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(57) ABSTRACT 

A given planarity of the underlying layer is ensured after 
( * ) Notice: This is a publication of a continued pros- removal of a Porous lay“ In the ?rst Step, a Porous layer is 

ecution application (CPA) ?led under 37 ?lled With a preprocess solution (e.g., Water). In the second 
CFR 1_53(d)_ step, the preprocess solution ?lling the porous layer is 

replaced With an etchant (e.g., ?uoric acid), and the porous 
(21) App1_ NO_; 09/211,738 layer is etched by the etchant. With this process, the time in 

Which the porous layer is ?lled With the etchant is shortened 
(22) Filed: Dec. 15, 1998 to suppress variations in progress of etching. 
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POROUS REGION REMOVING METHOD AND 
SEMICONDUCTOR SUBSTRATE 
MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a porous region 
removing method and a semiconductor substrate manufac 
turing method and, more particularly, to a method of remov 
ing a porous region from a substrate having the porous 
region, a semiconductor substrate manufacturing method 
using this method, and an apparatus for removing a porous 
region. 

[0003] 2. Description of the Related Art 

[0004] There is a method of sequentially forming a porous 
Si layer and a single-crystal Si layer on a ?rst substrate, 
bonding the ?rst substrate to a separately prepared second 
substrate, and separating the bonded substrate stack into tWo 
substrates at the porous Si layer to transfer the single-crystal 
Si layer formed on the ?rst substrate side to the second 
substrate side, thereby manufacturing an SOI substrate. 

[0005] In this method, after the bonded substrate stack is 
separated into tWo substrates, the porous Si layer remaining 
on the surface on the second substrate side is removed. In 
removing the porous Si layer, the planarity of the surface of 
the underlying second substrate and, more particularly, the 
?lm thickness uniformity of the single-crystal Si layer as the 
surface layer of the second substrate is preferably not 
hindered. 

SUMMARY OF THE INVENTION 

[0006] The present invention has been made in consider 
ation of the above situation, and has as its object to provide 
a porous region removing method capable of maintaining a 
given planarity of an underlying layer and a semiconductor 
substrate manufacturing method using this method. 

[0007] According to the present invention, there is pro 
vided a porous region removing method for removing a 
porous region from a substrate having the porous region, 
characteriZed by comprising the ?rst step of ?lling the 
porous region With a ?rst process solution having no etching 
function or Weak etching function for a porous material, and 
the second step of etching the porous region using a second 
process solution having an etching function for a porous 
material after the ?rst step. 

[0008] In the porous region removing method, the second 
step preferably comprises replacing the ?rst process solution 
?lling the porous region With the second process solution to 
etch the porous region. 

[0009] In the porous region removing method, the sub 
strate to be processed preferably essentially consists of 
single-crystal Si. 

[0010] In the porous region removing method, the porous 
region preferably essentially consists of an Si material. 

[0011] In the porous region removing method, the porous 
region is preferably formed by anodiZing a substrate con 
sisting of single-crystal Si. 
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[0012] In the porous region removing method, preferably, 
the ?rst process solution chemically changes pore Walls in 
the porous region, and the second process solution has the 
etching function not only for a porous material but also for 
a substance Which chemically changes. 

[0013] In the porous region removing method, the ?rst 
process solution preferably has an oxidation function for the 
pore Walls in the porous region. 

[0014] In the porous region removing method, the ?rst 
process solution is preferably Water. 

[0015] In the porous region removing method, the ?rst 
process solution preferably contains a material selected from 
the group consisting of an alcohol, hydrogen peroXide, nitric 
acid, and hydrochloric acid. 

[0016] In the porous region removing method, the second 
process solution preferably contains ?uoric acid. 

[0017] In the porous region removing method, the second 
process solution is preferably a material selected from the 
group consisting of 

[0018] (a) a miXed solution prepared by adding at 
least one of an alcohol and hydrogen peroXide to 
?uoric acid, 

[0019] (b) a miXed solution of ?uoric acid and nitric 
acid, and 

[0020] (c) a miXed solution of ?uoric acid, nitric acid, 
and acetic acid. 

[0021] In the porous region removing method, an ultra 
sonic Wave is preferably supplied to the substrate during at 
least part of an overall period of execution of the ?rst and 
second steps. 

[0022] In the porous region removing method, the ?rst 
step preferably comprises supplying an ultrasonic Wave to 
the substrate. 

[0023] In the porous region removing method, an ultra 
sonic Wave is preferably supplied to the substrate during at 
least part of an overall period of eXecution of the second 
step. 

[0024] In the porous region removing method, an ultra 
sonic Wave is preferably supplied to the substrate during at 
least part of an overall period of eXecution of the second 
step, in Which the ?rst process solution ?lling the porous 
region is replaced With the second process solution. 

[0025] In the porous region removing method, the second 
step preferably comprises the steps of etching the porous 
region Without supplying any ultrasonic Wave to the sub 
strate until the pore Walls in the porous region have not more 
than a predetermined thickness, and etching the porous 
region remaining on the substrate While supplying an ultra 
sonic Wave to the substrate, thereby removing the porous 
region. 
[0026] In the porous region removing method, the second 
step preferably comprises the steps of replacing the ?rst 
process solution ?lling the porous region With the second 
process solution While supplying an ultrasonic Wave to the 
substrate, etching the porous region Without supplying any 
ultrasonic Wave to the substrate until the pore Walls in the 
porous region have not more than a predetermined thick 
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ness, and etching the porous region remaining on the sub 
strate While supplying an ultrasonic Wave to the substrate, 
thereby removing the porous region. 

[0027] The porous region rernoving method preferably 
further comprises, after the second step, the third step of 
removing the porous region remaining on the substrate. 

[0028] In the porous region rernoving method, the third 
step preferably comprises removing the porous region 
remaining on the substrate using an etchant. 

[0029] In the porous region rernoving method, the third 
step preferably comprises removing the porous region 
remaining on the substrate using the etchant While supplying 
the ultrasonic Wave to the substrate. 

[0030] In the porous region rernoving method, the second 
and third steps are preferably executed While dipping the 
substrate to be processed in the same etchant. 

[0031] In the porous region rernoving method, the third 
step preferably comprises removing the porous region 
remaining on the substrate using a third process solution 
Whose etching rate for the porous material is higher than that 
of the second process solution. 

[0032] In the porous region rernoving method, the third 
step preferably comprises removing the porous region 
remaining on the substrate using a high-pressure ?uid. 

[0033] In the porous region rernoving method, the third 
step preferably comprises removing the porous region 
remaining on the substrate by polishing. 

[0034] In the porous region rernoving method, the third 
step preferably comprises removing the porous region 
remaining on the substrate by scrubbing. 

[0035] In the porous region rernoving method, in process 
ing the substrate While supplying the ultrasonic Wave to the 
substrate, a relative positional relationship betWeen the 
substrate and an ultrasonic source is preferably changed. 

[0036] In the porous region rernoving method, in process 
ing the substrate While supplying the ultrasonic Wave to the 
substrate, the substrate is preferably sWung in the process 
solution. 

[0037] In the porous region rernoving method, in process 
ing the substrate While supplying the ultrasonic Wave to the 
substrate, a position of at least one of the substrate and the 
ultrasonic source is preferably changed in a direction sub 
stantially parallel or perpendicular to a vibration plane of the 
ultrasonic Wave. 

[0038] In the porous region rernoving method, the ?rst 
and/or second step preferably comprises changing a relative 
positional relationship betWeen the substrate and the ultra 
sonic source. 

[0039] In the porous region rernoving rnethod, all or some 
of the ?rst to third steps preferably cornprise changing a 
relative positional relationship betWeen the substrate and the 
ultrasonic source. 

[0040] In the porous region rernoving method, the ?rst 
and/or second steps preferably comprises circulating the 
process solution to form a How of the process solution near 
the substrate. 
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[0041] In the porous region rernoving rnethod, all or some 
of the ?rst to third steps preferably cornprise circulating the 
process solution to form a How of the process solution near 
the substrate. 

[0042] In the porous region rernoving rnethod, supply of 
the ultrasonic Wave to the substrate is preferably controlled 
by operating or stopping the ultrasonic source. 

[0043] In the porous region rernoving rnethod, supply of 
the ultrasonic Wave to the substrate is preferably controlled 
by inserting an ultrasonic Wave shielding plate betWeen the 
ultrasonic source and the substrate. 

[0044] According to the present invention, there is also 
provided a method of manufacturing a semiconductor sub 
strate, characteriZed by comprising the steps of forming a 
porous layer and at least one non-porous layer on a ?rst 
substrate, bonding a second substrate to the non-porous 
layer side of the ?rst substrate, removing the ?rst substrate 
from the bonded substrate stack to expose the porous layer 
on a surface of the second substrate, and removing the 
porous layer on the second substrate using the above porous 
region rernoving method. 

[0045] In the semiconductor substrate manufacturing 
method, the step of exposing the porous layer preferably 
comprises grinding, polishing, or etching the ?rst substrate 
from a loWer surface side of the bonded ?rst substrate to 
expose the porous layer on the surface of the second 
substrate. 

[0046] In the semiconductor substrate manufacturing 
method, the step of exposing the porous layer preferably 
comprises dividing the bonded substrate stack at the porous 
layer to expose the porous layer on the surface of the second 
substrate. 

[0047] In the semiconductor substrate manufacturing 
method, the non-porous layer preferably includes a single 
crystal Si layer. 

[0048] In the semiconductor substrate manufacturing 
method, the non-porous layer preferably includes a single 
crystal Si layer and an Si oxide layer. 

[0049] In the semiconductor substrate manufacturing 
method, the single-crystal Si layer is preferably a layer 
epitaxially groWn on the porous layer of the ?rst substrate. 

[0050] In the semiconductor substrate manufacturing 
method, the non-porous layer preferably includes a single 
crystal cornpound semiconductor layer. 

[0051] In the semiconductor substrate manufacturing 
method, the second substrate preferably essentially consists 
of an Si material. 

[0052] In the semiconductor substrate manufacturing 
method, the second substrate preferably has an Si oxide 
layer on a surface to be bonded to the ?rst substrate. 

[0053] In the semiconductor substrate manufacturing 
method, the second substrate is preferably a transparent 
substrate. 

[0054] According to the present invention, there is also 
provided a porous region rernoving apparatus for removing 
a porous region from a substrate having the porous region, 
characteriZed by comprising means for executing the ?rst 
step of ?lling the porous region With a ?rst process solution 
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having no etching function or Weak etching function for a 
porous material, and means for executing the second step of 
replacing the ?rst process solution ?lling the porous region 
With the second process solution having an etching function 
for a porous material to etch the porous region. 

[0055] Further objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description of embodiments of the present invention 
With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] FIGS. 1A to 1D are vieWs for explaining the 
principle of a porous layer removing method according to a 
preferred embodiment of the present invention; 

[0057] FIGS. 2A to 2C are vieWs shoWing a fabrication 
method according to the ?rst application example of the 
porous layer removing method; 

[0058] FIGS. 3A to 3F are vieWs shoWing a semiconduc 
tor substrate manufacturing method according to another 
preferred embodiment of the present invention; 

[0059] FIG. 4 is a perspective vieW shoWing the ?rst 
arrangement of a Wafer processing apparatus; 

[0060] FIG. 5 is a perspective vieW shoWing the second 
arrangement of the Wafer processing apparatus; 

[0061] FIG. 6 is a perspective vieW shoWing the third 
arrangement of the Wafer processing apparatus; 

[0062] FIGS. 7A to 7E are vieWs shoWing operation of the 
Wafer processing apparatus shoWn in FIG. 6; 

[0063] FIG. 8 is a perspective vieW of a sWing assist 
member in the Wafer processing apparatus shoWn in FIG. 6; 

[0064] FIG. 9 is a vieW shoWing the fourth arrangement of 
the Wafer processing apparatus; 

[0065] FIG. 10 is a vieW shoWing the ?fth arrangement of 
the Wafer processing apparatus; 

[0066] FIGS. 11A and 11B are vieWs shoWing a modi? 
cation of the Wafer processing apparatus shoWn in FIG. 5 or 
6; 
[0067] FIGS. 12A to 12C are vieWs shoWing the seventh 
arrangement of the Wafer processing apparatus; and 

[0068] FIG. 13 is a vieW shoWing the seventh arrange 
ment of the Wafer processing apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0069] The present invention is suitable for a method of 
sequentially forming a porous layer and a non-porous layer 
on a ?rst substrate, bonding the ?rst substrate to a separately 
prepared second substrate, separating the bonded substrate 
stack into tWo substrates at the porous layer to transfer the 
non-porous layer formed on the ?rst substrate side to the 
second substrate side, and removing the porous layer 
remaining on the surface on the second substrate side, 
thereby manufacturing an SOI substrate. 

[0070] As the ?rst substrate, a single-crystal Si substrate 
can be used. In this case, the porous layer is a porous Si 
layer. On the porous Si layer, a single-crystal Si layer can be 
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epitaxially groWn as a non-porous layer. An insulating layer 
such as an SiO2 layer may be formed on the single-crystal Si 
layer. 

[0071] In the embodiment, the porous layer and the non 
porous layer are sequentially formed on the ?rst substrate, 
and this substrate is bonded to the separately prepared 
second substrate to form a bonded substrate stack. After the 
bonded substrate stack is separated into tWo substrates at the 
porous layer, the porous layer remaining on the second 
substrate side is removed by, e.g., Wet etching. 

[0072] More speci?cally, in this embodiment, to remove 
the porous layer remaining on the second substrate side after 
separation, pores in the porous layer are ?lled With a solution 
Which does not etch the porous material or a solution Whose 
etching rate for the porous material is loW (to be referred to 
as a preprocess solution hereinafter). After the pores in the 
porous layer are suf?ciently ?lled With the preprocess solu 
tion, the preprocess solution is replaced With an etchant 
having an etching function for the porous material. The pore 
Walls of the porous layer are etched by this etchant. 

[0073] According to this method, the time (to be referred 
to as a ?lling time hereinafter) required to ?ll each pore in 
the porous layer With the etchant to the deepest portion can 
be shortened, and consequently, the ?lling time for the pores 
can substantially be uniformed. Hence, variations in surface 
of the second substrate or variations betWeen substrates after 
removal of the porous layer can be suppressed, so a high 
quality substrate (e. g., an SOI substrate) Whose surface layer 
has high ?lm thickness uniformity can be manufactured. 

[0074] When the pores in the porous layer are ?lled With 
the etchant Without ?lling them With the preprocess solution, 
gas in the pores in the porous layer is replaced With the 
etchant, and this requires a long ?lling time. For this reason, 
the ?lling time for the pores readily varies, and as a 
consequence, progress of etching in the pores readily varies. 
This variation may loWer the yield of mass production. 

[0075] In this embodiment, Water is preferably used as the 
preprocess solution. When Water is employed as the prepro 
cess solution, the in?uence of the preprocess solution on the 
etchant Which replaces the preprocess solution is small, and 
degradation of the etchant can be suppressed. 

[0076] When the porous material is Si, not only Water but 
also a solution having an oxidation function, e.g., hydrogen 
peroxide, nitric acid, or hydrochloric acid can be used. As 
the etchant, ?uoric acid can be used. 

[0077] FIGS. 1A to 1D are vieWs for explaining the 
principle of a porous layer removing method according to a 
preferred embodiment of the present invention. Referring to 
FIGS. 1A to 1D, reference numeral 201 denotes an under 
lying substrate (second substrate); 202, a porous layer; and 
203, a preprocess solution; and 204, an etchant. 

[0078] In FIG. 1A, the pores of the porous layer 202 are 
?lled With the preprocess solution 203 to the deepest por 
tions. At this time, an ultrasonic Wave is preferably supplied 
to the object (e.g., a bonded substrate stack) to be processed. 
When an ultrasonic Wave is supplied, the speed at Which the 
pores are ?lled With the preprocess solution increases. 

[0079] After each pore in the porous layer 202 is ?lled 
With the preprocess solution 203 to the deepest portion, in 
the step shoWn in FIG. 1B, the preprocess solution 203 is 
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replaced With the etchant 204. In this speci?cation, “replace 
ment” also includes a case Wherein ions (e.g., ?uorine or 
hydrogen ions) in the etchant (e.g., ?uoric acid) 204 diffuse 
in the preprocess solution (e.g., Water) 203 to ?ll the pores 
With the etchant 204. During execution of this step, an 
ultrasonic Wave is preferably supplied to the object to be 
processed. By supplying the ultrasonic Wave, the preprocess 
solution 203 can be quickly replaced With the etchant 204. 

[0080] As described above, When the pores in the porous 
layer 202 are ?lled With the preprocess solution 203, and 
then, the preprocess solution 203 is replaced With the etchant 
204, the pores in the porous layer 202 can be quickly ?lled 
With the etchant. Consequently, an etching variation due to 
variation in ?lling time can be suppressed. 

[0081] In FIG. 1C, the pores in the porous layer 202 groW 
by the etching function. At this time, preferably, supply of 
the ultrasonic Wave is stopped, or the ultrasonic poWer is 
reduced. The reason for this is as folloWs. 

[0082] The porous layer starts to break as soon as the pore 
Walls have a predetermined thickness. Since the porous layer 
breaks ?rst at thin portions, the surface of the underlying 
substrate 201 is etched in these portions. In this case, 
apparently the planarity of the substrate 201 degrades. If the 
underlying layer is a ?lm, ?lm thickness uniformity in the 
surface or betWeen substrates suffers. HoWever, When sup 
ply of the ultrasonic Wave is stopped While the pores in the 
porous layer 202 groW, as described above, the pores do not 
break unless they become much thinner than in a case 
Wherein supply of the ultrasonic Wave is not stopped. In this 
case, therefore, etching can be prevented from locally exces 
sively progressing. 
[0083] Even When no ultrasonic Wave is supplied to the 
object to be processed, etching progresses not only in the 
horiZontal direction (planar direction) but also in the vertical 
direction. HoWever, the in?uence on etching is negligible 
compared to the case Wherein an ultrasonic Wave is supplied. 

[0084] In FIG. 1D, the porous layer 202 With thin pore 
Walls is removed. Not only etching but also polishing, 
scrubbing, or the Water jet method can be applied to this 
step. In this step, the porous layer having a fragile structure 
upon etching is removed at once. 

[0085] When etching is applied to the step shoWn in FIG. 
1D, the steps in FIGS. 1B to 1D can be executed using the 
same etching tank. In this case, in the step shoWn in FIG. 
1C, supply of the ultrasonic Wave is temporarily stopped, 
and processing Waits until pore Walls at the deepest portion 
of the porous layer become thin enough to immediately 
break in the entire region upon resupply of an ultrasonic 
Wave, and then, the step in FIG. 1D is executed (etching 
While supplying the ultrasonic Wave). With this process, the 
porous layer can be removed at once, and almost simulta 
neously, the underlying substrate 201 can be exposed in the 
entire region of the object to be processed. For this reason, 
variations in etching can be reduced, and a high planarity of 
the underlying substrate 201 can be maintained. 

[0086] The above porous layer removing method can be 
easily applied to batch processing of a number of substrates. 
More speci?cally, for each of a number of objects to be 
processed, after the pore Walls at the deepest portion of the 
porous layer are thinned to immediately break in the entire 
region in the step shoWn in FIG. 1C, the step shoWn in FIG. 
1D is executed. 
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[0087] This porous layer removing method is preferably 
practiced While completely dipping the object to be pro 
cessed in the etchant. In this case, particles can be prevented 
from sticking to the object to be processed near the interface 
betWeen the etchant and air. 

[0088] According to this porous layer removing method, 
by supplying an ultrasonic Wave, etching is prompted to 
break the porous layer, and particles can be ef?ciently 
removed from the object to be processed. 

[0089] When the porous layer is removed While changing 
the relative positional relationship betWeen the ultrasonic 
source (e.g., an ultrasonic vibrator) and the object to be 
processed and, more speci?cally, the positional relationship 
betWeen the substrate and a standing Wave generated 
betWeen the ultrasonic vibration surface and the liquid 
surface of the etchant, processing can be uniformly per 
formed in all regions of the substrate surface. To do this, for 
example, the substrate is rotated, the substrate is sWung, a 
carrier holding the substrate is sWung, or the ultrasonic 
source is moved. 

[0090] Application examples of the porous layer removing 
method Will be described beloW. 

[0091] First Application Example 

[0092] The ?rst application example is associated With an 
object fabrication method. FIGS. 2A to 2C are vieWs 
shoWing the fabrication method of this application example. 
In FIG. 2A, an Si substrate 401 locally having porous Si 
portions 402 is prepared. The Si substrate 401 is obtained by, 
e.g., forming a resist ?lm on the Si substrate, patterning the 
resist ?lm by lithography, and anodiZing the resultant struc 
ture. In place of the resist ?lm, a patterned Si3N4 ?lm or Wax 
may be employed. As this Wax, Wax having ?uoric acid 
resistance, e.g., ApiZoen Wax (trade name) can be used. 

[0093] In FIG. 2C, the porous Si portion 402 is removed. 
More speci?cally, the substrate shoWn in FIG. 2B is set in 
a processing tank ?lled With the preprocess solution (e.g., 
pure Water) to ?ll pores in the porous Si portion 402 With the 
preprocess solution. At this time, to shorten the ?lling time, 
an ultrasonic Wave is preferably supplied to the substrate. 

[0094] Subsequently, the substrate in Which the pores in 
the porous Si portion 402 are ?lled With the preprocess 
solution is set in an etching tank ?lled With an etchant (e.g., 
?uoric acid). The preprocess solution in the pores in the 
porous Si portion 402 is replaced With the etchant to etch the 
pore Walls in the porous Si portion 402. To accelerate 
etching, an ultrasonic Wave is preferably supplied to the 
substrate. On the other hand, to suppress variations in the 
progress of etching, supply of the ultrasonic Wave is pref 
erably stopped after the preprocess solution is replaced With 
the etchant. 

[0095] In this etching process, the pore Walls in the porous 
Si portions 402 gradually thin. The color of porous Si 
portions 402 also gradually becomes lighter When vieWed 
from the surface (loWer side of the draWing). When the pore 
Walls have suf?ciently thinned, an underlying non-porous 
layer (pattern) 403 can be seen through the porous Si 
portions 402. 

[0096] In this state, the remaining porous Si portions are 
removed. To remove the porous Si portions, for example, 1) 
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etching is performed While resupplying the ultrasonic Wave, 
or 2) etching is performed using an etchant With high Si 
etching rate. 

[0097] To leave a hard structure, the porous Si portions 
may be removed by a jet of Water. 

[0098] When the entire Si substrate 401 is made of porous 
Si, only the non-porous layer formed on the substrate can be 
left. In addition, When the non-porous layer 403 is patterned, 
as described above, various structures including a cantilever 
shoWn in FIG. 2C can be formed. 

[0099] Second Application Example 

[0100] The second application example is associated With 
a semiconductor substrate manufacturing method. FIGS. 3A 
to 3F shoW the semiconductor substrate manufacturing 
method of this application example. In FIG. 3A, a ?rst 
single-crystal Si substrate 501 is prepared, and a porous Si 
layer 502 is formed on one surface of the ?rst single-crystal 
Si substrate 501. In FIG. 3B, at least one non-porous layer 
503 is formed on the porous Si layer 502. As the non-porous 
layer 503, a single-crystal Si layer, a polycrystalline Si layer, 
an amorphous Si layer, a metal layer, a compound semicon 
ductor layer, or a superconductor layer is suitable. As the 
non-porous layer 503, a layer including a device structure 
such as a MOSFET may be formed. An SiO2 layer 504 is 
preferably formed on the surface layer, thus completing the 
?rst substrate. This SiO2 layer 504 is useful because When 
the ?rst substrate is bonded to a second substrate 505, the 
interface states of the bonding interface can be separated 
from the active layer. 

[0101] Subsequently, as shoWn in FIG. 3D, the separately 
prepared second substrate 505 is brought into contact With 
the ?rst substrate shoWn in FIG. 3C at room temperature via 
the SiO2 layer 504. After this, anode bonding, pressing, a 
heat treatment as needed, or a combination thereof is per 
formed to ?rmly bond the substrates. 

[0102] When a single-crystal Si layer is formed as the 
non-porous layer 503, the ?rst substrate is preferably bonded 
to the second substrate 505 after the SiO2 layer 504 is 
formed on the surface of the single-crystal Si layer by, e.g., 
thermal oxidation. 

[0103] As the second substrate 505, an Si substrate, a 
substrate obtained by forming an SiO2 layer on an Si 
substrate, a transparent substrate consisting of silica glass, or 
quartZ or a sapphire substrate is suitable. Any other substrate 
can be used as far as the second substrate 505 has a 
sufficiently ?at surface to be bonded. 

[0104] FIG. 3D shoWs a state Wherein the ?rst substrate 
and the second substrate are bonded via the SiO2 layer 504. 
If the non-porous layer 503 or the second substrate does not 
consist of Si, the SiO2 layer 504 need not be formed. 

[0105] In bonding, an insulating thin plate may be inserted 
betWeen the ?rst substrate and the second substrate. 

[0106] In FIG. 3E, the ?rst Si substrate 501 is removed 
from the second substrate side at the porous Si layer 502. To 
remove the ?rst substrate, the ?rst substrate side is discarded 
by grinding, polishing, or etching, or the bonded substrate 
stack is separated into the ?rst substrate side and the second 
substrate at the porous Si layer 502. 
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[0107] In FIG. 3F, the porous Si layer 502 remaining on 
the surface on the second substrate side is removed. More 
speci?cally, the second substrate side shoWn in FIG. 3E is 
set in a processing tank ?lled With the preprocess solution to 
?ll pores in the porous Si layer 502 With the preprocess 
solution. At this time, to shorten the ?lling time, an ultra 
sonic Wave is preferably supplied to the substrate. As the 
preprocess solution, not only pure Water but also a solution 
containing hydrogen peroxide, nitric acid, or hydrochloric 
acid having an oxidation function can be used. 

[0108] Subsequently, the substrate in Which the pores in 
the porous Si layer 502 are ?lled With the preprocess 
solution is set in an etching tank ?lled With an etchant. The 
preprocess solution in the pores in the porous Si layer 502 
is replaced With the etchant to etch the pore Walls in the 
porous Si layer 502. To accelerate etching, an ultrasonic 
Wave is preferably supplied to the substrate. On the other 
hand, to suppress variations in the progress of etching, 
supply of the ultrasonic Wave is preferably stopped after the 
preprocess solution is replaced With the etchant. As the 
etchant, ?uoric acid can be used. 

[0109] In this etching process, the pore Walls in the porous 
Si layer 502 gradually thin. The color of porous Si layer 502 
also gradually becomes lighter When vieWed from the sur 
face. When the pore Walls have suf?ciently thinned, the 
underlying non-porous layer (e.g., a single-crystal Si layer) 
503 can be seen through the porous Si layer 502. 

[0110] In this state, the remaining porous Si layer 502 is 
removed. To remove the porous Si layer, for example, 1) 
etching is performed While resupplying an ultrasonic Wave, 
2) etching is performed using an etchant With high Si etching 
rate, 3) the porous Si layer 502 is removed by a Water jet, 4) 
the porous Si layer 502 is polished, or 5) scrubbing is 
performed. 

[0111] FIG. 3F is a vieW schematically shoWing a semi 
conductor substrate (SOI substrate) obtained by the above 
method. The non-porous layer (e.g., a single-crystal Si layer) 
503 With a ?at surface and uniform ?lm thickness is formed 
on the second substrate 505 via the insulating layer (e.g., an 
SiO2 layer) 504. According to this method, a large-area 
semiconductor substrate having high quality can be manu 
factured. 

[0112] When an insulating substrate is employed as the 
second substrate 505, the semiconductor substrate obtained 
by the above manufacturing method is very useful to form 
an insulated electronic device. 

[0113] When the bonded substrate stack shoWn in FIG. 
3D is divided at the porous Si layer 502, the ?rst substrate 
can be reused after the porous Si layer 502 remaining on the 
?rst substrate 501 is removed, and the surface is planariZed, 
as needed. 

[0114] Speci?c examples of a Wafer processing apparatus 
suitable to remove a porous layer Will be listed beloW. 

[0115] Wafer processing apparatuses to be described 
beloW can be used for both of the step (preprocess) of ?lling 
pores in the porous layer With the preprocess solution and 
the step (main process) of replacing the preprocess solution 
With the etchant to perform etching. One Wafer processing 
apparatus may be used for both of the preprocess and the 
main process by exchanging the process solution. Alterna 






















