by selective epitaxial 
groWth and lateral groWth, and the crystal sheet is peeled 
mechanically by utiliZing cleavage of the crystal. Therefore, 
at a siZe of the line seed larger than a certain limit, the larger 
contact area of the crystal sheet With the substrate tends to 
cause breakage of the crystal sheet during the peeling 
operation. In particular, in production of a solar cell of a 
larger area, this method cannot be applied practically even at 
the smallest aperture line Width (practically about 1 pm) at 
the line length of several millimeters to several centimeters 
or more. 

[0047] Japanese Patent Application Laid-Open No. 
6-45622 applied for by the inventors of the present inven 
tion, discloses a solar cell production process in Which a 
porous silicon layer is formed by anodiZation on a surface of 
a silicon Wafer, the porous silicon layer is peeled and is ?xed 
onto a metal substrate and, an epitaxial layer is formed on 
the porous layer to obtain a thin ?lm crystal solar cell having 
excellent properties. HoWever, this method is not satisfac 
tory since the metal substrate is treated at a high tempera 
ture, and the epitaxial layer can be contaminated With 
impurities. 

[0048] Japanese Patent Application Laid-Open No. 
5-211128 discloses another process for separation of a 
substrate by use of a bubble layer Which is different from the 
aforementioned porous layer, but has a function similar 
thereto. In this process, a bubble layer is formed in a silicon 
substrate by ion implantation. Crystal rearrangement and 
bubble coalescence are caused in the bubble layer by heat 
treatment, and the surface region of the silicon substrate 
(called a thin semiconductor ?lm) is stripped off at the 
bubble layer. The thin semiconductor ?lm in this disclosure 
means an outermost region of a bulk Si Where no or feW 

implanted ions are present. 

[0049] This process, hoWever, should be conducted at a 
temperature Where the crystal rearrangement and the bubble 
coalescence occur effectively. It is not easy to establish the 
ion implantation conditions and to optimiZe the heat treat 
ment of this process. 

SUMMARY OF THE INVENTION 

[0050] The object of the present invention is to provide a 
process for producing a semiconductor article comprising 
separation of a substrate Where a part of the separated 
substrate is reused as the material for the semiconductor 
article. 

[0051] According to an aspect of the present invention, 
there is provided a process for producing a semiconductor 
article comprising bonding a ?lm onto a substrate having a 
porous semiconductor layer, and separating the ?lm from the 
substrate at the porous semiconductor layer by applying a 
force to the ?lm in a peeling direction. 

[0052] According to another aspect of the present inven 
tion, there is provided a process for producing a semicon 
ductor article comprising bonding a ?lm onto a ?rst sub 
strate having a porous semiconductor layer and a nonporous 
semiconductor layer, and separating the nonporous semi 
conductor layer from the ?rst substrate at the porous semi 
conductor layer by applying a force to the ?lm in a peeling 
direction. 
























































