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;io;j manufaqtqr;p method and, more particularly, to a method

L method=ﬁs;qg-ghis method, and an apparatus for removing

s
* DESCRIPTION OF THE RELATED ART
Théf g method of sequentially forming a porous

Lg si 1ayer an . single-~ crystal Si layer on a flrst

i-substrate -bondlng the first substrate to a separately
_ 20 ) 'prepared cond substrate, and separating the bonded

“ : substrate stack 1nto two substrates at the porous Si

.. layer to transfer the single-crystal Si layer formed on
5'the flrst sﬁbstrate s1de to the second substrate side,

L thereby manufacturlng an SOI substrate.

In thls method after the  bonded sdbstrate stack is

-&Tseparated 1nto two substrates, the porous Si layer
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There is a method of sequentially formng a porous Si layer and a e
single-crystal Si layer on a first substrate, bonding the first substrate
to a separately 20 prepared second substrate, and separating the bonded - - .
substrate stack into two substrates at the porous Si- layer to transfer the
single-crystal Si layer forned on the first substrate side to the second
substrate side, thereby manufacturing an SO substrate. 25 In this
nmet hod, after the bonded substrate stack is separated into two substrates,
t he porous Si |ayer remai ning on the surface on the second substrate
side is 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 film thickness uniformity of the
5 single-crystal Si layer as the surface layer of the

second substrate is preferably not hindered.

'SUMMARY OF THE INVENTION
The present invention has been made in

10 consideration 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.

15 According to the present invention, there is
provided a porous region remoning method for removing a
porous region from a substrate haﬁing the porous region,
characterized by comprising the first step of filling
the porous region with a first process éolut;on having

20 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
etéhing function for a porous materialféﬁter the first
step. -

25 In the porous region removing methé@; the second

step preferably comprises replacing theﬁfirst process
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renoved. In renmoving the porous Si layer, the planarity of the surface of
the underlying second substrate and, nore-particularly, the filmthickness
uniformity of the 5 single-crystal - Si layer as the surface |ayer of the
second substrate is preferably not hindered. SUMVARY OF THE | NVENTI ON The
present invention has been nade in 10 consideration of the above
‘Situation, and has as its object to provide a porous region renoving nethod
capable of maintaining a given planarity of an underlying |ayer and a

sem conduct or substrate manufacturing nethod using this nethod. 15

- According £0 d0RRIG YU IIRLCRHEOBorbE  FebforP WA IRle? SBBERHS T 00T O

renmovi ng neth renovin
process solution to etch the porous region.

In the porous region removing method,-the substrate

to be processed preferably essentially consists of
5 single-crystal Si.

In the porous region removing method, the porous
region preferably essentially consists of an Si
material. |

In the porous region removing method, the porous

10 region is preferably formed By dnodizing a substrate
consisting of single-crystal Si.

In the porous region removing methbd, preferably,
the first procesé solution chemically changes pore walls
in the porous region, and the second pfocess solution

15 has the etching function not'qnly for a poroqs material
but also for a substance which chemically changes.

In the porous region removing method, the.first
process solﬁtion preferably has an oxidation function
for the pore walls in the porous region.

20 In the porous region removing method, the fifst
process solution is preferably Water.

In the porous region removing method, the first
process SOlupion preferably contains a material selected
from the group consisting of an alcoholpéhydrégen

25 peroxide, nitric acid, and hydrdchloric:acid{

In the porous region removing method, the second
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porous region froma substrate having the porous region, characterized by
conprising the first step of filling t he porous region with a first process
sol'uti on having 20 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 materi al
after the first step. 25 In the porous.region renoving nethod, the
second step preferably conprises replacing the first process - 3-

process splution preferébly contains fluoric acid.

In the porous region removing method, the second
process solution is preferably a material sélected from
the group coﬁsisting of

5 (a) a mixed solution prepared'by adding at least one of
an alcqhol and hydrogen peroxide to fluoric acid,
(b) a mixed solution of fluoric acid and nitric acid,
and
(c) a mixed solution of fluoric aéid, nitric acid, and

10 acetic acid.

In the porous region removing method, an ultrasonic_
wave is preferably supplied to the substrate during at
least part of an overall period of execution of the
first and second steps. .

15 .In the porous region removing method, the first
step preferably comprises supplying an ultrasonic wave
to the substrate.

In the porous region removing method, an ultrasonic
wave is preferably supplied to the subétrate.during at

20 least part of an overéll period of execution of the
second step.

In the porbus region removing.method, an ultrasonic
wave is preferably supplied to the substrate during at
least part of an overall period of execution of the

25 second step, in which the first process solutioh filling

the porous region is replaced with the second process
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solution filling the porous region with the second process solution to etch
t he porous region. In the porous region renoving nethod, the substrate to
be processed preferably essentially consists of 5 S|ngle crystal Si. In the
porous region renoving method, the porous region preferably essentially
.consists of an Si material. In the porous region renoving nmethod, the
porous 10 region is preferably formed by anodizing a substrate consisting
of single-crystal .Si. In the porous region renoving method, preferably, the
first process solution chem cally changes pore walls in the porous region,
and t he secondop;€88Ss Sol ution

In the porous region removing method, the second
step preferably comprises the steps of etching the
porous region without supplying any. ultrasonic wave to

5 the substrate until the pore walls in the porous region
have not more than é predetermined thickness, and
etching the porous region remaining on the substrate
while supplying an ultrasonic wave to the substrate,
thereby removing the porous region.

10 In the porous region removing method, the second
step preferably comprises tﬁe steps of replacing the
first process solution filling the porous regién with

" the second process solution while éupplying an
ultrasonic wave to tﬁelsubstrate, etching the porous

15 region without supplying any ultrasonic wave to the
substrate 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 ultrasonic wave to the substrate, thefeby removing

20 the porous region.

The porous region removing method preferably
further comprises, after the second steéf the third step
of removing the porous region remainingé@n the
substrate. _

25 In the porous region remov1ng method the third

step preferably comprises removing the porous region
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15 has the etching function not only for a porous material but also for a
subst ance which chem cally changes. In the porous region renoving nethod,
the first process solution preferably has an oxidation function for the
pore walls in the porous region. 20 . I'n the porous region renoving
met hod, the first process solution is preferably water. In the porous
regi on renoving nethod, the first process solution preferably contains a
material selected fromthe group consisting of an al cohol, hydrogen 25
peroxide, nitric acid, and hydrochloric acid. In the porous region renDV|ng

method, the $@a@AHing on the substrate using an etchant.

In the porous region removing method, the third .
step preferably comprises removing the poroﬁs region
remaining on the substrate using the etchant while

5 supplying the ultrasonic wave to the substrate.

In the porous region removing method, the second
:and third steps are preferably executed while dipping
the substrate to be processed in the same etchant.

In the porous region removing method, the third

10 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.

In the porous region removing method, the third

15 .step preferably comprises removing the porous region
remaining on the substrate using a high~pressufe fluid.

In the porous region removing method, the third
step prefe;ably comprises removing Ehelpérous fegion
remaining on the substrate by polishing.

20 - In the poréus region removing méthp@, the third
step preferably comprises removing the Qérous region
remaining on the substrate by scrubbing' 

In the porous reglon removing method in processing

the substrate while supplylng the ultrasonlc wave to the

25 substrate, a relative positional relati _ghxp between

the substrate and an ultrasonic source is preferably
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process solution preferably contains fluoric acid. In the porous-region
renoving: met hod, the second process solution is preferably a materi al

sel ect ed . from t he group consisting of 5 (a) a_m xed solution prepared by
addi ng at |east one of an al cohol and hydrogen peroxide to fluoric acid,
(b) a mxed solution of fluoric acid and nitric acid, and (c) a m xed
solution of fluoric acid, nitric acid, and 10 acetic acid. In the porous
regi on renovi ng nmethod, an ultrasonic wave is preferably supplied to the
substrate during at |east part of an overall period of execution of the

_changed.

In the porous region removing method, in processing
the substrate while supplying the ultrasonié wave to the
substrate, the substrate is preferably swung in the

5 process solution.

In the porous region rémoving method, in processing
the substrate while supplyving the ultrasonic wave to the
substrate, a position of at least one of the substrate
and the ultrasonic source is preferably éhanged in a

10 direction substantially parallel or perpendicular to a
vibratidn plane of the ultrasonic wave.

'In the porous region removing method, the first
and/or second step preferably comprises changing a
relative positional relationship between the substrate.

15 .and the ultrasonic source.

In the porous region removing method, all br some
of the first to third steps preferably comprise changing
a relative positional relationship between the substrate
and the ultrasonic source.

20 In the porous region rémovinq method, the first
and/or second steps preferably comprises circulating the
process solution to form a flow of the process solution -
near the substraie.

In the porous reglon removing method all or some

25 of the first to third steps preferably comprlse

circulating the process solution to form a flow of the
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first and second steps. 15 I n the porous region renoving nethod, the
first: step preferably conprises supplying an ultrasonic wave to the
substrate: I'n the porous region renoving nethod, an ultrasonic wave is
preferably supplied to the substrate during at 20 |least part of an overal
peri od of execution of the second step. In the porous region renoving

met hod, an ultrasonic wave is preferably supplied to the substrate during
at | east part of an overall period of execution of the 25 second step, in
which the first process solution filling t.he porous reglon is replaced with

t he second Prok&S&éss solution near the substrate.

In the porous region removing methqdi supply of the
ultrasonic wave to the substrate is pfeféraﬁly
controlled by operating or stopping the ultrasonic

5 source.

In the porous region removing method, supply of the
ultrasonic wave to the substrate is preferably
contrélled_by inserting an ultrasonic wave shielding
plate between the ultrasonic source and the substrate.

10 According to the present invention,-there is also
| provided a method of manufacturing a semiconductor
substrate, characterized by comprising the steps of
forming a porous layer and at least one;ﬁon—porous layer
on a first substrate, bonding a second éﬁbstrate to the
15 non-porous layer side of the first subst#ate, removing
the first substrate from the bonded subSpréte stack to
expose the porous layer.on a surface.offthe second

substrate, and removing_the porous layer. on the second

substrate using the above porous regionj"emoving"method.

20 In the semiconductor substrate manufacturing

method, the step of exposing the porousj;ayer preferably

comprises grinding, bolishing, or etching the first

substrate .from a lower surface side of ‘the bonded first
substrate to expose the porous layer on he surface of
25 the second substrate.

In the semiconductor substrate manufacturing
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-5- sol ution.

In the porous region renoving nethod, the second step

preferably conprises the steps of etching the porous region wthout

supplying any ultrasonic wave to 5 the substrate until
t he porous region have not nore than a predeterm ned thickness,

the pore walls in
and et ching

t he porous region remaining on the substrate while supplying an ultrasonic
wave to the substrate, thereby renoving the porous region. 10

porous region renovi ng net hod,

st eps of

repl aci ng the

10

15

20

25
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method, the step of exposing the porous layer preferably
comprises dividing the bonded substrate.gtack at the
porous layer to expose the porous layef'on fhe surface
of the second substrate.

In the semiconductor substrate manufacturing
méthod, the non-porous layer preferably includes a
single-crystal Si layer.

. In the semiconductor substrate manufacturing
method, the‘non—porous layer preferab1y includes a
single-crystal Si layer and an Si oxide layer.

In the semiconductor substrate manufacturing

‘method, the single-crystal Si layer is preferably a

layer epitaxially grown on the porous layer of the first
subsﬁrate.

In the semiconductor substrate manufacturing
method, the noh-porous layer preferably inciudes a
single-crystal compound semiconductor layer.

In the semiconductor substrate manufacturing
method, the second substrate preferablyféssentially
consists of an Si matérial.

In the semiconductor substrate man@facturing

method, the second substrate preferably;hgs an Si oxide

layer on a surface to be bonded to the f“?st substrate.

In the semiconductor substrate manufacturing

method, the second substrate is preferab.y a transparent

substrate.

laced

In the

t he second step preferably conprises the



first process solution filling the porous region wth the second process
solution while supplying an ultrasonic wave to the substrate,
porous 15 region without supplying any ultrasonic wave to the

unti |

the pore walls in the porous region have not nore than a

predeterm ned thickness, and etching the porous region renaini
substrate while supplying an ultrasonic wave to the substrate,
removi ng 20 . the porous region. The porous region renoving net
preferably further conprises, after the second step, the third
renoving the poroucoedifg E8MBhEI Plesdht NEidMiSbhat @hefe is alsol N the
porous region renoving nethod, the third
provided a porous region removing apparatus for removing

a porous region from a substrate having the porous

et ching the
substrate

ng on the
t her eby
hod

step of

region, characterized by comprising means for executing

5 the first step of filling the porous region with a first

process solution having no etching function or weak

etching function for a porous material, and means for

executing the second step of replacing the first process

solution filling the porous region with the second

10 process solution having an etching function for a porous

material to etch the porous region.

Further objects, features and advantéges of the

present invention will become apparent from the

following detailed description of embodiments of the

15 present invention with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1D are views for explaining the

20 principle of a porous layer removing method according to

a preferred embodiment of the present invention;

Figs. 2A to 2C are views showing a ﬁabrication

‘method according to the first application:example o

porous layer removing method;

f the

25 Figs. 3A to 3F are views showing a sémiconductor

substrate manufacturing method according'ﬁo another
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step preferably conprises renmoving the porous region -6 - remaining on
the-substrate using an etchant. Ln the porous region renoving nethod, the
third step. preferably conprises renoving the porous region renaining on the
substrate using the etchant while 5 supplying the ultrasonic wave to the
substrate. In the porous region renoving nethod, the second and third steps
are preferably executed while dipping the substrate to be processed in the
same etchant. In the porous region renoving nethod, the third

preferred embodiment of the present invention;
Fig. 4 is a perspective.view éhowing the first
arrangement of a wafer processing apparatus}
Fig. 5 is a perspectiﬁe view showing the second
5 arrangement of the wafer processing apparatus;
Fig. 6 is a.perspective view showing the third
arrangement of the wafer processing apparatus;
Figs. 7A to 7E are views showihg operation of the
wafer processing apparatus shown in Fig. 6;
10 ' Fig. 8 is a perspective view of a swing assist
member in the wafer processing apparatus shown in Fig.
6. . _
Fig. 9 is a ?iew showing the fourth arrangement of
the wafer processing apparatus;
15 Fig. 10 is a view showing the fifth arrangement of
the wafer-précessing apparatus;
Figs. 11A and 11B are views showing a modification
of the wafer processing apparatus shown in Fig. 5 or 6;
Figs. 12A to 12C are views showing the seventh
20 arrangement of the wafer processing apparatus; and
Fig. 13 is a view showing the seventh arrahgement

of the wafer processing apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
25
~The present invention is suitable for a method of

: 'This Sheet Has Been Replaced - 11 _.




10 step preferably conprises renoving 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 sol ution. In the porous
region renoving nethod, the third 15 step preferably conprises renoving

t he porous region renmaining on the substrate using a high-pressure fluid.
In the porous region renoving nethod, the third step preferably conprises
renovi ng the porous region remaining on the substrate by polishing. 20

In the porous region renoving nethod, the third step preferably conprises

removing the %Qéﬁti&ﬂlf@&x%ﬁ%b“h”ﬂo%u&h§a§é@sé:{@ta€n!&ﬁ—i%ﬁ:%@l@' ng. In the
porous region renoving nethod, I'n processing
layer on a first substrate( bonding the first substrate
to a separately prepared second substrate, separating
the bonded substrate stack into two substrates at the
5 porous layer t¢ transfer the non-porous layer formed on
the first substrate side to the second'substrate side,
and removing the porous layer remaining on the surface
on the second-substrate side, thereby manufacturing an
SOoT substrate. |
10 As the flrst 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 epitaxially grown as a non;
porous layer. An insulating layer such as an SiO, layer
15 may be formed_on the single-crystal Si layer.

In the embodiment, the porous layer and)the non-
porous layer are sequentially formed on the first
substrate, and this substrate is bonded to the
separately preﬁared second substrate to form a bonded

20 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.

More specifically, in this eMbodlment, to remove

25 the porous 1ayer remaining on the second substrate side
after separatlon, pores in the porous layer are filled
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the substrate while supplying the ultrasonic wave to the 25
rel-ative positiona

substrate,
rel ati onshi p between the substrate and an ultrasonic

a

source is preferably -7- changed. I n the porous region renoving nethod,

in processing the substrate while supplying the ultrasonic wave to the
the substrate is preferably swng in the 5 process: sol ution.
I n processing the substrate while

substrat e,

t he porous region renoving nethod,

supplying the ultrasonic wave to the

10

15

20

25

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 séluticn
hereinafter). After the pdres in the porous layer are
sufficiently filled with the preprocess solution, 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.
According to this method, qhe time (to be referred
to as a filling time hereinafter) required to £ill each
pore in the porous layer with the etchant to the deepest
portion can be shortened, and consequently, the filling

time for the pores can substantially be uniformed.

‘Hence, variations in surface of the second substrate or

variatiéns 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 f£ilm thickness uniformity can be manufactured.
When the pores in the porous layer are fiiled with
the_etchant without filling them with the preprocess
solution, gas in the pores in the porous layer is
replaced with the etchant, and thié requires:a long
filling time. For this reason, the filling time for the
bores réadiiy varies, and as a consequence, progress of
etching in the pores readily varies. This variation may

lower the yield'of mass production.
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substrate, a position of at |east one of the substrate and the ultrasonic
source:i.s preferably changed in a 10. direction substantially parallel or
perpendi cul ar to a vibration plane of the ultrasonic wave. In the porous
regi on renoving nethod, the first and/or second step preferably conprises
changing a relative positional relationship between the substrate 15 and
the ultrasonic source. tn the porous region renoving nethod, all or sone of
the first to third steps preferably conprise changing a relative positional
rel ati onship between the substrate and the ultrasonic source. 20 In

the porous region figrenid enBdiadnt! NRatées Sis P YratAGOREed! QBStHéEferam y
conprises circulating the
preprocess solutlon. When water is employed as the
preprocess solution, the influence of the preprocess
solution on the etchant which replaces the preprocees
S solution is small, and degradation of t@e etchant can be
suppressed.
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
10 be used. As the etchant, fluoric acid can be used.
'Figs.'lA to 1D are views for explaining the
principle of a poreus layer removing method according to
a preferred embodiment of the present invention.
Referring to Figs. 1A to 1D, reference numeral 201
15 denotes an underlying substrate (second.substrate); 202,
a porous layer; and 203, a preprocess sqlution; and 204,
an etchant.
In Fig. 1A, the pores of the porous layer 202 are
filled with the preprocess solutioﬁ 203 to the deepest
20 portions. At this time, an ultrasonic weve is preferably
- supplied to the object (e.g., a bonded qﬁbstrate stack)
..to be processed. When an ultrasonic wave is supplied,
the speed at which the pores are filled-@ith the

preprocess solution increases.

:3f,_After each pore in the ‘porous’ layer 202 is filled

ﬁ,w1th the preprocess solution 203 to the deepest portlon,

This Sheet Has Been Replaced '




process solution to forma flow of the process solution near the substrate.

I n tthe por.ous region renoving nethod, all or some 25 of the first to third-
steps preferably conprise circulating the process solution to forma fl ow
of the -8- process solution near the substrate. In the porous region
renovi ng nmet hod, supply of the ultrasonic wave to the substrate is
preferably controlled by operating or stopping the ultrasonic 5 source.

 in the step sﬁown in Fig. 1B, the breprocéss solution
203 is replaced with the etchant 204. In this
specification, "replacement" also includes 5 case
wherein ions (e.g., fluorine or hydrogen iohs) in the
5 etchant (e.g., fluoric acid) 204 diffuse in the
preprocess solution (e.g., water) 203 to fill the pores
with the etchant1204. ﬁuring execution of this step, an
ultrasonic wave is preferably supplied to the object to
be processed. By supplying thg ultrasonic wave, the
10 preprocess solution 203 can be quickly replaced with the
etchant 204.
As described above, when the pores in the porous
layer 202 are filled with the preproceés solution 203,
and then, the preprocess solution .203 is replaced with
15 the etchant 204, the pores in the porous layer 202 can .
be quickly filled with the etchant. Consequently, an
etching variation due to variaﬁion in filling time can
be suppressed.
In Fig. 1C, the pores in the porous layer 202 grow
20 by the etching function. At this time, preferably,
supply of the ultrasonic wave is stopped, or the
ultrasonic pbwer is reduced.. The reason for this is as
follows.
.The.porous layer starts to break és soon as the
25 ‘pore walls have a predetermined thickness. Since the

porous layer breaks first at thin portions, the surface
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In the porous region renoving nethod, supply of the ultrasonic wave to the
substrate is preferably controlled by inserting an ultrasonic wave
shiel'ding plate between the ultrasonic source and the substrate. 10
According to the present invention, there is also provided a nethod of
manuf act uri ng a semi conductor substrate, characterized by conprising the
steps of form ng a porous |ayer and at |east one non-porous |ayer on a
first substrate, bonding a second substrate to the 15 non-porous |ayer side
~of the first substrate, renoving the first substrate fromthe bonded

substrate stagk dhe exbBR¥IviNg BEbStSataYRI1 Gk 2tenelagh ehekBe second
.Substrate, and renoving tﬁé porous |ayer on the second substrate using the
above porous poagiions’.eniii tigiseddms]. apparently the planarity of the
substrate 201 degrades. If the underlying iayer is a
film, film thickness ﬁniformity in.the surface or
5 between substrafes suffers. However, when supply 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 oflthe ultrasonic wave is not stopped. In
10 this case, therefore, etching caﬁ be prevented from
locally excessively progressing.
Even when no ultrasonic wave is supplied to the
object to be proeessed, etching progresses not only in
.the horizontal direction (planar direction) but also in
15 the vertical difection. However, the influence on
etehing is negligible compared to the case.wherein an
ultrasonic wave is supplied. | .
In Fig. 1D, the porous layer 202 with thin pore
walls is removed. Not enly etching but also polishing,
20 scrubbing, or the water jet method can be applied to
| this step. In this step, the porous layer having a
ffagile structure upon etching is remove@ at once.
When etching is applied to the steg?shown in Fig.

1D, the steps in Figs. 1B to 1D can be eiecuted using

25 the same etching tank. In this case, i t
in Fig. 1C, supply of the ultrasonic wave is temporarily
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20 In the sem conductor substrate manufacturing nethod, the step of
exposi ng the porous |ayer preferably conprises grinding, pollshlng or
etching the first substrate froma | ower surface side of the bonded first
‘substrate to expose the porous |layer on the surface of 25 the second
substrate. In the sem conductor substrate manufacturing met hod, the step
of exposing the porous |ayer preferably conprises dividing the bonded
substrate stack at the porous |ayer to expose the porous |ayer on the
surface of the second substrate.

stopped, and processing waits until pore walls at the
deepest portion of thé porous layer become thin enough
to immediately break in the entire region uﬁon resupply
of an ultrasonic wave, and then, the step in Fig. 1D is

5 executed (etching while supplying the ultrasohic wave) .
With this process, the_porous layer can be removed at
once,'and almost simultaneously, the underlying
substrate 201 can be ekposed in the eﬁtire region of .the
object to be proceséed. For this reason, variatiéns in

10 etching can be reduced, and é high planarity of the

underlying substrate 201 can be maintained.

The above porous layer removing method can be
ea511y applled to batch processing of a number of
substrates. More specifically, for each of a number of

15 objects to be.proceséed, after the pore walls at the
deepest portion of ﬁhe porous léyer are-thinned to
immediately break in the entire region in the step shown
in Fig. 1C, the sﬁép shown in Fig. 1D is executed.

This porous layer removing method is preferably

20 practiced while completely dipping.the object to be
processed in the etchant. In this cése, particles can be
prevented from sticking to the object to be processed
near the interface between -the etchant and air.

According.to this porous layer'reméving method, by

25 supplying an ultrasonic¢ wave, etching is prompted to
break the porous layer, and particles can be efficiently'
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5 In the sem conductor substrate manufacturing nmethod, the

non- porous | ayer preferably includes a single-crystal Si layer. In the

semn conduct or ‘substrate nmanufacturing nethod, the non-porous |ayer
preferably includes a 10 single-crystal Si layer and an Si oxide layer. In
the sem conductor substrate manufacturing nethod, the single-crystal S

| ayer is preferably a |layer epitaxially grown on the porous |ayer of the
first substrate. 15 In the sem conductor substrate manufacturing

met hod, the non-porous |ayer preferably includes a single-crystal conpound

sem conduct OpemdV8H - £18mt fite SEBY SN I prubekEgage manufact uring

When the porous layer is removed while changing the
relative positional relationship between thé ultrasonic
source (e;g., an ultrasonic vibrator) and the object to

5 be processed and, more specifically, the positional
relationshipvbetween the substrate and a standing wave
generated between the ultrasonic vibration surface and
the liquid surface of the etchant, processing can be
uniformly performed in ailrregions of the substrate

10 surface. To do this, for example, the substrate is
rotated, the substrate is swuhg, a carrier holding the
substrate is swung, or the ultrasonic source is moved.

Application examples of the porous layer removing
method will be described below.

15 (First Abplication Example)

The first application exémple 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

20 porous Si portions 402 is pfepared. The Si substrate 401
is obtained by, e.g., forming a resist film on the Si |
substfate, patterning the resist film by lithography,
and anodizing the resultant structure. Iﬁ place of the
resist f£ilm, a patterned Si,N, filﬁ or wax may be

25 -emploved. As this wax, wax having fiubfié acid

resistance, e.g., Apizoen wax (trade name) can be used.

—
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met hod, the second substrate preferably essentially 20 consists of an S
material. In the sem conductor substrate manufacturing nethod, the second -
substrate preferably has an Si oxide layer on a surface to be bonded to the
first substrate. In the sem conductor substrate manufacturing 25 nethod,
the second substrate is preferably a transparent substrate. 10-
According to the present invention, there is also provided a porous region
renmovi ng. apparatus for renoving - ‘

In Fig..zc, the porous Si portion 402 is removed.
More specifically, the substrate shown in Fig. 2B is set.
in a processing tank fi;ledlwith the preproéess solution
(e.g., pure water) to fill pores in the porous Si

5 portion 402 with the preprocess solution. At this time,

to shorten the filling time, aﬁ'ultrasonic wave is
preferably supplied to the substrate.

Subsequently, the substrate in which the pores in
the porous Si portion 402 are filled with the preprocess

10 solution is set in an etéhing tank filled with an
etchant (e.g., fluoric 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 etghing, an ultrasoﬁic wave

15 is preferably supplied to the substrate. On the other
hand, to suppfess variations in the progress of etching,
supply of the ultrasonic wave is preferably stopped
after the preprocess solution is replaced with the
etchant.

20 : In this etching process, the pore walls in the
porous Si portions 402 gradually thin. The color of
porous Si portions 402 also gradualiy becomes ligﬁtex
when viewed from the surface (lower side of the
drawing). When the pore walls have;sufficiently thinned,

25 an underlying non-porous layer (pattern) 403 can be seen

through the porous Si portions 402. -
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a porous region froma substrate having the porous region, characterized by
conprising means for executing 5 the first step of filling the porous
region with a first process sol ution having no-etching function or weak
etching function for a porous nmaterial, and neans for executing the second
step of replacing the first process solution filling the porous region with
the second 10 process solution having an etching function for a porous
material to etch the porous region. Further objects, features and _
advant ages of the present .invention will becone apparent fromthe foll ow ng

detailed descripti ga ehignBedt&pnte Oferdihilly JRrBR8NEL PYELISRD YLD
reference to the acconpanyi ng draw ngs.
removed. To remove the porous Si portions, for example,
1) etching is performed while resupplying tﬁe ultrasonic
wave, or 2) etching is performed using an etchant with
5 high Si etching rate.
To leave a.hard structure, the porous Si portions
may be removed by a jet of water.
When the entire Si substrate 401 is made of porous
Si, only the non-porous layer formed on ghe substrate
10 can be left. In addition, when the non-porous'layer 403
is patterned,’ as described above, various structures
including a cantiléver shown in Fig. 2C can be formed.
(Second Application Examplg)
The second application example is assoqiated'with a
15 semiconductor substfate manufacturing method. Figs. 3A
to 3F shqw-the semiconductor substrate'manufacturing'
method of this application example. In Fig. 33, é first
single-crystal Si substrate 501 is prepared, and a._ |
porous Si layér 502 is formed on one surface of thé
20 first 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 iayer, an
amorphouslsi layer, a metél layer, a compound'
25 semicdnductor layer, or a_superconducfor-layer is

suitable. As the non-porous layer 503, a layer including
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BRI EF DESCRI PTION OF THE DRAWNGS Figs. 1A to 1D are views for explaining
the 20 principle of a porous |ayer renoving nethod according to a
preferred enbodi nent of the present invention; Figs. 2A to 2C are views

- showing a fabrication nmethod according to the first application exanple of
t he porous |ayer renoving nethod; 25 - .Figs. 3Ato 3F are views
showi ng a sem conductor substrate nanufacturing nmethod according to anot her
-11- preferred enbodi nent of the present invention;

a device structure such as a MOSfET may be formed. An
Si0, layer 504 is preferably formea on the surface layer,
thus completing the first éubstrate. This éio2 layer 504
is useful because when the first substrate is bonded to
5._ a second substrate 505, the interface states of the

bonding interface can be sepafated from the active
layer. ‘

- Subsequently, as shown in Fig. 3D, the separately
prepared second substrate 505 is brought into contact

10 'with the first substrate shown in Fig. 3C at room
temperature via the SiO, layer 504. After this, anode
bonding, pressing, a heat treatment as needed, or a
combination thereof is performed to firmly bond the
substrates. |

15 When a single-crystal Si layer is formed as the
non-porous layer 503, thé first substrate is preferably

~ bonded to the second substrate 505 after the Sioz layer
504 is formed on the surface of the single-crystal Si
layer by, e.g., thermal oxidation.

20 As the second substrate 505, an Si substrate, a
substrate obtéined by forming an Si0O, layer on an Si
substrate, a transpérent substrate consisting of silica
glass, or quaréz or a.sapphire substrate 'is suitable.
Any other substrate can be used.as-far as the second

25 substrate 505 has a sufficiently flat surface to be

- bonded. |
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Fig. 4 is a perspective view show ng the first arrangenent of a wafer
processi ng apparatus; Fig. 5 is a perspective view show ng the second 5
arrangenent of the wafer processing apparatus; Fig. 6 is a perspective view
showi ng the third arrangenent of the wafer processing apparatus; Figs. 7A
to 7E are views show ng operation of the wafer processing apparatus shown
in Fig. 6; 10 Fig. 8 is a perspective view of a sw ng assist nmenber
in the wafer processing apparatus shown in Fig. 6; Fig. 9 is a view show ng
the fourth arrangenent of the wafer processing apparatus; 15 Fig: 10

is a view show ng gie BiDf LRoRkr angesestwidrein the first substrate
and the second substrate are bonded via the SiO, layer
504. If the non-porous layer 503 or the second substrate
does not consist of Si, the Si0, layer 504 need not be
5 formed. |
In bonding, an insulating thiﬁ plate may be
inserted between the first substrate and thé second
substrate.
In Fig. 3E, the first Si substrate 501 is removed
10 from the second substrate side at the porous Si layer
502. To remove the first substrate, the first substrate
side is discarded by grinding, polishing, or eﬁching, or
the bonded substrate stack is séparatedtinto the first
substrate side and the second substrate at the porous Si
15 layer 502. |
In Fig. 3F, the porous Si layer 502 remaining on
the surface on the second substrate side is removed.
More specifically, the second substrate side shown in
Fig. 3E is set in a proces#iﬁg tank filled with the
20 preprocess solution to fill pores in the porous Si layer
502 with the preprocess solution. At this time, to
shorten the filling time, an ultrasonic Qave is
preferably supplied to the substrate. As the preprocess
solution, not only pure water but also a solutlon
25 containing hydrogen pe:ox1de, nltr;c ac1§, or
hydrochloric acid having an oxidation fu;ctioh can be
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the wafer processing apparatus; Figs. 11A and 11B are views showing a

nodi fication of the wafer processing apparatus shown in Fig. 5 or 6; Figs.
12A to 12C are views showi ng the seventh 20 arrangenent of the wafer
processi ng apparatus; and Fig. 13 is a view showi ng the seventh arrangenent
of the wafer processing apparatus. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBCDI NENT 25 The present invention is suitable for a nmethod of -12-

used.

Subsequently, the substrate in which the pores in
the porous Si layer 502 are filled with theipreprocess
solution is set in an etching tank filled with an

5 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 1ayér 502. To accélerate
etching, an ultrasonic wave is preferably supplied to
the substrate. -On the other hand, to suppress variations

10 in the progress of etching, supply of the ultrasonic
wave 1is preferably stopped after the preprocess solution
is replaced with the etchant. As the etchant, fluoric
acid can be used.

In this etching process, the pore walls in the

15 porous Si layef 502 gradually thin. The color of porous
Si layer 502 also gradually becomes lighter when viewed
from the surface. When the pore walls have sufficiently
thinned, the undeflying non-porous layer (e.g., a
singieférYStal Si layer) 503 can be:seehathrough the

20 porous Si layer 502.

ih this state, the remaining borous Si layer 502 is
removed. To remove the porous Si layer, for example, 1)
etching is performed while resupplying ahfultrasonic
wave, 2) etching 1s performed using an etchant with high

25 Si etchlng rate, 3) the porous Si layer;?Qz is removed

by a water jet, 4) the porous Si layer 592 is polished,
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sequentially formng a porous |ayer and a non-porous |ayer on a first
substrate, bonding the first substrate to a separately prepared second
substrate, separating the bonded substrate stack into two substrates at the
5 porous layer to transfer the non-porous |ayer formed on the first
substrate side to the second substrate side, and renoving the porous | ayer
remai ni ng on the surface on the second substrate side, thereby
manuf acturi ng an SO substrate. 10 As the first substrate, a
single-crystal Si substrate can be used. In this case, the porous |ayer is
a porous Si . loays). sErubbéngoiguseotmder, a single- crystal Si |ayer can
be epitaxially grown as a non- porous |layer. An insulating | ayer such as an
Si2 | ayer Fig. 3F is a view schematically showing a
semiconductor substrate (SOI substrate) obtained by the
above method. The non-porous layer .(e.g., a single-
.5 crystal Si layer) 503 with a flat surface and uniform
film thickness is formed on the second substrate 505 via
the insulating layer (e.g., an Sio, layer) 504.
According to this method} a large—area_semiconductor
substrate having high quality can be manufactured.
10 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 electfonic:device;
When the bonded substrate stack shown in Fig. 3D is
15 divided at the porous Si layer 502, the first substrate
can be reused after the porous Si layer;502 remaining on
the first substrate 501 is removed, and ‘the surface is
planarized, as needed.
Specific examples of a wafer proceﬁSing apparatus
20 suitable to remove a porous layer will‘ﬁgzlisted below.
Wafer proééssing apparatuses to begdescribed below
can be used for both of the step (preprééess) of £illing
pores in the porous layer with the prepﬁ cess solution
and the step (main process) of replacing the_preproceés

25 solution with the etchanﬁ'to perform etc ng. One wafer

processing apparatus may be used for botﬁjbf the
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15 may be formed on-the single-crystal Si layer. In the enbodinent, the
porous | ayer and the non- porous |ayer are sequentially formed on the first
substrate, and this substrate is bonded to the separately prepared second
substrate to forma bonded 20 substrate stack. After the bonded substrate
stack is separated into'two substrates at the porous |ayer, the porous

| ayer remaining on the second substrate side is renoved by, e.g., wet
etching. More specifically, in this enbodinent, to renove 25 the porous

| ayer remai ning on the second substrate side after separation, pores in the
porous | ayer ap¥epro¢ess and the main process by exchanglng the

process solution. Alternatively, a wafer processing
apparatus for the preprocess and that for the main
process may be separately prepared.

5 (First Arrangement of Processing Apparatus)

Fig. 4 is a perspective view-shbwing the schematic
ar:angément of a wafer processing apparatus suitable to
remove a porous layer.

In a wafer processing apparatus 100, members which

10 may come into contact with the process sdlution are
preferably made of silica glass or a plastic in
accordance with their application purposes. As the
plastic, a f;uoroplaétic, vinyl chloride, polyethylene,
polypropylene, polyvbutylene terephthaléte (PBTf, or

15 polyether ether ketone (PEEK) can be used. As the
fluoroplastic, PVDF,‘PFA, or PTFE is suitable.

The wafer processing apparatus 100 comprises a
wafer processing tank 110, an overflow tank 120, an
ultrasonic tank 130, and a wafer rotating mechanism (111

20 to 119) for supporting wafers 140 while rotating them.

Before processing wafers, the wafer proéessing tank
110 is filied with a process solution (preprocess
solution or etchant). The overflow tank 120 for
‘temporarily sﬁoring the process sQlution overflowing

25 from the wafer prqcessing tank 110 is mounted on the

upper portion around the wafer'prdcessing tank 110 to

AR
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- 13 - with a solution which does not etch the porous material or a

sol ution whose etching rate for the porous material is low (to be referred
.to as a preprocess solution hereinafter). After the pores in the porous

| ayer are 5 sufficiently filled with the preprocess solution, the
preprocess solution is replaced with an etchant having an etching function
for the porous material. The pore walls of the porous |ayer are etched by
this etchant. According to this nmethod, the time (to be referred 10 to as
afilling time hereinafter) required to fill each pore in the porous |ayer
with the etchaitrdund Qe .dempesirduds Golediohe tehipbrenelly sbsr&@ngequently,

the Tiliing the overflow tank 120 is discharged from the bottom
portion of ﬁhe_overflow tank 120 to a circuiator 121
through a discharge pipe 12la. The .circulator 121
5 filters the discharged process solution to remove
particles and sends the process solution to the bottom
portion of the wafer processing tank 110 through a
'supply pipe 121b. With this arrangement, particles in
the wafer processing tank 110 are efficiently removed.
10 The wafer processing tank 110 preferably has a
depth with which the wafers 140 can be completely
immersed. With this arrahgement, particles in the air or
near the liquid surface can be prevented from adhering
to the wafers 140. |
15 The ultrasonic tank 130 is located under the wafer
'_proceésing tank 110. Inside the ultrasonic tank 130, an
ultrasonic source 131 is subborted by an adjustment
- mechanism 132. The adjustment mechanism 132 has, as
mechanisms for adjusting the relative positional
20 relationship between the uitraébnic source 131 and the
wafer.processing tank 110 has a mechanism, a mechanism
for adjusting the vertical position of the ultrasonic
source 131 and a mechanism for adjusting the horizontal
position. With this mechanism, the'ultﬁaéonic wave to be
25 supplied into the wafer processing tank.ilO and, more

specifically, to the wafers 140 can be optimized. The
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time for the pores can substantially be unifornmed. Hence, variations in
surface of the second substrate or 15 wvariations between substrates after
renoval of the porous |ayer can be suppressed, so a high-quality substrate
(e.g., an SO substrate) whose surface |layer has high filmthickness
uniformty can be manufactured. \When the pores in the porous |ayer are

filled wth 20 the etchant wthout filling themwth the preprocess
solution, gas in the pores in the porous layer is replaced with the
etchant, and this requires a long filling tinme. For this reason, the

filling tine jirddthiROetrceaddlypraréfsel vHhsAa FuheRSBAUBACE, Progress
of 25 etching in the pores readily varies. This variation may | ower the
yield of massadjuiicid @he frequency or strength of the generated
ultrasonic wave. With this arrangément, supply of an
ultrasonic wave can be further optimized. By imparting
5 the function of optimizing supply of an ultrasonic wave
to the Wafers 140, the ultrasonic wave can be supplied
individuélly to a variety of types of wafers. The
ultrasonic tank 130 is filled with an ultrasonic
transmission medium (e.g., water), so the ultrasonic
10 wave is transmitted to the wafer processing tank 110
through the ultrasonic transmission medium.
The wafer processing apparatus 100 has a control
section for ON/OFF-controlling the ultrasonic source
131. with this control secti-.on,' porous layer removing
15 processing can be controlled.
The wafers 140 are held to be almost perpendicular
to the bottom surface of the wafer processing tank 110
by four wafer rotary rods 111 each having grooves l1llla
engaging with the wafers 140. The wafer rotary rods 111
20 have a function of supporting the wafers 140 while
rotating them and constitute part of the wafer rotating
mechanism. Each wafer rotary rod 111 is pivotally
supported by a pair of rod support menrbé;s 118 opposite
to each other, so the wafer rotary rods 11l rotate in
25 the same direction upoﬁ receiving a driving torcue

generated by a motor 115. Each wafer r'otary rod 111
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-14- In this enbodinent, water is preferably used as the preprocess

solution. Wien water is enployed as the preprocess solution, the influence
of the preprocess solution on the etchant which replaces the preprocess 5
and degradati on of the etchant can be suppressed. Wen
the porous material is Si, not only water but also a solution having an
oxi dation function, e.g., hydrogen peroxide, nitric acid, or hydrochloric

solution is small,

acid can 10 be used. As the etchant, fluoric acid can be used.

10

15

20

25

preferably has a small diameter not'ﬁo impede
transmission of the ultrasonic waﬁe.

'The number qf wafer rotary rods 111'is.preferably
as small as possible. To ensure a desired frictionél
force with respect to the wafers 140, preferably, two

wafer rotary rods 111 for limiting movement in the

. rolling direction (X—akis direction) of the wafers 140,

and two wafer rotary rods 111 for supporting the wafers
140 from the lower side are provided. When two wafer
rotary rods 111 are disposed at an appropriate.interval i
below the wafers, the driving torque can be efficiently
transmitted to the wafers having an orientation flat. If
only one wafer rotéry rod 111 is placed below the
wafers, and the orientation flat is positioned above
this wafer rotary rod 111, the wafers cannot be rotaﬁed
by the wafer rotary rod 111. |

Nérmally, a standing wave, i.e., an ultrasonic wave
having a high-strength portion and a low-strength
portion is formed between the bottom surfacé of the
wafer processing tank 110 and the liquid surface.
However, since this wafer processing apparatus 100 can
process the. wafers 140 while rotating them,
nonuniformity in proéessing'due to the standing wave can
be reduced.

' In the wafer processing apparatus 100, the number

of members on the bottom portion of the wafer processing
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Figs. 1A to 1D are views for explaining the principle of a porous |ayer
renovi ng nethod according to a preferred enbodi nent of the present
invention. Referring to Figs. 1A to 1D, reference nuneral 201 15 denotes
an underlying substrate (second substrate); 202, a porous |ayer; and 203, a
preprocess solution; and 204, an etchant. In Fig. 1A, the pores of the .
porous | ayer 202 are filled with the preprocess solution 203 to the deepest
20 portions.. At this time, an ultrasonic wave is preferably supplied to
the object (e.g., a bonded substrate stack) to be processed. Wen an
“ul trasoni ¢ wavank s1BupRt isahundhehepeatiens Wh cis tdereacesl aseshillied with
t he preprocess solution increases. .
as possible. For this reason, the ultrasonic wave can be
efficiently and uniformly supplied to the wafers 140. In
addition, with this arrangement, since the process
5 solution can fréely flow around the wafers 140, the
wafers can be uniformly processed, and. processing
defects can be prevented.
(Second Arrangement of Wafer Processing Apparatus)
Fig. 5 is a view showing the schematic arrangement
. 10 of a wafer processing apparatus suitable to remove a
porous layer.
In a wafer proéessing apparatus 10, members which
may come into contact with the process solution are
preferably made of silica glass or a plastic in
15 accordance with their application purposes. As the
plastic, a fluoroplastic, vinyl chloride, polyethylene,
polypropylene, polybutylene terephthalate (PBT), or
polyether ether ketone (PEEK) can be used. As the
fluoroplastic, PVDF, PFA, or PTFE is suitable.
20 The wafer processing apparatus 10 comprises a wafer
processing tank 11, and a holder driving mechanism 31
for swinging a wafer holder 21 in the wafer processing
tank 11. The wafer processing apparatus 10 preferably
has an ultrasonic tank 61.

25 | Before processing wafers, the'wafér processing tank

11 is filled with a process solution (preprocess
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25 After each pore in the porous |layer 202 is filled with the
preprocess solution 203 to the deepest portion, -15 - in the step shown
in Fig. 1B, the preprocess solution 203 is replaced with the etchant 204.
In this specification, "replacenent” also includes a case wherein ions
(e.g., fluorine or hydrogen ions) in the 5 etchant (e.g., fluoric acid) 204"
diffuse in the preprocess solution (e.g., water) 203 to fill the pores with
the etchant 204. During execution of this step, an ultrasonic wave is
preferably supplied to the object to
solution or etchant). The wafer proce351ng tank 11 has a.
four-side overflow tank 12. The process solution is
supplied by a circulator 71 with a filter ffom the
bottom portion of the wafer processing tank 11 into the
5 wafer processing‘tankill. The process solution
overflowing from ﬁhe wafer processing tank 11 is stored
in the four-side overflow tank 12 and discharged from
the bottom portion of the four-side overflow tank 12 to
the circulator 71. In this wafer processing apparatus
10 10, the wafer holder 21 is swung by the holder driving
mechanism 31, and simultaneously, the process solution
is stirred. For this reason, the circulating system
including the four-side overflow tank.lzfis very useful
to maintain a constant liquid surface of the process
15 solution.
As the wafer holder 21, a commercially available
product can be uéed. The wafer holder 21 is preferably
made of éilica glass or a plastic. As the plastic, a
fluoroplastic, vinyl chloride, polyethylg@e,
20 polypropylene, polybutylene terephthalate (PBT), or
polyether ether ketone (PEEK) can be used} As the

fluoroplastic, PVDF, PFA, or PTFE is suiﬁable.

The holder driving mechanism 31 has.'a pair of

holding portions 31la for holding the waf holder 21.

25 The wafer holder 21 is held by the- palr___ holdlng

portlon 31la and dlpped in the wafer process1ng tank 11.
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be processed. By supplying the ultrasonic wave, the 10 preprocess sol ution
203 can be quickly replaced with the etchant 204. As described above, when
the pores in the porous layer 202 are filled with the preprocess sol ution
203, and then, the preprocess solution 203 is replaced with 15 the etchant
204, the pores in the porous |ayer 202 can be quickly filled with the
etchant. Consequently, an etching variation due to variation in filling
time can be suppressed. In Fig. 1C, the pores in the porous |layer 202 grow
20 by the etching function. At this tinme, preferably, supply of the

H)ﬁ r ?rsnogi ?SV":lgésE§e&t BPOEEss Pig Ldih W (RIFRmeBORET &Swé.@ﬂc-ﬁﬂ-wﬁrihl?e reason
swinging the wafer holder 21 in the wafer processing
tank 11. The holder driving mecﬁanism 31 hés a function
of conveying the wafer holder 21 storing wafers 40 thch

5 have been processed in the preceding step to the wafer
processing tank 11 or to the next step. The holder .
ariving mechanism 31 also has a function as part of the
wafer processiné apparatus 10.

In this embodiment, the holding portiqns 31la hold
10 the wafer holder 21, so the wafer 40 is indirectly held.
However, the holding portions 3la may be replaéed'withﬂ
e.g., chuck pads to directly hold the wafer 40. The
direction in which the wafer 40 is held is not limited
to the direction perpendicular to the bottom surface of
15 the wafer processing tank 11 and may be parallel to the
bottom surface. |
The ultrasonic tank 61 has an ultrasonic source 51
" and is filled with an ultrasonic tranémission medium
(e.g.. water); The ultrasonic source 51 is fixed on an
20 - adjustment mechanism 62 for adjusting the vertical .
and/or horizontal position of the ultrasonic source 51.
When the positional relatiomnship between the ultrasonic
source 51 and the wafer processing tank;il is adjusted
by the adjuétment mechanism 62, the ult#asonic wave to
25 be supplied to the wafer processing tangill and, more

specifically, to the wafer 40 can be optimized. The
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foll ows. The porous. |layer starts to break as soon as the 25 pore walls
have a predeterm ned thickness. Since the porous |ayer breaks first at
thin portions, the surface -16- 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 film filmthickness
uniformty in the surface or 5 between substrates suffers. However, when
supply of the ultrasonic wave is stopped while the pores in the porous

ultrasonic source 51 preferably has a function of
adjusting the frequency or stfength of the generated
ultrasonic wave. With this arrangement, supply of an
ultrasonic wave can be further optimized. By imparting
5 the function of optimizing suppfy of an ultrasonic wave
to the wafer 40, the ultrasonic wave can be supplied
_individually to a variety of types of wafers.
The wafer processing apparatﬁs 10 hés a control
section for ON/OFF-controlling the ultrasonic source 51.
10 with this control section, porous layer removing
processing can be controlled.
(Third Arrangement of Wafer Processing Apparatus)
Fig; 6 is a view showing the schematic arrangement
of a wafer processing apparatus suitable to remove a
15 porous layer. Figs. 7A to 7E are views shpwing operation
of the wafer processing apparatus shown in Fig. 6.
Fig. 8 is a perspective view of a swing assist member in
the wafer processing épparatus shown in Fig. 6.
The wafer processing tank 11 preferably has, on the
20 bottom surface, a swing assist member 13 for increasing
the éfficiency.of swing of the wafer 40 by the holder
driving mechanism 31. The swing assis; member 13 comes
into contact with the side surface of the wafer 40 held
by the wafer.holder 21 when the wafer holder 21 moves,
25 thereby rotating and veftically moving the wafer 40 in

" the wafer holder 21 by the frictional force. The'swing
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| ayer 202 grow, as described above, the pores do not break unless they
becone nuch thinner than in a case whéerein supply of the ultrasonic wave is

not stopped.

hori zont al
di recti on.

In 10

this case, therefore, etching can be prevented from
| ocal | y excessively progressing. Even when no ultrasonic wave is supplied
to the object to be processed, etching progresses not only in the

direction (planar direction) but also in 15. the vertical
However,

the influence on etching is negligible conpared to the

case wherein an ultrasonic wave is supplied. In Fig. 1D, the porous |ayer
202 wi th thi naBgkgr \akiiBet 513 SIBURL N0 ORreTENtRE Siktrdes0 pol i shing,

20

scrubbi ng,

10

15

20

or the water jet method can be applied to

uniformity of the processed wafer.

It

is also effective to use a driving mechanism for

vertically (Y-axis direction) and/or horizontally (X-

axis direction) moving the swing assist member 13. In

this case, the swing assist member 13 itself moves to

rotate the wafer 40 and vertically move the wafer 40 in

the wafer holder 21. Therefore, the range in which the

holder driving pechanism 31 moves the wafer holder 21

can be made small. In other words, the wafer processing

tank 11 can be made compact.

The ultrasonic tank 61 has the ultrasonic source 51

and is filled with an ultrasonic transmission medium

(e.g., water). The ultrasonic source 51 is fixed on the

adjustment mechanism 62 for adjusting the vertical

and/or horizontal position of the ultrasonic source 51.

When the positional relationship between the ultrasonic

source 51 and the wafer processing tank 11 is adjusted

by the adjustment mechanism 62, the ultrasonic wave to

be supplied to the wafer processing'tank 11 and, more

specifically, to the wafer 40 can be optimized. The

ultrasonic source 51 preferably has a function of

~adjusting the frequency or strength of the generated

25

ultrasonic wave. With this arrangement, supply of an

ultrasonic wave can be further optimized. By imparting

the function of optimizing supply of an ultrasonic wave

L

L
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this step. In-this step, the porous layer having a fragile structure upon
etching is renoved at once. Wen etching is applied to the step shown in
Fig. 1D, the steps in Figs. 1B to 1D can be executed using 25 the sane
etching tank. In this case, in the step shown in Fig. 1C, supply of the
ultrasonic wave is tenporarily -17- stopped, and processing waits until
pore walls at the deepest portion of the porous |ayer becone thin enough to
i mmedi ately break in the entire region upon resupply of an ultrasonic wave,
and then, the step in Fig. 1D is

to the wafer 40, the ultrasonic wave can be supplied
individually to a variety of types of wafers.
The.wafer processing apparatus 10 has 5 control’
section for ON/OFF—controlling the ultrasonic source 51.
5 With this control section, porous layer removing
processing can be controlled.
Figs. 7A to 7E are views for explaining a wafer
swing method. In these drawings, arrows indicate the
: moving directions of the wafer holder 21. Fig..7A shows
10 a state immediately before the wafer starts to be swung.
When the start of wafer swing operation is instructed,
the holder driving mechanism 31 presses the holding
portions 3la downward under computer control, as shown
in Fig. 7B. The side surface of the wafer 40 comes into
15 contact with the swing assist member 13 midway this
pressing. The wafef 40 is supported by the swing assist
member 13 at its lower portion.
When the swing assist member 13 comes into contact
with the wafer 40, pafticles may be produced albeit in a
20 small amount. To prevent this, the distal end portion of
the swing assist member 13 is preferably R-processed, as
shown in Fig. 8, for smooth contact with the wafer 40.
The swing assist member 13 only need to assist
swing of the wafer 40 and therefore can:have a shape not
25 to impede trénsmission-of the ultrasonié wave, e.g., a
thin plate-like shape. With this arrangement, the
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5 executed (etching while supplying the ultrasonic wave). Wth this
process, the porous |ayer -can be renoved at once, and al nost

si mul t aneousl y, the underlying substrate 201 can be exposed in the entire
region of the object to be processed. For this reason, variations in 10
etching can be reduced, and a high planarity of the underlying substrate
201 can be mai ntai ned. The above porous | ayer renoving ne thod can be
easily applied to batch processing of a nunber of substrates. More
specifically, for each of a nunber of 15 objects to be processed, after
t he pore wal l\slttadditidlesiesicapobel anitdéribhe paislised ayerthar @alflernned to

I mredi ately break in the entire region in the step shown in Fig. 1C the
step shown i 4R gand hes V@f@cruﬂ@dcan be uniformly processed.
In this wafér processing apparatus 10,-thé wafer 40
is processed while changing the relative positional
5 relationship-betweén the wafer 40 and the swing assist
member 13, i.e., the relative posifional relationship
between the wafer 40 and the wafer processing tank 11.
For this reason, slight nonuniformity of the ultrasonic
wave due to the swing assigt member 13 poses no problem.
10 When the press amount of the-wafer holder 21 is
large to some extent, the contact pressure between the
wafer 40 and the swing assist member 13 can be
increased. Hende, sliding movement between the_swing
assist member 13 and the wafer 40 is eliminated to
15 prevent.opefation_féilures. If the press amount is
small, ﬁhe gravity against the wafer 40 acts more
largely on Ehe-wafer holder 21 than on the distal end
portioﬁ of the swing assist member 13. When the swing
assist member 135having the shaﬁe of this embodimenﬁ is
20 used, the press amount is preferably set to be about 30
mm after the wafer 40 comes into contact with the swing
assist member 13. |
When the operation of pressiﬁg the wafef holder 21
is eﬁdedL the holder driving mechanism 31'moves the
25 holding portions 3la to the right (poéitive X-axis

direction) under computer control, as shown in Fig. 7C.

L IIIIIH |
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This porous | ayer renoving nmethod is preferably 20 practiced while
conpletely dipping the object to be processed in the etchant. In this case,
particles can be prevented fromsticking to the object to be processed near
the interface between the etchant. and air. According to this porous |ayer
renovi ng net hod, by 25 supplying an ultrasonic wave, etching is pronpted:
to break the porous |ayer, and particles can be efficiently -18- renoved
fromthe object to be processed. When the porous |layer is renoved while
changi ng the L _
The wafer 40 substantially horizontally moves to the
right (positive X-axis direction) in the wafer
processing tank 11 while rotating clockwise. The moving
amount of the holding portions 3la must be set within
5 the range in which the holding portions 3la do not
collide against the lower opening portion of the wafer
holder 21.
When movement of the wafer holder 21 to the right
(positive X-axis direction) is ended, the hblder driving
10 mechanism 31 moves the holding portions 3la upward under
computer control, as shown in Fig. 7D. The moving amount .
. of the holding portions 3la is preferably set within the
range in which the wafer 40 does not come close to a
liquid surface 14 of the process solution. If the wafer
15 40 comes close to the liquid surface 14, particles may
adhere to the surface of the wafer 40;
When upward movement of the wafer holder 21 is
ended, the holder driving mechanism 31 moves the holding
portions 3la to the left (negative X-axis diréction)
20 under computer control, as shown in Fig. 7E, so the
initial state is restored (Fig. 7a).
" By repeating the above operation (Fig. 7A — Fig.
7B — Fig. 7C — Fig. 7D —» Fig. 7E), the wafer 40 can be
appropriately swung and uniformly processed.

25 - According to the wafer processing apparatus 10,

since the wafer 40 is swung in the region where supply
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rel ative positional relationship between the ultrasonic source (e.g., an

ul trasonic vibrator) and the object to 5 be processed and, nore
specifically, the positional relationship between the substrate and a

st andi ng wave generated between the ultrasonic vibration surface and the
liquid surface of the etchant, processing can be uniformy performed in al
regi ons of the substrate 10 surface. To do this, ~for exanple, the
substrate is rotated, the substrate is swng, a carrier holding the
substrate is swing, or the ultrasonic source is noved. Application exanples

of the porous d@yff JIiPAERNE cTRbadivi bbt DRI £6$ Wy et elioy. the  (First
Application Exanple) The first application exanple.is associated with an
ultrasonic tank 61, the ultrasonic.wayg acting on the
wafer 40 can be optimized. | .
"~ As is known,.the standing wave;oﬁfan ultrasonic
5 wave has antinodes and nodes at a predétermined
interval. Therefore, it is difficult'ﬁé'uniform the
ultrasonic wave in the wafer processing tank 11.
However, in this wafer processing'apparatus 10,
processing for the wafer 40 can be uniférmed

10 independently of the nonuniform strength'distribution of
the ultrasonic wave because the holder_driving mechanism
31 swings the wafer 40. Even when the wafer 40 is simply
moved only in the horizontal direction, vertical
direction, or. oblique direction, processing for the

15 -wafer 40 can be uniformed. Wheﬁ_the wafer 40 is also
swung in the axial direction (Zz-axis direction),
nonuniformity in processing between wafers due to the -
high;strength portion of the uItrasonip wave in the
horizbntal plane can also be corrected.

20 Since the wafer processing appératgs 10 has the
swing assist member 13, the swing aﬁounﬁ of the wafer .40
can be efficiently increased. The fixeé position of the
swing assist member 13 is not limited gé the bottom
portion of the wafer processing tank 1;; As far as the

25 swing assist_member 13 can contact all§@afers 40 in the

wafer holder 21, the swing assist membé; 13 may be fixed

jLE
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object fabrication nethod. Figs. 2A to 2C are views showi ng the fabrication
nmet hod of this application exanple. In Fig. 2A, an Si substrate 401 locally
having 20 porous Si portions 402 is prepared. The Si substrate 401 is
obtained by, e.g., formng aresist filmon the Si substrate, patterning
the resist filmby Ilithography, and anodizing the-resultant structure. In
pl ace of the resist film a patterned Si3N4 filmor wax may be 25

enpl oyed. As this wax, wax having fluoric acid resistance, e.g., Apizoen
wax (trade nane) can be used. -19 -

on the inner wall of the wafer proéessing tank 11 or on
the holder driving mechanism 31 (in this case, a
ﬁechanism for changing the relative positioﬁal
relationship between the holding portions 3l1la and the

5 swing assist member 13 is required).

In addition, according to the wafer processing
apparatus 10, since no driving mechanism is present.in
the wafer processing tank 11, particles are not produced
due to operation ofﬁthe driving mechanism.

10 (Fourth Arrangement of Wafer Procéssing Apparatus)

Fig. 9 is a view showing the schematic arrangement
of a wafer processing épparatus suitable to remove a
porous layer.

In a wafer processing appara;us 300, the wafer 40

15 is held almost parallel to the bottom surface of the
wafer processing-tahk 11 (i.e., almost parallel to the
vibration plane of the ultrasonic wave) and completely
dipped in the process solution (preprocess solution or
etchant) in the wafer processing taﬁk 11, and in this

20 state, swung by a wafer moving mechanism 80, thereby
uniformly processing the wafer 40 and prevent
contamination by particles.

The wafer moving mechanism 80 holds ﬁhe wafer 40
with an arm 81 and swings the wafer 40 in the wafer

25 processing tank 11. The wafér 40 is preferably swung in

a direction crossing the vibration plane of the
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In Fig. 2C, the porous Si portion 402 is renoved. Mre specifically, the
substrate shown in Fig. 2B is set in a processing tank filled with the

preprocess solution (e.g., pure water) to fill pores in the porous Si 5
.portion 402 with the preprocess solution. At this tine, to shorten the
filling time, an ultrasonic wave is preferably supplied to the substrate.

Subsequently, the substrate in which the pores in the porous Si portion 402
are filled with the preprocess 10 solution is set in an etching tank
filled wwth an etchant (e.g., fluoric acid). The preprocess solution in the

pores in the ROEPHSoRicPREYEOM 402 i1 ol IeedivhihaiRéceishpnind etch the
pore walls in the porous Si portion 402. To accelerate etching, an
ul trasoni c wagérection parallel to the vibration plane (i.e., in the
horizontal direction).
In this wafer processing apparatus 300 as well,
5 preferably, the wafer 40 completely.dipped in the
- process solution is processed. In this case, particles
can be prevented from adhering to the wafer 40 near the
interface between the proceés solution and gas.
According to the wafer processing apparatus 300,
10 the wafer 40 can be uniformly processed by swinging the
wafer 40 in the wafer processing tank 11.
(Fifth Afrangemenﬁ of Wafer Processing Apparatus)
Fig. 10 is a view showing the schematic arrangement
of a wafer processing apparatus suitable to remove a
15 porous layer. In the wafef p¥9cessing apparatuses of the
second to fourﬁh arrangeméhts, wafers are processed
while being swung. In a wafer processing apparatus 500
of the fifth arrangement, the speed of flow of the
proéess solution (preprocess solution or etchant) is
20 increased instead of swinging wafers.
In the wafer processing apparatus 500, a support
portion 73 for supporting the wafer holder 21 is placed
at the lower portion of the wafer processing tank 11.
The process solution supplied from the circulator 71
25 . spouts from spout ports 72 under the sﬁéport portion 73
at a high speed. The support portion 75ihas a plurality
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15 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
t he etchant. 20 In this etching process, the pore walls in the
porous Si portions 402 gradually thin. The color of porous Si portions 402
al so gradual |y becones |ighter when viewed fromthe surface (|l ower side of
the drawing). Wen the pore walls have sufficiently thinned, 25 an
under | yi ng non-porous |ayer (pattern) 403 can be seen through the porous S
portions 402. of opening portions. The process solution spouted from

the spout ports.72 moves upward throuéh the opening
portions. - .
When the process solution is circulated at a high
5 speed, the wafer 40 can be uniformly pfocessed.

It is also effective to assemble ﬁhe above-
described circulating mechanism (71 to 73) in the wafer
processing apparatus 10 shown in Fig. 5.

(Sixth Arrangement of Wafer Proceséing Apparatus)

10 In the above—déscribed wafer processing
apparatﬁées, supply and nonsupply of the ultrasonic wave
to the wafer proéessing tank are switched by controlling
the ultrasonic source. Instead, a mechanism for
shieldinglthe ultrasonic wave as needed.may be inserted

15 Dbetween the ultrasonic source.and the wafer.

A mbéification of the wafer processing apparatus
shown in Fig. 5 or 6 will be described. Figs. 11A and
11B show a modification of the wafer processing
apparatus shown in Fig. 5 or 6. 'In Figs. 11A and 11B,

20 the overflow tank and the circulator are omitted.

Tﬁe wafer processing apparatus'of this modification
has shutters 91 and 92 for shielding thé ultrasonic
wave; as needed, between the ultfasonigﬁgource 51 and

. the bottom surface .of the wafer processihg tank 11. To

25 ~ transmit the ultrasonic wave to the waﬁgi processing

tank 11, the shutters 91 and 92 are ope@ed by a driving
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REPLACEMENT SHEET -20- In this state, the remaining porous Si portions are
renoved. To renove the porous Si portions, for exanple, 1) etching is
performed while resupplying the ultrasonic wave, or 2) etching is perforned
using an etchant with 5 high Si etching rate. To |l eave a hard structure,
the porous Si portions may be renoved by a jet of water. Wen the entire S
substrate 401 is nade of porous Si, only the non-porous |ayer fornmed on the
substrate 10 can be left. |In addition, when the non-porous |ayer 403 is
patterned, as described above, various structures

section (not shown), as shown in Fig. 11A. To shield the
ultrasonic wave to the.wafer processing tank 11, the
shutters 91 and 92 are closed by the driving;séction
(not shown), as shown in Fig. 11B. As the material of
5 the shutters 91 and 92, a material which hardly.
transmits the ultrasonic wave, e.g., PFA or PTFE is
suitable. |
(Seventh Arrangement of Wafer Processing Apparatus)
Figs. 12A to 12C are views showing the schematic
10 arrangement of a wafer processing apparatus suitable to
remove a porous layer. Fig. 12A is.a front view, Fig.
12B is a side view, and Fig. 1C is a plan view.
In a wafer prodessing apparaﬁus 700, a jet of fluid
(e.g., water) 701 is sprayed from thg spray nozzle 700,
15 and the porous layer of the wafer 40 is removed by the
sprayed fluid. |
In the e#ample shown in Figs. 12A to 12C, the spray
nozzle 700 is scanned in the Z-axis direction while
spraying the fluid 701 from the spray nozzle 700
20 perpendicularly to the wafér 40, thereby removing a
_porous layer 40a on the entire surface.
(Eighth Arrangement of Wafer Processing Apparatus)
Fig. 13 is a view showing the schematic arrangement
of a wafer processing appardtus suitable to remove a
25‘ . porous layer. This wafer processing apparatus- comprises

a wafer processing apparatus 100a for preprocess, a

}
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including a cantilever shown in Fig. 2C can be formed. (Second Application
Exanpl e) The second application exanple is associated with a 15

sem conduct or substrate manufacturing nmethod. ‘Figs. 3A to 3F show the

sem conduct or substrate manufacturing nethod of this application exanple.
In Fig. 3A a first single-crystal Si substrate 501 is prepared, and a
porous Si | ayer 502 is fornmed on one surface of the 20 first
single-crystal Si substrate 501. In Fig. 3B, at |east one non-porous |ayer
503 is forned on the porous Si |ayer 502. As the non-porous |ayer 503, a

si ngl e- cryst ajafiér | Py®iessimplappayatakl 108bSfort ayein pRIDRIBY, Plagds aSi
.layer, a netal |ayer, a conpound 25 sem conductor |ayer, or a
super conduct orcomyeyance mechanism 800 for conveying a substrate to be
processed. For example, the wafer processiﬁg apparatus
100 shown in Fig. 4 can be applied to the wafer
5 processing apparatus 100a for preprocess and the wafer
processing apparatus 100b for main process.
The conveyance mechanism 800 has a conveyor robot
802 horizontally movable along a horizontal shaft 804
and vertically movable algng a vertical shaft 803. The
10 conveyor robot 802 has a plurality of substrate holding
mechanisms 801 each having a chuck portion for chucking
and holding the lower surface of a substrate to be
processed.
In this wafer processing apparatué, first a
15 substrate to be processed (a substrate having a pordus
laYer on thé surface) is conveyed to the wafer
processing apparatus 100a for prepfocess by qhe
-conveyanée mechanism 800 and set in the wafer processing
tank. The preprocess is executed in the wafer processing
20 apparatus 100a.
The preproceséed substrate is-conveyed to the wafer
" processing apparatus 100b for main process by the
conveyance mechanism 800 and set in the wafer processing
tank. The main process is exécuted in the wafer
25 processing apparatus 100b.

The substrate which has undergone the main process
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suitable. As the non-porous |ayer 503, a |ayer including a device
structure such ass a MOSFET may be fornmed. An SiQ2 | ayer - 504 is preferably
formed on the surface layer, thus conpleting the first substrate. This
Si2 | ayer 504 is useful because when the first substrate is bonded to 5 a
second substrate 505, the interface states of the bonding interface can be
separated fromthe active |ayer. Subsequently, as shown in Fig. 3D, the
separately prepared second substrate 505 is brought into contact 10 with
the first substrate shown in Fig. 3C at room

is extracted from the wafer processing apparatus 100b by
the conveyance mechanism 800 and stored in, e.g., a |
wafer cassette.

According to this wafer processing apparatus,

5 porous layer removing processing including the
preprocess and méin process can be automatically
executed.

Examples to whiéh the above porous layer removing
method will be described below.

10 (Example 1)

A film of a material having a HF resistance was
formed on the surface of a single-crystal Si substrate
and patﬁerned to form a mask pattern having an opening.
The single-crystal Si substrate exposea in the opening-

15 portion was anodized in an HF solution to form a porous
layer. With this process, a 50-um thick porous layer was
formed on the single-crystal Si substrate. Subsequently,
the mask pattern was removed. Instead of forming a mask
pattern on the single~crystal Si substrate, the single-

20 crystal Si substrate may be set in.a holder with which
the HF solution can contact only a region where the
porous layer is té be formed, and subjected go
anodizing.

The resultant substraté was set in the wafer

25 processing apparatus 100 for preprobess shown in Fig. 4:
The wafer processing tank 110 6f the ﬁafer processing
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tenperature via the Sierr] layer 504. After this, anode bondi ng,

pressing, a heat treatnent as needed, or a conbination thereof is perforned
to firmy bond the substrates. 15 When a single-crystal Si layer is
formed as the non-porous |ayer 503, the first substrate is preferably
bonded to the second substrate 505 after the SiJerr] layer 504 is forned
on thé surface of the single-crystal Si |ayer by, e.g., thermal oxidation.
20 As the second substrate 505, .an Si substrate, a substrate
obtained by formng an SiJerr] |layer on an Si substrate, a transparent

substrate conappairacuef160 | fen Waiocess GHar EZ1Ded awbapphidelvtiiai rate is
suitable. Any other substrate can be used as far as the second
(preprocess solution) containing an alcohol in advance.
In the wafer processing apparatus 100 for preprocess,
the substrate was rotated for about. 2 hrs, and at the
5 same‘time, an ultrasonic wave near 1 MHz was applied to
fill pores in the porous Si layer with the solution
containing alcohol (preprocess).
The preprocessed substrate was set in the
processing apparatus 100 for main process shown in
10 Fig. 4. The wafer processing tank 110 éf the processing
apparatus 100 for main process was filled with a mixed
solution (etchant) of fiuoric acid, hydrogen peroxide,
and pure water in advance. In the. processing apparatus
100 for main process, the substrate was-roﬁated fér
15 about 0.5 hrs, and at the same time, an ultrasonic wave
near 0f25 MHz was applied to £ill pores in the porous Si
layer ﬁith the etchant.
The operation of the ultrasonic source 131 was
stopped, and the-substrate was left to stand-in the
20 wafer processing tank 110 for about 1 hr. With this
process, the pore walls of the'porbus Si-layer thinned.
Subsequently, the porous Si layer Was.completely
removed using fhe apparatus shown in FiQéi 122 to 12C.
As a result, a structure having a 50-umziéep recessed
25 portion on the substrate surface was fofﬁ%d. The porous

Si layer could be combletely removed even;when the
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25 substrate 505 has a sufficiently flat surface to be bonded. -22- Fig.
3D shows a state wherein the first substrate and the second substrate are
bonded via the SiQ2 |ayer 504. If the non-porous |ayer 503 or the second
substrate does not consist of Si, the SiQ2 |ayer 504 need not be 5 forned.
I n bonding, an insulating thin plate may be |nserted bet ween the first
substrate and the second substrate.

operation of the ultrasonic source 131 was stopped, and
then, the substrate was ieft to stand in the wafer
processing tank 110 for about 2 hrs, instead of using
the apparatus shown in Figs. 12A to.12C.

5 The same structure as described above could be
formed using the apparatus shown in FiQ. 5, 6, or 9.
(Example 2)

A film of a material having a HF resistance was
formed on the surface of a single-crystal Si substrate
10 and patterned to form a mask pattern having an -opening.
The single-crystal Si substrate exposed in the-épening '
portion was anodized in an HF solution to form a porous
layer reaching the lower surface. Then, the mask pattern
_was removed. Instead of forming a mask pattern on the
15 single-crystal Si substrate, the single-crystal Si
substrate may be set in a holder with which the HF
solution can contact only the region where the porous -
layer is to be formed, and subjected to.anodizing;
Subsequently, a single-crystal Si-;ayer having a
20 thickness of 1 um was formed on the sﬁfface of the
substrate as a resultant structure by gpitaxial growth.
The resultant substrate was set iﬁithe wafer
processing apparatus 100 for preprocess;shown in Fig. 4.
The wafer processing tank 110 of the wafer processing
25 apparatus 100 for breprocess was filled?with a solution
(prepioceés solution) containing hydrbgén peroxide in
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In Fig. 3E, the first Si substrate 501 is renoved 10 fromthe second
substrate side at the porous Si |ayer 502. To renove the first substrate,
the first substrate side is discarded by grinding, polishing, or etching,
or the bonded substrate stack is separated into the first substrate side
and the -second substrate at the porous Si 15 layer 502. In Fig. 3F, the
porous Si layer 502 remaining on the surface on the second substrate side
is renoved. Mre specifically, the second substrate side shown in Fig. 3E
is set in a processing tank filled with the 20 preprocess solution to fil

pores in the paawiticedd Ity heSWAf ok (PrddesdimpPappazatasl B000BorAl "this
time, to shorten the filling tinme, an ultrasonic wave is
preprocess, the substrate was rotated for about 6 hrs,
and at the same time, an ultrasonic wave neér 0.25 MHz
was applied to fill pores in the porous Si layer with
5 the preprocess solution (preprocess).

The preprocessed substrate was set in the
processing apparatus 100 - for main process shown in
Fig. 4. The wafer processing tank 110 of the processing
apparatus 100 for main process was filled With a mixed

10 solution (etchanti of fluoric acid, hydrogen peroxide,
and pure water in advance. In the processing apparatus
100 for méin process, the substrate was rotated for
about 2 hrs, and at the same time, an ultrasonic wave
near 0.25 MHz was applied to f£ill pores in the porous Si
15 ° layer with the etchant.

Application of the ultrasonic wave was stopped,'and
the substrate was left to stand in the wafer processing
tank 110 for about 2 hrs. With this process, the pore

.walls of the porous Si layer thinned.
20 : The ultrasonic source 131 was operated again for
about'5 min to completely remove the porous Si layer.
The porous Si layer could be cémpletelyiremoved even
when.the operation of the ultrasopié éource 131 was
stopped, and then, the substrate was left to stand in
25 the wafer processing tank 110 for about}4'hrs, instead

of operating the ultrasonic source 131 again.
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preferably supplied to the substrate. As the prepro

pure water

acid, or

hydrochl ori ¢ acid having an oxidation function can be
used. Subsequently,

but also a solution 25 containing hydro

502 are filled with the preprocess solution is set

filled with an 5 etchant.

porous S

10

15

20

25

cess solution, -not only
gen peroxide, nitric

-23-
the substrate in which the pores in the porous S

in an etching tank
The preprocess solution itn the pores in the
| ayer 502 is replaced with the etchant to etch

With the above process, a singleacrystal Si

membrane including the ep1tax1a1 layer (s1ngle crystal

Si layer) formed on the porous si layer was formed. The

epitaxial layer had an almost uniform th;ckness on the

entire surface.

A cantilever structure of single-crystal Si may be

formed, as shown in Fig. 2C, by partially removing the

epitaxial layer (single-crystal Si layer) in advance.

The same result as described above could be

obtained by the apparatus shown in Fig. 5, 6, or 9.

{Example 3)

A first single-crystal Si substrate was prepared.

The surface layer was anodized in a HF solution.to form

a porous Si layer.

follows.

Current density: 7 (mA/cm?)

The anodizing conditions were as

Anodizing solution: HF : HO : CHOH =1 : 1 : 1

Time:

11 (min)

Thickness of porous 8i layer: 12

(um)

This substrate was then oxidized - 1n an oxygen

atmosphere at 400°C for 1 hr. Upon th;
inner wall of each pore of the porous s
covered with a thermal oxide film.

layer having a thickness of 0.30 i waé

;Qxldatlon, the

layer was

A single-crystal Si

vitaxially

grown on the porous Si layer by CVD (Ch_ ical Vapor

Deposition).

The growing conditions ar

- 47 -

s follows.
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the pore walls in the porous Si layer 502. To accel erate etching, 'an
ultrasonic wave is preferably supplied to the substrate. On the other hand,
to suppress variations 10 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, fluoric acid can be used. In
this etching process, the porewalls in the 15 porous Si |ayer 502
gradually thin. The color of porous Si |ayer 502 al so gradually becones

| i ghter when viewed fromthe surface. Wien the pore walls have sufficiently
thi nned, the underlgguigengasporous | ayein(@l gH, a single-crystal Si layer)
503 can be seen through the 20 porous Si |ayer 502.

Gas flow rate: 0.5/180 (1/min)
Gas pressure: 80 (Torr)
Temperature: - 950 (°C)

5 Growth rate: 0.3 (um/min)

Subsequently, an Si0O, layer having a thickness of
200 nm was formed on the epitaxial Si layer by thermal
oxidation.
The surface of the SiO, leyer'of the first substrate
10 was bonded to the surface of a separately prepared Si
substrate (second substrate). |
The first substrate side was removed by grinding,
polishing, or etching to expese the porous Si layer in
the entire reégion on the second substrate.
15 The second substrate was set in the wafer
processing apparatus 100 for preprocess shown in Fig. 4.
The wafer proeessing tank 110 of the wafer processing |
epparatus 100 for preprocess was filled with a solution
(preprocess solution) containing hydrogen peroxide in
20 advance. In the wafer processing apparatus 100 for
preprocess, the substrate was rotated for 2 hrs, and at
the same time, an ultrasonic wave near 0.25 MHz was
applied td £ill peres in the porous Si layer with the
preprocess solution (preprocess). ;j N
25 ' The preprocessed substrate was set 1n the wafer
processing apparatus 100 for main process shown in
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In this state, the remaining porous Si |ayer 502 is renoved. To renove the
porous Si |ayer, for exanple, 1) etching is perforned while resupplying an
ultrasonic wave, 2) etching is performed using an etchant with high 25 S
etching rate, 3) the porous Si layer 502 is renoved by a water jet, 4) the
porous Si |ayer-502 is polished, -24- or 5) .scrubbing is perforned. Fig.
3F is a view schematically show ng a sem conductor” substrate (SO
substrate) obtained by the above nmethod. The non- porous | ayer (e.g., a
si ngl e- :

Fig. 4. The wafer processing tank 110 of the processing

apparatus 100 for main process was fllled w1th a mixed _
solution (etchant) of fluoric acid, hydrogen peroxide,
and pure water in advance. In the processing apparatus
5 100 for main process, the substrate was rotated for
about 0.5 hrs, and at ﬁhe samé time, an qltrasonic wave
near 0.25 MHz was applied to fill pores'in the porous Si
layer with the etchant.
The operation of the ultrasonic source 131 was
10 stopped, and the subétrate was left to stand in the
wafer processing tank 110 for about 1 hr. With this
process, the pore walls of the porous Si layer thinned.
The ultrasonic source 131 was operated again for
about 5 min to cbmpletely remove the porous Si layer} At
15 this time, when the etchant is appropriately circulated,
as shown in Fig. 10, surface uniformity of the processed
substrate increases.
One wafer processing épparatus may be used for both
the preprocess and the main process. In this casé, the
20 etchant can be prepared by adding fluofic acid to the
preprocess solution containing hydrogen peroxide.
When pores in the porous Si layer are filled with-

the preprocess solution such as a solution centaining

hydrogen peroxide to oxide-the pore wa;js prior to the

25 main process (etching), thé'péres in ti ‘porous Si layer

can be easily filled with,ﬁhe:etchant containing fluoric
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5 crystal Si layer) 503 with a flat surface and uniformfil mthickness is
formed on the second substrate 505 via the insulating |ayer (e.g., an
Sio[err] layer) 504. According to this nethod, a |arge-area sen conductor
substrate having high quality can be manufactured. 10 ~ Wien an
insul ating substrate is enployed as the second substrate 505, the
sem conduct or substrate obtained by the above manufacturing nethod is very
useful to forman insulated el ectronic device. Wen the bonded substrate
stack shown in Fig. 3Dis 15 divided at the porous Si |ayer 502, the first
substrate can aeideudis reprotkbespeobuti& nyde 0 Bolamibni hgvingt he
first substrate 501 is renoved, and the surface is planarized, as needed.
. no oxidation function.
The etchant filling time is shortened even by
applying an ultrasonic wave, rotating the substrate, or
5 circulating the process solution.
As described above, after the pores in the porous
Si layer are filled with the preprocess solution, an
ultrasonic wave is applied to the etchant while
circulating the etchant, and also, the preprocess
10 solution is replaced with the etchant while rotating the
substrate. With this operation, pores in the porous
layer of the substrate can be cuickly filled with the
etchant. Subsequently, application of the ultrasonic
wave is stopped, and the substrate is left to stand for
15 an appropriate time. With this process, for each of all
substrates, the pore walls in the poroﬁs Si layer can be
sufficiently thinned in the entire'region on the
surface. By applying the ultrasonic wave again in this
state, the remaining porous Si layer can be removed at
20 once uniformly on the entire region of each substrate.
The same result as described above could be
obtained by the apparatus shown in Fig. 5, 6, or 9.
Even when one of the following methods is employed’
instead of the method of applying an ultrasonlc wave .

25 again after appllcatlon of the ultrasonlc wave is

stopped the remaining porous Si layer can be removed
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Specific exanples of a wafer processing apparatus 20 suitable to renove a
porous |ayer will be listed bel ow Wafer processing apparatuses to be
descri bed bel ow can be used for both of the step (preprocess) of filling
pores in the porous |ayer wi-th the preprocess solution and the step (min
process) of replacing the preprocess 25 solution with the etchant to
performetching. One wafer processing apparatus may be used for both of

t he -25- preprocess and the main process by exchanging the process
solution. Alternatively, a wafer processing

with high quality.
(1) The resultant structure is dipped in a mixed
solution of fluoric acid, hyd;ogen peroxide; and pure
water for about 5 sec to remove the porous layer.

5 (2) The porous Si layer is removed by polishing.
(3) The porous Si layer is removed by scrubbing.
(4) Tﬁe porous Si iayer is removed by scanning the
substrate while spraying a water jet at a pressure of,
e.g., 1,000 kg/enﬁ.

10 In ;he step of removing the porous Si layer; the
single-crystal Si layer functioﬁed as an etch stqp
layer, so the porous Si layer was selectively etched and
completely removed.

The etching rate of the non-porous Si single

15 crystal for the above etchant is very low. The
selectivity ratio of the etching rate of the.non—porous
S8i single crystal to that of the porous layer is 10° or
hore. The etching amount of the non-porous layer (about |
several ten A) is allowable for practical use.

20 With the aboﬁe proeess, an SOI substrate having a
0.2-um thick single-crystal Si layer on the Si oxide
film Was formed. The thickness of the resultant single-.
crystal Si layer was meesured at 100 points on the
entire surface. The thlckness was 201 nm + 4 nm.

25 : The resultant structure was subjected to a heat

treatment in hydrogen at 1,100°C for 1 hr, and the

This Sheet Has Been. RTilace

TR




apparatus for the preprocess and that for the main process may be
separately prepared. 5 (First Arrangement of Processing Apparatus) Fig. 4
is a perspective view showing the schematic arrangement of a wafer
processing apparat us suitable to renove a porous layer. In a wafer
processi ng apparatus 100, nmenbers which 10 may cone into contact with the
process solution are preferably made of silica.glass or a plastic in
accordance with their "application purposes. As the plastic, a :
fluoroplastic, vinyl chloride, polyethylene, polypropylene, polybutylene

t er epht hal at e dBFHce Gfoubfhne@ Wakhevathiesd ket e BEGIKRicc@#brbe used. As

t he quoropIastlc PVDF, PFA, or PTFE is suitable.
microscope. The mean sguare roughness in a S—um square
area was about 0.2 nm. This nearly equals that of a
commercially available Si wafer. |
5 Section observation with a transmission electron
microscope revealed that no new crystalldefects were
formed in the single-crystal Si layer, and satisfactory
crystallinity was maintained.
The same result as described above was obtained
10 even when the oxide film (SiO,) was formed not on the
surface of the epitaxial layer but on the surface of the
second substrate or on both these surfacesi
A satisfactory result was obtained even when a
transparent substrate of silica glass or the .like was
15 used as the second substrate. In this case, however,
since a slip may be formed in the single-crystal Si
layer due to some difference in thermal expansion
coefficient between silica glass and the single-crystal
Si layer, the temperature of the heat treatment in
20 hydrogen was decréased from 1,100°C to i,OOO°C or iess.
(Exanmple 4)
A second substrate was-subjected t§ two-step
anodizing in an HF solution to form two porous layers.
The anodizing conditions were as follo@é,
25 <Anodizing of First Step> - )

Current density: 7 (mA/cm?)
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The wafer processing apparatus 100 conprises a wafer processing tank 110,
an overflow tank 120, an ultrasonic tank 130, and a wafer rotating

mechani sm (111 20 to 119) for supporting wafers

140 while rotating them

Bef ore processing wafers, the wafer processing tank 110 is filled with a

process solution (preprocess solution or etchant).

The overfl ow tank 120

for tenporarily storing the process solution overflow ng 25 fromthe wafer

processing tank 110 is nounted on the upper porti
processing tank 110 to - 26-
Anodizing solution: HF : H,0

Time: _ 5 (min)

on around the wafer

: CGHOH =1 : 1 : 1

Thickness of porous Si layer: 5.5 (um)

<Anodizing of Second Step>
5 Current density: 30.(mA/cn3)
.Anodizing solution: HF : HO :
Time: _ 110 (sec)
Thickness of porous Si layer: 3
Subsequently, this substrate wa

10 oxygen atmosphere at 400°C for 1 hr.

CHOH =1 : 1 : 1

(pm)
s oxidized in an

Upon this

oxidation, the inner wall of each pore of the porous Si

layer was covered with a thermal oxide film. A single-

crystal Si layer having a thickness of 0.15 um was

epitaxially grown on the porous Si layer by CVD

15 (Chemical Vapor Deposition). The growing conditions were

as follows.

Source gas: _ SiH2C12/H2
Gas flow rate: 0.5/180 (1/min)
Gas pressure: 80 (Torr)
20 Temperature: 950 (°C)
Growth rate: 0.3 (um/mln)

.After that, an Si0, layer having a thlckness of 100

nm was formed on the epitaxial Si layer by thermal

oxidation.

25 The surface of the SioO, layér Qf_thégfirst substrate

was bonded to the surface of a séﬁérately prepared Si

- B3 -
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surround it. The process solution tenporarily stored in the overflow tank
120 is discharged fromthe bottom portion of the overflow tank 120 to a
circulator 121 through a discharge pipe 121a. The circulator 121 5 filters
t he di scharged process solution to renove particles and sends the process. -
solution'to the bottom portion of the wafer processing tank 110 through a.
supply pipe 121b. Wth this arrangenent, particles in the wafer processing
tank 110 are efficiently renoved. 10 . The wafer processing tank 110
preferably has a depth with which the wafers 140 can be conpletely
I mersed. Wt hsubssratealgecend , sylsstiratdeds in the air or near the liquid
surface can be prevented from adhering to the wafers 140.
The bonded substrate stack was lelded into two
substrates by the porous Si layer formed at a current
density of 30 mA/cm® (anodizing of second step) to expose
5 the porous Si layer on the entire surface on the second
substrate side. To divide the bonded substrate stack,
the substrates are mechanically pulled, twisted, or
pressed, a wedge is driven into the bonded substrate
stack, the bonded substrate stack is oxidized from the
10 end face to peel the substrates, thermal stress is used,
an ultrasonic wave is applied, or a water jet is
injected into the bonded substrate stack.
The resultant substrate structure was set in the
wafer processing apparatus 100 for preprocess shown'in
15 Fig. 4. The wafer processing tank 110 of the wafer
processing apparatus 100 for preprocess was filled with
a solution (preprocess solution) containing hydrogen
peroxide in advance. In the wafer processing apparatus
100 for preprocess, the substrate was rotated for
20 approximately 2 hrs, and at the same time, an ultrasonic
wave near 0.25 MHz was applied to fill pores in the
porous Si layer with the preprocess SQIution
(preprocess) .
The preprocesséd substrate was set in the wafer
25 processing apparatus 100 for main process shown in
Fig.:4. The wafer processing tank 110 of the wafer
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15 The ultrasonic tank 130 is | ocated under the wafer processing
tank 110. Inside the ultrasonic tank 130, an ultrasonic source 131 is
supported by an adjustnment nechani sm 132. The adjustnment mechani sm 132 has,
as nechanisns for adjusting the relative positional 20 relationship between
the ultrasonic source 131 and the wafer processing tank 110 has a
mechani sm a nmechani sm for adjusting the vertical position of the
ultrasonic source 131 and a nmechani sm for adjusting the horizontal

position. Wth this mechanism the ultrasonic wave to be 25 supplied into

t he waf er propessesgihgnbppabatums, 10Mriors pednf preteys vasthklled ers 140 can
be optim zed. The :

with a mixed solution (etchant) of fluoric acid,
hydrogen peroxide, and pure water in advancé. In the
processing apparatus 100 for main process, the substrate

5 was rotated for about 0.5 hrs, and at the same time, an
ultrasonic wave near 0.25 MHz was applied to fill pores
in the porous Si layer with the etchant.

Application of the ultrasonic wave was stopped; and
the éubstrate was left to stand in the wafer processing

10 tank 110 for about 1 hr. With this procéss; the pore
walls of the porous Si layer thinned.

The ultrasonic source 131 was operated again for
about 5 min to completely remove ﬁhe porous Si layer. At
this time, when the etchant is appropriately circulated,

15 as shown in Fig. 10, surface uniformity of the processed
substréte improves.

One wafer processing apparatus may be used for both
the preprocess and the main process. In this case, the
etchant can be prepared by adding fluoric acid to the

20 preprocess solution containinglhydrogen peroxide.

When pores in the porous Si layer are filled with
the preprocess solution such as a solution containing
hydrogen peroxide to oxidize the pore walls prior to the
main process (etching), the pores in the porous Si layer

25 can be easily filled with the etchant containing fluoric
acid., The preprocess solution may be a solution having

- 55 - This Sheet Has Been Rerlaced

T




-27 - ultrasonic source 131 preferably has a function of adjusting the
frequency or strength of the generated ultrasonic wave. Wth this
arrangenent, supply of an ultrasonic wave can be further optimzed. By
i nparting 5 the function of optimzing supply of an ultrasonic wave to the
waf ers 140, the ultrasonic wave can be supplied individually to a variety
of types of wafers. The ultrasonic tank 130 is filled with an ultrasonic
transm ssion nedium (e.g., water), so the ultrasonic 10 wave is
transmtted to the wafer processing tank 110 through the ultrasonic
transm ssi on medioidathenwstettpowecessi ng apparatus 100 has a contro

The etchant filling time is shortened even by
applving an ultrasonic wave, rotating the sﬁbstrate, or
circulating the process solution.

5 As described:above, after the pores in the porous
Si layer are filled with the preprocéss‘solution, an
ultrasonic wave is applied to the etchant while
circulating the etchant, and also, the preprocess
solution is replaced with the etchant while rotating the

10 substrate. With this operation, pores in the porous
layer of the substrate can be quickly filled with the
etchant. Subsegquently, application of the ultrasohic
wave is stopped, and the substrate is left to stand for
an appropriate time. With this process, for each of all

15 substrates, the pore walls in the porous Si léyer can be
sufficiently thinned in the entire region on the
surface. By applying the ultrasonic wave again in this
staté, the remaining porous Si layer can be removed at
once uniformly on the entire region of each substrate.

20 The same result as described above could be
obtained by the apparatus shown in Fig. 5, 6, or 9.

Even when one of the following methods is employed
insﬁead of the method of applying ah ultrasonic wave
after application of the ultfasonic-wave-is stopped, the

25 remaining porous Si layer can be removedfwith high
qﬁality. |
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section for OV OFF-controlling the ultrasonic source 131. Wth this control
section, porous |ayer renoving 15 processing can be controlled. The wafers
140 are held to be al nost perpendicular to the bottom surface of the wafer
processing tank 110 by four wafer rotary rods 111 each having grooves 1lla
engaging with the wafers 140. The wafer rotary rods 111 20 have a function
of supporting the wafers 140 while rotating them and constitute part of the
waf er rotating mechanism Each wafer rotary rod 111 i's pivotally supported
by a pair of rod support nenbers 118 opposite to each other, so'the wafer
rotary rods 111L)r orhterésuPbant hetraturd iecdippedpim atamie'te& ng a driving
torque generated by a notor 119. Each wafer rotary rod 111
solution of fluoric acid, hydrogen peroxide, and pure
water for about 5 sec to remove the porous layer.
(2) The porous Si layer is removed by.polishing.
5 {3) The porous Si layer is removed by scrubbing.
(4) The porous Si layer is removed byiScanning the
substrate while spraying a water jet at a pressure of,
e.g., 1,000 kg/cm®.
In the step of rembving the porous_si laver, the
10 single-crystal Si layer functioned as an etch stop
layer, so the porous Si layer was selectively etched and
completely removed.
The etching'rate of the non-porous Si single
crystal for the above etchant is very low. The
15 selectivity ratio of the etching rate of the non-porous
Si single crystal to that of the porous layer is 10° or
more. The etching amount of the non—porous layer (about
several ten A) is allowable for practical use.
With the above process, an SOI substrate having a
20 0.2-pm thick single-crystal Si layer on the Si oxide
£ilm was formed. The thickness of the resultant single-
crystal Si layer was measured at 100 po;gts on the
entire surface. The thickness was 101 nﬁ;i 3 nm.
The resultant structure was subjectéd to a heat

25 treatment in hydrogen at 1,100°C for 1 and the

" surface roughness was evaluated with an étomic_force
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REPLACEMENT SHEET - 28 - preferably has a small dianeter not to i npede
transm ssion of the ultrasonic wave. The nunber of wafer rotary rods 111 is
preferably as small as possible. To ensure a desired frictional 5 force
with respect to the wafers 140, preferably, two wafer rotary rods 111 for
limting novenent in the rolling direction (X-axis direction) of the wafers
140, and two wafer rotary rods 111 for supporting the wafers 140 fromthe

| ower side are provided. Wen two wafer

microscope. The mean square roughness in a 5-um square
area was about 0.2 nm. This neaily equals that of:a
commercially available Si wafer.

Section observation with a transmission electron

5 microscope revealed.that no new crystal defects were
formed in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained
even when the oxide film was formed not on the surface

10 of the epitaxial layer but on the surface of the second
substrate or on both these surfaces.

A_satisfactory result was obtaihed even when a
transparent substrate of silica glass or the like was -
used as the second substrate. However, since a slip may

15~ be formed in the single-crystal Si layer due to some
difference in thermal expansion coefficient between
silica glass and the Si layer, the temperature of the
heat treatment in hydrogen was decreased from 1,100°C to
1,000°C or less.

20 When the porous 8i layer left on the firet
substrate side was selectively etched and subjected to a
surface treatment such as hydrogen annealing or sufface
polishing, the substrate could be recycled as the first
or second substrate. |

25 Almost the same result as described above was
obtained even when a porous layer with a single-layered
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10 rotary rods 111 are disposed at an appropriate interval below the
wafers, the driving torque can be efficiently transmtted to the wafers
having an orientation flat. If only one wafer rotary rod 111 is placed
bel ow the wafers, and the orientation flat is positioned above 15 this
wafer rotary rod 111, the wafers cannot be rotated by the wafer rotary rod
111. Normally, a standing wave, i.e., an ultrasonic wave having a

hi gh-strength portion and a | owstrength portion is formed between the
bottom surface of the 20 wafer processing tank 110 and the |iquid surface.

However, si ncetriictutRf @aspreensdi By apg@i#inds 100 can process the wafers
140 mhlle rotating them nonuniformty in processing due to the standing
wave can In the above examples, as the ep1tax1a1 growing

method of forming a single-crystal Si layer on the

porous Si layer, not only CVD but also MBE, sﬁuttering,

5 or ligquid phase growing can be used. A singlchrystal
compound semiconductor layer of GaAs or InP may be
epitaxially grown on the porous Si layer. In this case,
a high-fregquency dev1ce such as GaAs on Si or GaAs on
Glass (Quartz) or a substrate suitable for OEIC can be

10 manufactured.
As the etchant used to selectivelf etch the porous
Si layer, a mixed solution of 49% fluoric acid énd 30%
hydrogen peroxide is suitable. Howevef, the following
- etchants can also be used. Since the porous Si layer has
15 a large surface area, selective etching is easy.
(a) Fluoric acid
(b) Mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to fluoric acid
{c)} Buffered fluoric acid '
20 (d) Mixed solution prepared by adding-ét least one of an
alcohol and hydrogen peroxide to bufferéd fluoric acid
(e) Mixed solution of fluoric acid gndﬁﬁitric acid
(f) Mixed solution of fluoric acid,;ni;;ic acid, and

acetic acid.

25 In the above examples, to stop apél;cation of the
ultrasonic wave[ the operation of thé uitrasonic source
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be reduced. 25 -I'n the wafer processing apparatus 100, the nunber of
menbers on the bottom portion of the wafer processing -29- tank 110 or
around the wafers 140 is decreased as small as possible. For this reason,
the ultrasonic wave can be efficiently and uniformy supplied to the wafers
140. In addition, with this arrangenent, since the process 5 solution can
freely flow around the wafers 140, the wafers can be uniformy processed,
and proceSS|ng defects can be prevented.
is stopped. However, use of shutters is also effectlve,
as shown in Figs. 11A and 11B.
As the-porous layer, not only a p@rous.sillayer but
also a porous layer formed from another semiconductor
5 material such as GaAs or SiC, an Al,0, anodized in oxalic
acid, or an.ultrafine particle film generated by CVD is
suitable. These layers can be easily removed by etching.
According to the above embodiment, by shortening
the etchant filling time for the porous 1ayer,
10 wvariations in progfess in etching in the substrate
surface or between substrates can be suppresséd, and
given film thickness uniformity of the underlying
surface layer can be maintained. In addition, even when
the thickness of a porous layer varies, given film
15 thickness-uniformity of the underlying-sﬁrface layer can
be maintained.
According to the present invention, a high
planarity of the uhderlying layer of the porous region
can be malntalned ._
20 The present invention is not llmlted to the above

embodiments and various changes and modlﬁ;catlons-can be

nmade within the spirit and scope of thé-fyesent

invention. Therefore, to apprise the public of the scope

of the present invention, the folldWind; aims are made.
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(Second Arrangenent of Wafer Processing Apparatus) Fig. 5

the schematic arrangenent 10 of a wafer proceSS| ng apparaumnuwﬂmrmmm
renove a porous layer. In a wafer processing apparatus 10, trenberts Whi éh *
may come into contact with the process solution are preferably nmade of
silica glass or a plastic in 15 accordance with their application
purposes. As the plastic, a fluoroplastic, vinyl chloride, polyethylene,
pol ypr opyl ene, pol ybutyl ene terephthal ate (PBT), or polyether ether ketone
(PEEK) can be used. As the fluoroplastic, PVDF, PFA, or PTFE is suitable.

20 Theyef efg RITRCHAS 1g.apparatus 10 conprlses a wafer processing
tank 11, and a hol der driving nechanlsn131
1. A porous region removing method for removing a

ﬁorous region from a substfate having the porous region,
comprising:

5 . the fifst step of filling the porous region with a
first 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 §econd process solution having an etching function for

10 a porous material after the first step.

2. The method according to claim 1, wherein said
second step comprises replacing the first process
solution filling the porous region with the second
process solution to etch.the porous region.

15 3. - The method according to claim 1 or 2, wherein said
substrate_to.be processed essentially consists of
single-crystal Si.

4. The method according to claim 1 or 2, wherein said
porous region essentiaily consists of an Si material.

20 5. The method according to claim 1 or 2, wherein said
porous region is formed by anodizing a substrate
consisting of single-crystal Si.

6. The method according to any oﬁe of claims 1 to 5,
wherein said first process solution chemically changes

25 pore walls in the porous region, and the second process

solution.has the etching function not only for a porous
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for swinging a wafer holder 21 in the wafer proce55|ng tank

processi ng appar at us 10 preferably has an ultrasonic tank 6 ﬂ“lﬂ“ﬂﬂ“ﬁﬂmlmll
Bef ore processing wafers, the wafer processing tank 11 is fillell whthfas *
process sol ution (preprocess -30- solution or etchant). The wafer
processing tank 11 has a four-side overflow tank 12. The process sol ution

I's supplied by a circulator 71 with a filter fromthe bottom portion of the
waf er processing tank 11 into the 5 wafer processing tank 11. The process
sol ution :

material but also for a substance which chemically

changes.

7. The method according to claim 6, wheréin said first

process solution has an oxidation function for the pore
5 walls in the porous region.

8. The method according to any one of claims 1 to 5,

wherein said first process solution is water.

9. The method according to any one of claims 3 to 5,

wherein said first process solution contains a material

10 selected from the group consisting of an alcohol,
hydrogen peroxide, nitric acid, and hydrochloric acid;
10. The method according to any one of claims 5 to 9,
wherein said second proceés solution contains fluoric
acid.

15 11. The method according to any one of claims 5 to 6,
wherein said second process solution is a material
selected from the group consisting of
(a) a mixed solution prepared by adding at least-one of
an alcohol and hydrogen peroxide to fluoric acid,

20 (b) a mixed solution of fluoric acid and nitric acid,
and
(c) a mixed solution of fluoric acid, nitric aéid, and
acetic acid. |
12. The method accofding to any one of claims 1 to 11,

25 wherein an ultrasonic wa&e is supplied to the substrate

during at least part of an overall period of execution
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overflow ng fromthe wafer processing tank 11 is stored in i
overflow tank 12 and di scharged fromthe bottom portion of “mm In ml“"l
overflow tank 12 to the circulator 71. In this wafer processrngCappaﬂﬁtus *
10 10, the wafer holder 21 irs swng by the hol der driving nmechani sm 31, and
si mul t aneously, the process solution is stirred. For this reason, the
circulating systemincluding the four-side overflow tank 12 is very useful
to maintain a constant liquid surface of the process 15 solution. As the

waf er hol der 21, a commrercially avail able product can be used. The wafer

hol der 21 is ggegﬁéagiysfmggacgeéaﬂd(g% sass or a plastic. As the plastic,
a fluoroplastic, vinyl chloride, polyethylene,

13. The method according to any one of claims 1 to 11,
wherein said first step comprises supplying.an
ultrasonic wave to the substrate.

5 14. The method according to any one of claims 1 to 11,
wherein an ultrasonic wave is supplied to the substrate
during at least part of an overall.period of execution
of the second step.

15. The method aépording to any one of claims 1 to 11,
10 wherein én ultrasonic wave is supplied to the substrate
- during at least part-of an overall period of execution
of the second step, in which the first process solution
filling the porous region is replaced with the second
process solution.
15 16. The method according to any one of claims 1 to 11,
wherein said second step comprises the steps of:
etching'the porous region without supplying any'
ultrasonic wave to the suﬁstfate until the pore walls in
the porous region have not more than a predetermined
20 thickness; and |
etching the'porous regioﬁ remaining on the
substrate while supplying an ultrasonic wave to the
substrate, thereby removing the porous region.
17. The method according to aﬁy one.of claims 1 to 11,
25 wherein said second step comprises the steps of:

replacing the first process solution £illing the
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20 pol ypropyl ene

, pol ybutyl ene terephthal ate (PBT), or pol
kefcone (PEEK) can be used. As the fluoroplastic, PVDF, PFAnmmmmnﬁm”““l
Ing

suitabl e. The hol der driving nmechanism 31 has a pair of ho
3la for holding the wafer holder 21. 25 The wafer holder 21 is held by the

por thi oms *

pair of holding portion 31a and dipped in the wafer processing tank 11.
31- Desired processing can be perforned for a wafer 40 while swi nging the
21 in the wafer processing tank 11. The hol der driving

waf er hol der
nmechani sm 31

10

15

20

25

has a function
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
thickness; and |
etching the porous region remaining on the
substrate while supplying an ultrasonic wave to the
substrate, thereby removing the porous regidn.
18. The method according to any one of claims 1 to 15
further comprising, after the second step, the third
step of removing the porous region'remaining:on Ehe
substrate.
19. The method according to claim 18, wherein said
third step comprises removing the porous region
remaining on-the substrate using an etchant.
20. The method according to claim 19, wherein said
third step comprises remeving the poroﬁé_regicn
remaining on the substrate using the etcﬁent while
supplying the ultrasonic wave to  the sﬁbétrete.

21. The method according to claim 19 oxr 20, wherein

said second and third steps are executed whlle dlpplng-

the substrate to be processed in the same etchant.

22. The method according to claim 19 qéﬁzo, wherein
said third step comprises removing the pérous region
remaining on the substrate using a third;process
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of conveying the wafer holder 21 storing wafers 40 which 5 m“ ﬁ
processed in the preceding step to the wafer processing ta” ﬁ" mnulluluél“l
next step. The hol der driving mechani sm 31 also has a functfon® as pdrtsof*
t he wafer processing apparatus 10. In this enbodi nent, the hol ding portions
3la hold 10 the wafer holder 21, so the wafer 40 is indirectly held.
However, the holding portions 31a may be replaced with, e.g., chuck pads to
directly hold the wafer 40. The direction in which the wafer 40 is held is
not limted to the direction perpendicular to the bottom surface of 15 the

waf er processddititidiK whbsRNEtERYngerRBs af el thd gdrdurombesysHlf age. The
ultrasonic tank 61 has an ultrasonic source 51

higher than that of the second process solutlon.
23. The method according to claim 18, whereln said
third step comprises removing the porous region

5 remaining on the substrate using a high-pressure fluid.
24. The method according to claim 18, wherein said
third step comprises removing the porous:region
'remaining on the substrate by polishing.
25. The method according to c1§im 18, whereiﬁ said

10 third step comprises removing the porous region
-remaining on the substrate by scrubbing.
26. The method aécording to any one of claims 12 to 17,
wherein, in processing the substrate while supplying the
ultrasonic wave to. the substrate, a relative positional

15 . relationship between the substrate and an ultrasonic
source is changed. |
27. The method according to claim 26, wherein, in
proéessing the substrate while supplying the ultrasonic
wave to the substrate, the substrate is swung in the

20 process solution.
28. The method according to claim 26, wherein, in
proceSsing the substraté while supplying the ultrasohic
wave to the substrate, a position of at least one of the
substrate and the ultrasonic source is changed in a |

25 direction substantially paréllel or per@endicular to a |
vibration plane of the ﬁltrasonic wave.
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and is filled with an ultrasonic transm ssion nedium (e.qg.

ultrasonic source 51 is fixed on an 20 adjustnent nechani sHlmﬂHH “I'”m] l"l
adjusting the vertical and/or horizontal position of the ultrasonilc $ousce*
51. When the positional relationship between the ultrasonic source 51 and
the wafer processing tank 11 is adjusted by the adjustnent nechani sm 62,

the ultrasonic wave to 25 be supplied to the wafer processing tank 11 and,
nmore specifically, to the wafer 40 can be optinized. The -32 -

ultrasonic source 51 preferably has a function of

29. The method according to claim 20, wherein, in
processing the substrate while supplying the ultrasonic
wave to the substrate, a relative positionai
relationship between the substrate and the ultrasonic

5 source is changed.
30. The method according to claim 29,:wherein, in that
in processing the substrate while supplying the
ultrasonic wéve to  the substrate, the substrate  is swung
in the process solution.

10 31. The method according to claim 29, wherein, in
processing the éubstrate while supplying the ultrasonic
wave to the substrate, a po#ition of at least one of the
substrate and the ultrasonic source is changed in é
direction substantially parallel or perpendicular to a

15 +vibration plane of the ultrasonic wave.

32. The method accbrding to any one of claims 12 to 17,
wherein said first and/pr second step comprises changing
a relative positipnal relationship between the substrate
and the ultrasonic source.

20 33. The method according to claim 20, wherein all or
some of the first to third steps compriée changing a
relative positional relatioﬂship betweeﬁ-the substrate
and the ultrasonic source.

34. The method according to any one of c1aims 1 to 17,

25 wherein said first and/or second steps cbmprises

circulating the process solution to form a flow of the
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adjusting the frequency or strength of the generated uItraso
this arrangenent, supply of an ultrasonic wave can be furthe ﬁﬁ@ﬂfﬂ! II'
imparting 5 the function of optimzing supply of an ultrasoni

waf er 40, the ultrasonic wave can be supplied individually to a variety of
types of wafers. The wafer processing apparatus 10 has a control section

for ONVOFF-controlling the ultrasonic source 51. 10 Wth this contro
section, porous |ayer removing processing can be controlled. (Third
Arrangement of Wafer Processing Apparatus) Fig. 6 is a view showi ng the
schemati c arr pmyesest soflutivafl Aeapr ERESSUBEE Pl at us suitable to renove a

15 porous Iayer Figs. 7Ato 7E are views show ng operation
35. The method according to any one of claims 18 to 25,
wherein all or.some of the first to third sfeps comprise
circulating the process solution to form a flow of the

5 process solution near the substrate.

36. The ﬁethod according to any one of claims 12 to 17,
wherein supply of the ultrasonic wave to the substrate
is controlled by operating or stopbing the ultrasonic
source.

10 37. The method according to any one of claims 12 to 17,
wherein supply of the ultrasonic wave to the substrate
is controlled by inserting an ultrasonic wave shielding
plate between the ultrasonic source and the substrate.
38. The method according to claim 20, wherein supply of

15 the ultrasonic wave to the substrate is controlled by
operating or stopping the ultrasonic source.

39. The method according to claim 20, wherein supply of
the ultrasonic wave to the substrate is controlled by
inserting an ultrasonic wave shielding plateibetween the

20 ultrasonic source and the substrate;

40. A method of manufacturing a semiconductor
substrate, comprising the steps of:

forming a porous layer and at least one non-porous
layer on a first éubstrate;

25 bonding a sécond substrate to the non-porous layer

side of the first substrate;
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of the wafer processing apparatus shown in Fig. 6. Fig. 8 i ' :
view of a swing assist nenber in the wafer processing appar gigﬂigmmm“m"l
Fig. 6. The wafer processing tank 11 preferably has, on the cOort oM s '+
surface, a sw ng assist nmenber 13 for increasing the efficiency of sw ng of
the wafer 40 by the holder driving nechanism 31. The swi ng assi st nenber 13
cones into contact with the side surface of the wafer 40 held by the wafer
hol der 21 when the wafer holder 21 noves, 25 thereby rotating and
vertically nmoving the wafer 40 in the wafer holder 21 by the frictional
force. The swing removing the first substrate from the bonded

subsfrate stack to expose the porous layer on a surface
. of the second substrate; and | ~
| removing the porous layer on the seéond substrate
5 using the porous region .removing method of claims 1 to
39.
41. The method according to claim 40, wherein said step
of exposing the porous layer comprises grinding,
polishing, or etching the first substrate from a lower
10 surface side of the bonded.first substrate to ekpose the
porous layer on the surface of the second substrate.
42. The method according to claim-40, wherein said step
of exposing the porous layer comprises dividing the
bonded substrate stack at the porous layer to expdse the
15 porous laYer on the surface of the second substrate.
43. The method according to any one of claims 40 to 42,
wherein said non-porous layer inclﬁdes a single-crystal
Si layer. _
44. The method according to any one of claims 40 to 42,
20 wherein said non-porous layer includes a single-crystal
Si layer and an Si oxide layer.
45. The method according to claim 43 or 44, wherein
said single-crystal Si layer is a layer epitaxially
grown on the porous layer of the first substrate.
25 46. The method according to any one of claims 40 to 42,
wherein said non-porous layer includes a sinéle—crystal
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- 33 - assist nenber 13 is useful to inprove the surface unij
processed wafer. It is also effective to use a driving nmech m;mn IH" " ﬂ"'
vertically (Y-axis direction) and/or horizontally (X- 5 axis*difectidn)
novi ng the swing assist nmenber 13. In this case, the swi ng assist rrerrber 13
itself noves to rotate the wafer 40 and vertically nove the wafer 40 in the
waf er hol der 21. Therefore, the range in which the hol der driving nechani sm
31 noves the wafer holder 21 10 can be nade snall. In other words, the
waf er processing tank 11 can be made conpact. The ultrasonic tank 61 has
t he ul trasoni coxmeuee semidpdndactor | Paverth an ul trasonic transm ssion
nmedi um
47. The method according to any one of claims 40 to 46,
wherein said second substrate essentially cénsists of an
Si material.
5 48. The method according to any one of claims 40 to 47,
wherein said second substrate has an Si oxide layer on a
surface to be bonded to the first substrate.
49. The method according to any one of claims 40 to 46,
wherein said second substrate is a transparent
10 substrate.
50. A porous region removing apparatus for removing a
porous region from a substrate having the porous region,
comprising:
neans for executing the first step of filling the
15 porous region with a first process solution having no
etching function or weak etching function for a porous
material; and
means for executing the second step of replacing
the first process solution filling the porous region
20 with the second process solution having an etching

function for a porous material to etch the porous

region.
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(e.g., water).

ultrasonic source 51. Wien the positional relationship between the
ul trasonic source 51 and the.wafer processing tank 11 is adjusted by the

adj ust rent mechani sm 62,
waf er processing tank 11 and, nore specifically,

The ultfasonic source 51 is fixed on the 15 adjustnent
mechani sm 62 for adjusting the vertical and/or horizontal position of the

the ultrasonic wave to 20 be supplied to the

to the wafer 40 can be

optim zed. The ultrasonic source 51 preferably has a function of adjusting

the frequency or strength of the generated ultrasonic wave.

arrangenent ,

10

Wth this

supply of an 2-ABRSTRACTS OF THRADESCBOSHRE f urther optini zed.
|npart|ng the function of optim zing supply of an ul trasoni c wave

A given planarity of the underlyiﬁg la&er is
-ensﬁred after removal of a porous layer. In the first
step, a porous layer is filled with a preprocess
solution (e.g., water). 1In the secpnd.step, the
preprocess solution filling the porous layer is replaced
with an etchant (e.g., fluoric acid), and the porous
layer is etched by the etchant. -Witﬁ this process, the
Lime in which the porous layer is filled with the
etchant is shortened to suppress variations in progress

of etching.
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-34 - to the wafer 40, the ultrasonic wave can be supplied individually to
a variety of types of wafers. The wafer processing apparatus 10 has a
control section for OV OFF-controlling the ultrasonic source 51. 5 Wth
this control section, porous |ayer removing processing can be controlled.
Figs. 7Ato 7E are views for explaining] xppfer swing nethod. In these
drawi ngs, arrows indicate the noving directions of the wafer holder 21.
Fig. 7A shows 10 a state |nned|ately before t he maferz‘&.rtszb% be swung

VWhen the startFoi Gfer .imng -0
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t he hol der driving nechani sm 31 presses the hol ding portions 3la downward
under conputer control, as shown in Fig. 7B. The side surface of the wafer
40 conmes into 15 contact with the swing assist nenber 13 midway this
pressing. The wafer 40 is supported by the swing assist nenber 13 at its

| ower portion. When the swing assist nmegpgy 13 conmes into contact with the
waf er 40, particles may be produced albeit in a 20 small anmount. To
prevent this, the distal end portion of the swing assist nmenber 13 is
preferably R-processed, as ShﬁF lnG;,g. 2 or snmooth contact with the
waf er 40. The swing assist nenber®1 nly to assist swing of the wafer
40 and therefore can have a shape not 25 to inpede transm ssion of the
ultrasonic wave, e.g., a r/ :

NN

FIG. 2B
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thin plate-like shape. Wth this arrangenent, the
can be uniformy supplied to the wafer 40, and th
uniformy processed. In this wafer processing app
processed while changing the relative positional

wafer 40 and the swi ng assist nmenber P,/ig.e., th
rel ati onshf® weer@ e wafer 40 and the wafer p
this reason, slight nonuniformty of the ultrason
assi st menber 13 pdj

UL LR L

-35- ultrasoni c wave
e wafer 40 can be
aratus 10, the wafer 40 is
5 relationshi p between the
e relative positiona
rocessing tank 11. For
i.c wave due to the sw ng

02

FIG. 3B

FIG. 3C
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When the press amount of the wafer holder 21 is large to sone
extent, the contact pressure between the wafer 40 and the sw ng assi st
menber 13 can be increased. Hence, sliding novenent between the sw ng
assi st nmenber 13 and the wafer 40 is elimnated to 15 prevent operation
failures. If the press amount is smallgAae gravity against the wafer 40
acts nore largely on the wafer holder 21 than on the distal end portion of
the swi ng assist nenber 13. Wen the swing assist nmenber 13 having the
shape of this enbodinent is 20 used, the press anount is preferably set to
be about 30 mm after the wafer 40 cones into contdgt-w the sw ng assi st
menber 13. When the operation gg pressing the vt ef Hetder; 21
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i s ended, “the hol der driving nechani sm 31 noves the 25 hol di ng portions 3la
to the right (positive X-axis direction) under conputer control, as shown
in Fig. 7C - 36 - The wafer 40 substantially horizontally noves to the
right (positive X-axis direction) in the wafer processing tank 11 while
rotating clockw se. The nobving anount o /tma hol di ng portions 3la nust be
set within 5 the range in which the hollding portions 31la do not collide
agai nst the | ower opening portion of the wafer hol der 21.

FIG. 5

b

-t
o

)

ea—e——
<

.Iii

-

||”
-

{

"y
L T W % |

W

b W R, W, WA, L T "W W, Y Y ¢

NSRS R S S T ———

re—g———

X L ———

—~—61

TP geeapayy—

(
o)
R

S U S A A B O S 0 st 1




When novenent of the wafer holder 21 to the right (positive X-axis
direction) is ended, the holder driving 10 nechanism 31 noves the hol di ng
portions 3la upward under conputer control, as shown in Fig. 7D. The noving
anount of the holding portions 3la is preferably set within the range in
whi ch the wafer 40 does not cone closgto4a liquid surface 14 of the
process solution. If the wafer 15 40 cones close to the liquid surface 14,
particl es may adhere to the surface of the wafer 40. \When upward novenent
of the wafer holder 21 is ended, the holder driving nmechani sm 31 noves the
hol ding portions 3la to the left (negative X-axis direction) 20 under
conputer control, as shown in Fig. 7E, so the initial state is restored
(Fig. 7A). g1
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By repeating the above operation (Fig. 7A [err] Fig. 7B [err] Fig. 7C [err]
Fig. 7D [err] Fig. 7E), the wafer 40 can be appropriately swng and
uni formy processed. 25 According to the wafer processing apparatus
10, since the wafer 40 is swing in the region where supply -37 - of an
ultrasonic wave is optimzed by adjustiagthe ultrasonic tank 61, the
ultrasonic wave acting on the wafer 40 can be optim zed. As is known, the
st andi ng- wave_ of ultrasonic 5 wave has anti-nodes and nodes at a

pr edet e_r-'rrifhe% l ﬂa_ -
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interval. Therefore, it is difficult to uniformthe ultrasonic wave in the
waf er processing tank 11. However, in this wafer processing apparatus 10,
processing for the wafer 40 can be unifornmed 10 independently of the
nonuni form strength distribution of the ultrasoni ¢ wave because the hol der
driving mechani sm 31 swi ngs the waferg4fy Even mhen the wafer 40 is sinply
noved ohly i.n the horizontal direction, vertlcal_dprectlon or oblique

di rection; :p ng f e 15 wafer 40 can be:uniforned. Wen the
wafer 40 i's i? i ﬁ#(tﬂe axial direction (Z-axis direction),
nonunltornlty in: proce55|ng ¢ e high-strength portion
of the uLtrasonlc wave in thd al S§ be corrected.

een waf ggs due td
or i=zent al; pl ane cd
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Since the wafer processing apparatus 10 has the sw ng assi st
the swing anount of the wafer 40 can be efficiently increased.
. The fixed position of the swing assist nmenber 13 is not |limted to the
bottom portion of the wafer processing tank 11. 'As far as the 25 swi ng

assi st nmenber 13 can contact all wafersy4Qqin the wafer holder 21, the
SW ng assi st nenber 13 may be fixed . -38 on the inner wall of the waf er

processi ng. t 1 e_hol der driving mechanism 31 (in this case, a
nechanlsn1fo b |ng %ﬁ a ve ?03|t|onal

40

20
menber 13,

W Y .y

.

YO T . . .

11—
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rel ati onshi p between the holding portions 31la and the 5 swing assist nenber
13 is required). In addition, according to the wafer processing apparatus
10, since no driving mechanismis present in the wafer processing tank 11,
particles are not produced due to operation of the driving mechanism 10
(Fourth Arrangenment of Wafer Processiqg/Apgparatus) Fig. 9 is a view show ng
the schematic arrangenent of a wafer processing apparatus suitable to
renove "a-porous layer. In a wafer processing apparatus 300, the wafer 40 15
is held alnost parallel to the bottomsurface of the wafer processing tank
11 (i.e., alnost parallel to the vibration plane of the ultrasonic wave)
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di pped i'n the process solution (preprocess solution or etchant) in the

waf er processing tank 11, and in this 20 state, swng by a wafer noving

mechani sm 80, thereby uniformy processing the wafer 40 and prevent

. contam nation by particles. The wafer noving nmechani sm 80 hol ds the wafer

. 40 with an arm 81 and swi ngs the maferlﬁpl%n the wafer 25 processing tank
11. The wafer 40 is preferably swng i'n"a“direction crossing the vibration

pl ane of the - 39 - ultrasonic wave (i.e., in the vertical direction)

and a
(E_ FIG. 10
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direction parallel to the vibration plane-(i.e., in the horizontal
direction). In this wafer processing apparatus 300 as well, 5 preferably,
the wafer 40 conpletely dipped in the process solution is processed. In
this case, particles can be prevented fromadhering to the wafer 40 near
the interface between the process scﬂ*g}g& and gas. According to the wafer
processi ng apparatus 300, 10 t he wafe 0O can be uniformy processed by
swi nging the wafer 40 in the wafer processing tank 11. (Fifth Arrangenent
of Wafer Processing Apparatus) Fig. 10 is a view showi ng the schematic
arrangenent of a wafer processing apparatus suitable to renove a 15 porous
layer. In the wafer processing apparatuses of the :
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second to fourth arrangenents, wafers are processed while being swng. In a
waf er processing apparatus 500 of the fifth arrangenent, the speed of flow
of the process solution (preprocess solution or etchant) is 20 i ncreased

i nstead of swinging wafers. In the wafer processing apparatus 500, a
support portion 73 for supporting thelggﬁgf hol der 21 is placed at the

| ower portion of the wafer processing 11. The process sol ution
suppl i.ed fromthe circul gtjor 71 25 spouts from spout pg&gf 72 under the
support portion 73 at a hijgh speed. The support portion has a plurality

A X
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- 40 - of opening portions. The process solution spouted fromthe époUt
ports 72 noves upward through the opening portions. Wen the process
the wafer 40 can be unifornly

solution is circulated at a high 5 speed,
is also effective to assenbl e the above- descri bed

processed. It

C|rculat|ng mechanism (71 to 73) in thg4yafigr processing apparatus 10 shown
in Fi.g. 5. (Sixth Arrangement of Wafer ProceSS|ng Appar atus) 10 I n

t he above-described wafer processing apparatuses, supply and nonsupply of
the ultrasonic wave to the wafer processing tank are sw tched by
controlling the ultrasonic source. |Instead, a nechanism for
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k

shleldlng the ul trasonic maveOH%C%éggéb’%hy b

"ultrasonlc source and the wafer. A nodif,jcati
apparatus shown in Fig. 5 or 6 will bﬁ’ﬂ&scrl
nodi ficatiion of the wafer processing apparatu ﬂ&krgz
Figs. 11A and 11B. 20 the overflow tank and tih& Abpteastat 6

®hac qgﬁ% | hg apparatus of this—modifigation has shutters
o?EEﬂ&%Nkng t 1 ul trasoni ¢ wave, as needed, qumﬁgmmpuuyummﬂadﬂﬁﬁé

Q) — (1 —h

1tand the bottom surface of the wafer process
hd uD@rMAB19%9 wave to the wafer processing tank 11, the shutters 91 and 92
rq opened by a drijvi ng

TITLE OF THE INVENTION

10

15

20

25

POROUS REGION REMOVING METHOD AND

SEMICONDUCTOR SUBSTRATE MANUFACTURING METHOD
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to a porous region
removing method and a semiconductor substrate
manufacturing method and, more partiéularly, to a method
of removing 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.

DESCRIPTION OF THE RELATED ART

There is a method of sequentially forming a porous
Si.layer and a single-crystal Si layer on a first
substrate, bondihg the first substrate to a.separately
prepared second substrate, and separating the bonded
suﬁstrate stack into two substrates at the porous Si
layer to transfer the single-crystal Si layer formed on
the first substraté side to the second substrate side,
thereby manufacturing an SOI substrate,.

In this method, after the bonded substrate stack is

separated into two substrates, the porous Si layer

ransm t




-41 -7:ssect:iron (not shown),

wave, e.d.,

a f ér

eri al
| 4rasonic

as shown in Fig. 11A. To shield-the—+{ trasonic
“wave to the wafer processing tank 11, the shut ehﬁP EMENT GHEET ef cl osed by
the driving section (not shown), as shown in Filg. .

the shutters 91 and 92, a material which hardly t
PFA or PTFE is suitable. (Spventh Arrfan@2n¥N

of 5

Processing Apparatus) Figs. 12A to 12C-are vie showi ng_t he.sdhgematic 10

arrangenment of a wafer processing apparatus suifable to renpove a{porous
12A is a front view, Fig.

| ayer. Fig.

10

15

20

25

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 subétrate and,
more-particularly, the film thickness uniformity of the
single-crystal Si layer as the surface layer of the

second substrate is preferably not hindered.

. SUMMARY OF THE INVENTION

The present invention has been made in
consideration 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.

Accofding to the present invention, there is
provided a porous region remoVing method for removing a
porous region from a substrate having the porous region,
characterized by comprising the first step of filling
the porous region with a first process solut;on having
no etching fuﬁction 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 first
step.

In the porous region removing method, the second

step preferably comprises replacing the first process



12B is a side view, and Fig. 1Cis a plan view. In a wafer

processi ng

apparatus 700, a jet of fluid (e.g., water) 701 is sprayed fromthe spray

nozzle 700, 15 and the porous Iayer of the waf ﬁgﬁ@g&Nﬁﬁﬁ

Y -Tb t he

e ay noz

sprayed fluid. In the exanple showmn in Figs. 12

700 is scanned in the Z-axis directionagile sprlayfng the fluid}{7qQ1 fr
the spray nozzle 700 20 perpendicularly to the eQH¥HARI 1999 eldy {renmD
a porous |layer 40a on the entire surface. (Ei ghth JArrangenent off Wafer

Processing Apparatus) Fig. 13 is a view show ng | he—sctrematTT arr g

of a wafer processing apparatus suitable to renoye a 25 porous | aver.

waf er processg@gu%gg%r%giii ”Eﬁe porous region w1th the second

10

15

20

25

process solution to etch the porous region.

In the porous region removing method,'the substrate
to be processed preferably essentially consists of
single-crystal Si.

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

In the porous region removing method, the porous
region is preferably formed by anodizing a substrate
consisting of single-crystal Si.

In the porous region removing method, preferably,
the first 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 subétance which chemically changes.

In the porous region removing method, the first
process solution preferably has an oxidation function
for the pore walls in the porous regiom.

In the porous region removing method, the first
process solution is preferably water. _

In the porous region removing method, the first
process solution preferably contains a material selected
from the group consisting of an alcohol, hydrogen
peroxide, nitric acid, and hydrochloric acid.

In the porous region removing method, the second

zl e
om
Vi ng

ngement

Thi s



~a-wafer- processing apparatus 100a for preprocess,

a - 42

processi ng apparatus 100b for main process, and
for conveying a substrate to be processed. For é&x
processi ng apparatus 100 shown in Fig. 4 can be
processing apparatus 10a for preprocessqand the
100b for mmin process. The conveyance Methani sm
802 horizontal ly novable al ong a hori zont al

shaft

aR _IAEQMEHEGSHEET:hLm sm 800

P sm@«éifng g

ppar at us
r obot

Iy

804 and vertlc

novabl e al ong a vertical shaft 803. The

process solution preferably contains

3 0 has_a_conrvey
all

fluoric acid.

In the porous region removing method, the second

process solution is preferably a material selected from

the group consisting of
(a)
an alcohol and hydrogen peroxide to
(o)
and
(c)

10 acetic acid.

a mixed solution prepared by adding at least one of

fluoric acid,

a mixed solution of fluoric acid and nitric acid,

a mixed solution of fluoric acid, nitric acid, and

In the porous region removing method, an ultrasonic

wave is preferably supplied to the s

ubstrate during at

least part of an overall period of execution of the

first and second.steps.
15
step preferably comprises supplying
to the substrate.
In the porous region removing
wave is preferably supplied to the s
20 least part of an overall period of
second step.
In the poréus region removing
wave is preferably supplied to the
least part of an overall period of

25 second step,

method,

In the porous region removing method, the first

an ultrasonic wave

an ultrasonic

ubstrate during at

execution of the

method, an ultrasonic
substrate during at
execution of the

in which the first process solution filling

the porous region is replaced with the second process



10 conveyor robot 802 has a plurality of substrate hol di ng nmechani sns 801
each having a chuck portion for chucking and holding the lower surface of a

substrate to be processed. In this wafer proce e . rst a 15
substrate to be processed (a substrate having he
surface) is conveyed to the wafer procgssing app pr epr ocess
by the conveyance nechani sm 800 and set-in the ' ank. The
preprocess is executed in the wafer processingj?2 1Ppa, The

preprocessed substrate is conveyed to the wafeg riat us 100b
for main process by the conveyance nechani sm 890 and set in the
processi ng

solution.

In the poréus region removing method, the second
step preferably comprises the steps of etching the
porous region without supplying any ultrasonic wave to

5 the substrate 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 ultrasonic wave to the substrate,
thereby removing the porous region.

10 In the porous region removing mgthod, the second
step preferably comprises the steps of replacing the
first process solution filling thé porous region with

" the second process solution while éupplying an
ultrasoniq wave to tﬁe-substrate, etching the porous

15 region without supplying any ultrasonic wave to the
substrate 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 ultrasonic wave to the substrate, thereby removing

20 the porous region.

The porous region removing method preferably
further comprises, after the second step, the third step
of removing the porous region remaining on the
substrate. |

25 In the porous region removing method, the third

step preferably comprises removing the porous region



tank. The main process is executed in the wafer 25 processing apparatus
10b. The substrate whi ch has undergone the main process I s extracted
fromthe wafer processing apparatus 100b by the purf [

and stored in, e.g., a wafer cassette. Accordingjt
apparatus, 5 porous l'ayer renoving procgssing in
mai N process can be autonatically executed. Exani
porous | ayer renoving

remaining on the substrate using an etchant.

In the porous region removing methdd, the third .
step preferably comprises removing the poroﬁs region
remaining on the substrate using the etchant while

5 supplying the ultrasonic wave to the substrate.

In the porous region removing method, the second
and third steps are preferably executed while dipping
the substrate to be processed in the same etchant.

In the porous region removing method, the third

10 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.

In the porous regioﬁ removing méthod, the third

15 step preferably comprises removing the porous region
rgmainiﬁg on the substrate using a high-pressure fluid.

In the porous region removing method, the third
step preferably comprises removing fhe porous region
remaining on the substrate by polishing.

20 In the porous region removing method, the third
step preferably comprises removing the porous region
remaining on the substrate by scrubbing.

In the porous region removing method, in processing
the substrate while supplying the ultragonic wave to the

25 substrate, a relative positional relatibnship between

the substrate and an ultrasonic source is preferably




met hod will be described bel ow. 10 (Example 1) Afilmof a materi al
substrate and patterned to forma nask pattern havi ~R€ %
single-crystal Si substrate exposed in the opening 15

in an HF solution to forma porous |ayery. Wth this jprijocess A&‘@Bq[ rql m
thi ck porous | ayer was forned on the sifgle-crystal S SDSEM t &
Subsequently, the nask pattern was renoved. Instead pfiformn
pattern on the single-crystal Si substrate, the single-

substrate may be set in a holder wth which the HF sqluti ; act
only a region gﬁgﬁé@é}ﬂ; porous | ayer is to be forned, and subjected to

In the porous region removing method, in processing
the substrate while supplying the ultrasonié wave to the
substrate, the substrate is preferably swung in the

5 process solution.

In the porous region removing method, in processing
the substrate while supplyiﬁg the u;trasonic wave to the
substrate, a position of at least one of the substrate
and the ultrasonic source is preferably éhanged in a

10 direction substantially parallel or perpendicular to a
vibration plane of the ultrasonic wave.

In the porous region removing method, the first
and/or second step preferably comprises changing a
relative positional relationship between the substrate

15 and the ultrasonic source.

In the porous region removing method, all or some
of the first to third steps preferably comprise changing
a relative positional relationship between the substrate
and the ultrasonic source.

20 In the porous region removing method, the first
and/or seéond steps preferably comprises circulating the
process solution to form a flow of the process solution
near the substrate.

In the porous region removing method, all or some

25 of the first to third steps preferably comprise |

circulating the process solution to form a flow of the



anodi zi ng. ‘The resultant substrate was set in the wafer 25 processing
apparatus 100 for preprocess shown in Fig. 4. The wafer processing tank 110

of the wafer processing - 44 - apparatus 100 for preprocess was filled
with a solution (preprocess solution) containinggan §H;gp ance. In
the wafer processing apparatus 100 for, greproces ;Rﬁ Al 'ﬁ ale was

rotated for about 2 hrs, and at the 5 —sanme tine} fn ultrasonic wave near 1
MHz was applied to fill pores in the porous Si |ayg¢r 0% tMAR 399sol u}ion

!
§

proceSs solution near the substrate.

In the porous region removing method, supply of the
ultrasonic wave to the substrate is preferably
controlled by operating or stopping the ultrasonic

5 source..

In the porous region removing method, 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.

10 According to the present invention, there is also
provided a methﬁd of manufacturing a semiconductor
" substrate, characterized by comprising the steps of
forming a porous layer and at least one non-porous layer
on a first substrate, bonding a second substrate to the
15 non-porousllayer side of the first substrate, removing
the first 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 removing method.
20 In the semiconductor substrate manufacturing
method, the step of exposing the porous layer preferably
comprises grinding, polishing, or etching.the first
substrate from a lower surface side of the bonded first
substrate to expose the porous layer on the surface of
25 the second substrate.

In the semiconductor substrate manufacturing



cont ai ni ng al cohol (preprocess). The preprocessed substrate was set
processi ng apparatus 100 for nmain process shown in 10 LGt
processing tank 110 of the processing apparatus 1 ORiép[mmEm&
filled wwth a m xed solution (etchant) of fluoric!
and pure water in advance. In the procegsi ng appargt spép&
process; the substrate was rotated for 45 about 0§ 5{ hMS
time, an ultrasonic wave near 0.25 MHz was appliedjte_fli

iin
Chg™!

in the

porous Si layer with the etchant. The operation of {the ultrasonic solrce

131 was stopped, and the substrate was left to sta

waf e

processi ng tar}‘h(et:lhlo%-’f %rheab%ut 1 _hr. With't

10

15

20

25

step of exposing éﬂé;porous layer preferably
comprises dividing the bonded substrate stack at the
porous laver to expose the porous layer on fhe surface
of the second substrate.

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

- In the semiconductor substrate manufacturing
me;hod, the non-porous layer preferably includes a
single-crystal Si layer and an Si oxide layer.

In the semiconductor substrate manufacturing
method, the single-crystal Si layer is preferably a
layer epitaxially grown on the porous layer of the first
substraﬁef |

In tﬁe semiconducto; substrate manuﬁacturing
method, the non-porous layer preferably includes a
single-crystal compound semiconductor layer.

In the semiconductor substrate manufacturing
method, the second substrate preferably essenﬁially
consists of an Si material.

In the semiconductor substrate manufacturing
method, the second substrate preferably has an Si oxide
layer on a surface to be bonded Eo the first substrate.

In the semiconductor substrate manufacturing
method, the second substrate is preferably a transparent

substrate.

r



process, the pore walls of the porous Si |ayer thinned. Subsequently, the

porous Si | ayer was conpletely renoved using the QQQﬁLaLus—shGWﬁ~r$ Fi gs.
12A to 12C. As a result, a structure having a 50-|[ eplACEMENS SkEEdsged 25

portion on-.the substrate surface was fornmed. Theg

VEer ¢oul d be

conpletely renoved even when the RER- ACEMVENT SH ETQ&ﬁ@#B'ﬁgﬁratlon of

the ul trasonic source 131 was stopped,—and then, th
stand in the wafer processing tank 110 for about 2

10

15

20

25

was left to
L.nst.ead-of u5|ng

]

According to the present invention, there is also
provided a porous region removing apparatus for removing
a poroﬁs region from a substrate having the.porous
region, characterized by comprising means for executing
the first step of,filliné the porous region.with a first
process solution having no etching function or weak
etching function for a porous material, and means for
executing the second step of replacing the first process
solution filling the porous region with the second
process solution having an etching'function for a porous
material to etch the porous region.

Further objects, features and advantages of the
present invention will become apparent from the
following detailed description of embodiments of the
present iﬁvention with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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;

Figs. 2A to 2C are views showing a fabrication
method according to the first application example of the
porous layer removing method;

Figs. 3A to 3F are views showing a semiconductor

substrate manufacturing method according to another



t he apparatus shown in Figs. 12A to 12C. 5 The sape.strycture as
descri bed above could be forned using the apphrgidise HREFiIlg. 5, 6, or
9. (Exanple 2) Afilmof a material having a ﬂ?&ﬁ%ﬁ@?gﬂnSk f ormed on
the surface of a single-crystal Si substrate L0} and (o forma
mask pattern having an opening. The siggle-cr s{al0%:i ; exposed in
t he openi ng portion was anodi zed in an™F sol §tifon to form.a pofous | ayer
reaching the | ower surface. Then, the mask patitern was renoved. |l nstead of
formng a nmask pattern on the 15 single-crystlal_ S -subst+ate—t he

single-crystal Si substrate may be set in a holder with which the HF
sol ution can contact gnéxxbécslfmernetgloop ere the porous

preferre the present invention;
Fig. 4 is a perspective view showing the first
arrangement of a wafer processing apparatus;

Fig. 5 is a perspective view showing the second

5 arrangement of the wafer processing apparatus;
Fig. 6 is a perspective view showing the third
arrangement of the wafer processing apparatus;
Figs. 7A to 7E are views showing operation of the
wafer processing apparatus shown in Fig. 6;
10 - Fig. 8 is a perspective view of a swing assist
member in the wafer processing apparatus shown in Fig.
6;
Fig. 9 is a view showing the fourth arrangement of
the wafer processing apparatus;
15 Fig. 10 1s a view showing the fifth arrangement of
the wafer processing apparatus;
Figs. 11A and 11B are views showing a modification
of the wafer processing apparatus shown in Fig. 5 or 6;
Figs. 12A to 12C are views showing the seventh
20 arrangement of the wafer processing apparatus; and
Fig. 13 is a view showing the seventh arrangement
of the wafer processing apparatus.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
25

The present invention is suitable for a method of



| ayer is to be fornmed, and subjected to anodi zi ng. Subsequently, a
single-crystal Si |ayer having a 20 thickness of-—d—f-ett s formed on
the surface of the substrate as a resultan ﬁEﬂM@EMEkfﬁﬁ axial growth
The resultant substrate was set in the waf rgp*otésgrﬁﬁ'ap atatus 100 for
preprocess shown in Fig. 4. The wafer casdi t o - fithe wafer
processing 25 apparatus 100 for prepr'g{-ei;s vagg?ltﬁl&g&éﬁt sol ution
(preprocess sol ution) containing hydrogen perjoxide<ia =746- advance. In
t he waf er processing apparatus 100 for :

sequentially forming a porous layer and a non-porous
layer on a first substrate, bonding thé_first substrate
to a separately prepared second subst:ate, separating
the bonded substrate stack into two substrates at the
5 porous layer to transfer the non-porous layer formed on

the first 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.

10 ‘ As the first 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 layef can be epitaxially grown as a non-
porous layer. An insulating layer such-as an Sio, layer

15 may be formed on the single-crystal Si 1ayer.

In the embodiment, the porous layer and the non-
porous layer are sequentially formed on the first
substrate, and this substfate is bonde@fto the
separately prepared second substrate td.form a bonded

20 substrate stack. After the bonded subé;rate stack is
separated into two substrates at the pofous layer, the
porous layer remaining on the second substrate side is
removed by, e.g., wet etching. i

More specifically, in this embodiment, to remove

25 the porous ;ayer remaining on the secona substrate side

after separation, pores in the porous layer are filled



preprocess, the substrate was rotated for about 6 hrs, _
time, an ultrasonic wave near 0.25 MHz was ¥ es in the
porous Si layer with 5 the preprocess sol utiomEPm&E{M&bﬂe&é@. 'he _
preprocessed substrate was set in the processimg—appararus 10¢ for main
process shown in Fig. 4. The wafer procqgsi taaﬁ_éég @Bgtke processing
apparatus 100 for main process was filled w{hl a“m Xe goljuti on
(etchant) of fluoric acid, hydrogen peroxide nd.puwe--wat-er iljn advance. In
t he processing apparatus 100 for main procesp, the substrate s rotated
for about 2 hrs, and at the same tinme, an ul t+esonrc~wave near 0.25 MHz was

[ to fill .pores in the porous Si 15 layer with the etchant.,
applied w1%g a so utlonpwhich does not %tch the porous material

and at the same

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
5 sufficiently filled with the preprocess solution, 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.
According to this method, the time (to be referred
10 to as a filling time hereinafter) required to fill each
pore in the porous layer with the etchant to the deepest
portion can be shortened, and consequently, the filling
time for the pores can substantially be uniformed.
Hence, variations in surface of the second substrate or
15 'variationé between substrates after removal of the
porous layer can be suppressed, so a high-quality
substrate (e.g., an SOI substrate) whoée surface layer
has high film thickness uniformity can be manufactured.
When the pores in the porous layer are filled with
20 the etchant without filling them with the preprocess
solution, gas in the pores in the porous layer is
replaced with the etchant, and this requires a long
filling time. For this reason, the filling time for the
pores readily varies, and as a consequence, progress of
25 etching in the pores readily varies. This variation may

lower the yield of mass production.



Application of the ultrasonic wave was stopped, and the substrate was |eft
to stand in the wafer processing tank 110 f A tth this
process, the pore walls of the porous Si |ay r‘?ﬁ?ﬁfﬁ%@wgﬁEw The
ultrasonic source 131 was operated again forjapout 5 mn tojcqnpletely
renove the porous Si |ayer. The porous 1$i- | ayel QSUMARDY9RonNplietel y renoved
even when the operation of the.ultrasonic sourte 131 was stgpged, and then,
the substrate was left to stand in 25 the fer—processing tgnk 110 for
about 4 hrs, instead of operating the ultraspnic source 131 again.

In this embodiment, water is preferably used_as the
preprocess solution. When water is emploved as the
preprocess solution, the influence of the preprocess
solution on the etchant which replaces the preprocess

5 solution is small, and degradation of the etchant can be
suppressed.

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

10 Dbe used. As the etchant, fluoric acid can be used.

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

15 denotes aﬁ underlying substrate (second substrate); 202,
a pofous layer; and 203, a preprocess solution; and 204,
an etchant.

In Fig. 1A, the pores of the porous layer 202 are
filled with the preprocess solutioﬁ 203 to the deepest

20 portions. 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 filled with the
preprocess solution increases.

25 After each pore in the porous layer 202 is filled

with the preprocess solution 203 to the deepest portion,



- 47 - Wth the above process, a single-crystaf Sr—mer .
epi taxi al layer (single-crystal Si layer) fornpdBh*t Hé 4foSHBET
formed. The epitaxial |ayer had an al nost uniflorim thickness
surface. A cantilever structure of single-crydtdl 59'%'; 2§-9f

shown in Fig. 2C, by partially renovingishe egitlaxial 'l f ( gl e-crystal
Si layer) in advance.:- The sane result aS desciHi e 10

obtai ned by the apparatus shown in Fig. 5 6, |Jor 9. (Exanple 3)}JA first
single-crystal Si substrate was prepared. The surface tayet anodi zed in
a HF solution to form

in the step shown in Fig. 1B, the preprocess solution

udi ng t he

| ayer was
tthe 5 entire
d, as

203 is replaced with the etchant 204. In this
specification, "replacement" also includes a case
wherein ions (e.g., fluorine or hydrogen ions) in the
5 etchant (e.g., fluoric acid) 204 diffuse in the
preprocess solution (e.g., water) 203 to fill 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
10 preprocess solution 203 can be quickly replaced with the
etchant 204.
As described above, when the pores in the porous
layer 202 are filled with the preprocess solution 203,
and then, the preprocess solution 203 is replaced with
15 the etchaﬁt 204, the pores in the porous layer 202 can
be quickly filled with the etchant. Consequently, an
etching variation due to variaﬁion in filling time can
be suppressed.
In Fig. 1C, the pores in the porous layer 202 grdw
20 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.
The porous layer starts to break as soon as the
25 pore walls have a predetermined thickness. Since the

porous layer breaks first at thin portions, the surface



a porous Si |ayer. The anodi zing conditions were as 15 follows. Current
density: .7 (m¥cnferr]) Anodizing solution:
Cerr]Herr]OH=1: 1 : 1 Tine: 1
| ayer: 12 ([err]m 20 This substrate
atnosphere at 400[err]C for 1 hr. Uponighis ner wall of
each pore of the porous Si layer was covered {wilt gt MAR xitde film A
single-crystal Si layer having a thickness of{ @ 30 [err]m pitaxially
25 grown on the porous Si |ayer by CVD (Che Deposi tii on). The
growi ng conditions are as foll ows. '

of the underlying substrate 201 is etched in these
portions. In this case, apparently the planarity of the
substrate 201 degrades. If the underlying iayer is a
£ilm, film thickness uniformity in‘the surface or
S Dbetween substrates suffers. However, when:supply 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
10 this case, therefore, etching can be prevented from ¥
locally excessively progressing.
Even when no ultrasonic wave is supplied to the
- object to be processed, etching progresses not only in
tﬁe horizontal direction (planar direction) but also in
15. the vertical direction. However, the influence on
etching is negligible compared to the case wherein an
ultrasonic wave is supplied.
In Fig. 1D, the porous layer 202 with thin pore
walls is removed. Not only etching but also.polishing,
20 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.
When etching is applied to the step shown in fig.
1D, the steps in Figs. 1B to 1D cén be executed using
25 the same etching tank. 1In this case, in the step shown

in Fig. 1C, supply of the ultrasonic wave is temporarily



REPLACEMENT SHEET -48 - Source gas: SiHerr]d[err]/Herr] Gas

flow rate:
Tenper at ur e:

([err]mmn) Subsequently, an SiJerr] |ayer
was forned on the epitaxial Si |ayer bygther

the Sierr]

a separately prepared S

10

15

20

25

0.5/180 (1/m n) Gas pressure:
950 ([err]C) 5 G

! v 0.3
Aing a thicknegsjof 200 nm

oxQPaMARME9F hg durface of

S bonded to tRelsurface of

| ayer of the first substratre 10

stopped, and processing waits until pore walls at the
deepest portion 6f the porous layer beéoﬁe thin enough
to immediately break in the entire region ubon 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 simultaneously, 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.

The above porous layer removing méthod can be
easily applied to batch processing of a number of

substrates. More specifically, 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 sﬁép shown in Fig. 1D is executed.

This porous layer removing method is preferably
practiced while completely dipping the object to be
processed 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.

According to this porous layer removing method, by
supplying an ultrasonic wave, etching is prompted to

break the porous layer, and particles can be efficiently'



substrate (second substrate). The first substrate side was renoved by
grinding, polishing, or etching to expose the porous Si |ayer in the entire
region on the second substrate. 15 The secon tf in

t he waf er processing apparatus 100 for preprocess sh I\é ﬁvﬂgﬁ@ﬁg
waf er processing tank 110 of the wafer_qyocessing appayatus 100 for
preprocess was filled with a solution (preprocess so] uyi 8% MAR89ni ng
hydrogen peroxide in 20 advance. |In the wafer procksking apparatus 100
for preprocess, the substrate was rotated for 2 hrs,}and at the sane tine,
an ultrasonic wave near 0.25 MHz was applied to fillipares in the parous Si

| ayer with the preprocess sol utjon r epr ocess).
_y ré%oJéé) rom e%e o 9e¢£ptopbe processed.

When the porous layer is removed while changing the
relative positional felationship between the ultrasonic
source (e.g., an ultrasonic vibrator) and the object to

5 be processed and, more specifically, 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 performed in all regions of the substrate

10 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.

Application examples of the porous layer removing
method will be described below.

15 (First Apﬁlication Example)

The first 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

20 porous Si portions 402 is prepared. The Si substrate 401
is obtained by, e.g., forming a resist film on the Si
substrate, patterning the resist film by lithography,
and anodizing the resultant structure. In place of the
resist f£ilm, a patterned Si,N, filﬁ or wax may be

25 employed. As this wax, wax having fluoric acid

resistance, e.g., Apizoen wax (trade name) can be used.



25 The preprocessed substrate was set in the wafer
apparatus 100 for main process shown in -49- Figg

and pure water in advance. In the proce®si ng apparg
process, the substrate was rotated for @bout 0.5
an ultrasonic wave near 0.25 Miz was applied to fil
| ayer with the etchant.-

e tine,

poTes i n the polous S

In Fig. 2C, the porous Si portion 402 is removed.
More specifically, the substrate shown in Fig. 2B is set
in a processing tank filled with the preprocess solution
(e.g., pure water) to £fill pores in the porous Si
S portion 402 with the preprocess solution. At this time,
'to shorten the filling time, an ultrasonic wave is
preferably supplied to the substrate.
Subsequently, the substrate in which the pores in
the porous Si portion 402 are filled with the preprocess

10 solution is set in an etching tank filled with an
etchant (e.g., fluoric 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

15 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.

20 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 sufficiently thinned,

25 an underlying non-porous layer (pattern) 403 can be seen

through the porous Si portions 402.



The operation of the ultrasonic source 131 was 10 stopped, and the

substrate was left to stand in the wafer processing
hr. Wth this process, the pore walls of the porous
ultrasonic source 131 was operated again for about &
renove the porous Si layer. At 15 thiggtime, when
appropriately circulated, as shown in Firgr 10, surf3
processed substrate increases. One wafer processing
for both the preprocess and the nmain process. In th
etchant can be prepared by adding fluoric acid to th

contai ni ng hydr ogenrpesid da tie RO RRali A1 hCpBPERL Ss Sipd ARInPTed 1 ed

W th

removed. To remove the porous Si portions, for example,

1) etching is performed while resupﬁlying the ultrasonic

wave, or 2) etching is performed using an etchant with

S high Si etching rate.

To leave a hard structure, the porous Si portions

may be removed by a jet of water.

When the entire Si substrate 401 is made of porous

Si, only the non-porous layer formed on the substrate

10 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.

(Second Application Example)

The second application example is associated with a

15 semiconducﬁor substrate manufacturing method. Figs. 32

to 3F show the semiconductor substrate manufacturing

method of this application example. In Fig. 3A, a first

single-crystal Si substrate 501 is prepared, and a

porous Si layer 502 is formed on one surface of the

20 first single-crystal Si substrate 501. fIn 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

25 semiconductor layer, or a superconductor layer is

suitable. As the non-porous layer 503,'a layer including



the preprocess solution such as a solution containing hydrogen peroxide to

oxide the pore walls prior to the 25 nmain process ( | )
the porous Si layer can be easily filled with the etfc ‘ﬁLMgiﬂ%Eiﬁﬁ.

- 50 - acid. The preprocess solution may {bd a sol uti on hgvi
oxi dation function. The etchant fillingagtine is shorft énegyeMRR VY9 af
an ultrasonic wave, rotating the substrate, or 5 cifyculating the pr
As descri bed above, after the pores in the rousS

fluoric

sol uti on.
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a device structure such as a MOSFET may be f&rmed. An
SiO,llayer 504 is preferably formea on the surface layer,
thus:completing the first substrate. This SiO, layer 504
is useful because when the first substrate is bonded to
a second substrate 505, the interface states of the
bonding interface can be separated from the active
layer.

Subsequently, as shown in Fig. 3D, the separately
prépa:ed second substrate 505 is brought into contact
with the first substrate shown in Fig. 3C at room
temperature via the Si0, layer 504. After this, anode
bonding, pressing, a heat treatment as needed, or a
combination thereof is performed to firmly bond the
substrates.

When.a single-crystal Si layer is formed as the
non-porous layer 503, the first substrate is preferably
bondgd to the second substrate 505 after the SiO; layer
504 is formed on the surface of the single-crystal Si
layer by, e.g., thermal oxidation. _

As the second substrate 505, an Si substrate, a
substrate obtained by forming an SiO, 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 flat surface to be
bonded.



Si layer are filled with the preprocess solution, an ultrasonic wave is
applied to the etchant while circulating the etchag poenl)

preprocess 10 solution i's replaced wi'th the etqq
substrate. Wth this operation, pores in the poriptyg

ul trasonic wave is stopped, and the subStrate is

appropriate tine. Wth this process, for each of
wall's in the porous Si |layer can be sufficiently
region on the surface. By applying the ultrasoni d s; state,

the remai ning porous Si _|ayer can be rempved at 20 _once ﬁnifornty on the
entire region of cEig - s3BsFhews a state wherein the first substrat

and the second substrate are bonded via the Si0, layer

504. If the non-porous layer 503 or the second substrate
does not consist of Si, the $i0, layer 504 need not be
5 formed.

In bonding, an insulating thiﬁ plate may be
inserted between the first substrate and the second
substrate.

In Fig. 3E, the first Si substrate 501 is removed

10 from the second substrate side at the porous Si layer
502. To remove the first substrate, the first substrate
side is discarded by grinding, polishing, or etching, or
the bonded substrate stack is separated into the first
substrate side and the second substrate at the porous Si

15 layer 502.

In Fig. 3F, the porous Si layer 502 remaining on
the surface on the second substrate side is removed.
More specifically, the second substrate side shown in
Fig. 3E is set in a processing tank filled with the

20 preprocess solution to £ill pores in the porous Si layer
502 with the preprocess solution. At this time, to
shorten the filling time, an ultrasonic wave is
preferably supplied to the substrate. As the preprocess
solution, not only pure water but élso a solﬁtion

25 containing hydrogen peroxide, nitric acid, or

hydrochloric acid having an oxidation function can be



The sane result as descri bed above coul d be obtained by the apparatus shown

in Fig. 5 6,

or 9. Even when one of the follow ng nethods is enpl oyed

i nstead of the nmethod of applying an ultrasonic wave 25 again after
application of the ultrasonic wave is stopped, thegT Q ISi
o et RN E ST

| ayer can be renoved wi th high quakiBy. (1) The

I’JLCT reis

di ppedin a m xed solution of fluoric acid, hydroggnjperoxide, an re
wat er for about 5 sec to renove the porous |layer. 5 MAR1999r ous| S

| ayer is renoved by polishing.
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used.

Subsequently, the substrate in which the pores in
the.porous Si layer 502 are filled with the preprocess
solution is set in an etching tank filled with an
etchant. The preprbcess solution in théhpores in the
porous Si layer 502 is replaced with the etchant to etch
the pore walls in the porous Si layér 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 pfeprocess solution
is replaced with the etchant. As the etchant, fluoric
acid can be used.

In this etching process,.the pore walls in the
porous Si iayer 502 gradually thin. The color of porous
Si layer 502 also gradually becomes lighter when viewed
from the surface. When the pore walls have sufficiently
thinned, the underlying non-porous layer (e.g., a
single-crystal Si layer) 503 can be seen through the
porous Si layer 502. |

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 p;rous Si layer 502 is removed

by a water jet, 4) the porous Si layer 502 is polished,



(3) The porous Si layer is renoved by scrubbing. (4) The porous .Si |ayer is
renoved by scanning the substrate while spraying a water jet at a pressure
of, e.g., 1,000 kg/cnferr]. 10 In the step of renoving.the porous S

| ayer, the single-crystal Si |ayer functioned as an ¢tgg " gﬁyer~—eﬁ t he
porous Si | ayer was selectively etched_ggd conpl et el §§#§@J§5 ﬁ%fgfc,ing
rate of the non-porous Si single 15 crystal for the}apove etchant is very
low. The selectivity ratio of the etching rate of thel nG/% MAROs gSi single
crystal to that of the porous layer is 10[err] or e} The etchi hg anount

of the non-porous |ayer (about several ten A) is alljowable torpraeti cal
use.

or 5) scrubbing is performed.
Fig. 3F is a view schematically showing a

semiconductor substrate (SOI substrate) obtained by the

above method. The non-porous layer (e.g., a single-

5 crystal Si layer) 503 with a flat surface and uniform
film thickness is formed on the second substrate 505 via
the insulating layer (e.g., an Sio, layer) 504.
According to this method, a large-area semiconductor
substrate having high quality can be manufactured.

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

When the bonded substrate stack shown in Fig. 3D is

15 div;ded aﬁ-the porous Si layer 502, the first substrate
can be reused after the porous Si layer 502 remaining on
the first substrate 501 is removed, and the surface is
planarized, as needed.

Specific examples of a wafer processing apparatus

20 suitable to remove a porous layer will be listed below.

Wafer processing apparatuses to be described below
can be used for both of the step (preprocess) of filling
pores in the porous layer with the preprocess solution
and the step (main process) of replacing the preprocess

25 solution with the etchant to perform etching. One wafer

processing apparatus may be used for both of the



20 Wth the above process, an SO substrate having a 0.2-pmthick

single-crystal Si layer on the Si oxide fil mua .
the resultant single- crystal Si layer was aBHﬁ@@EHENIdﬁﬁﬁBi

entire surface. The thickness was 201 nm [ enr Jr—2—Tm
resultant structure was subjected to a isat frgat dfo
1,100[err]Cfor 1 hr, and the -52- surfacg no dgﬁﬂ@?%qﬂgy PV
an atom c force mcroscope. The nean square roughness—iha—5d|
area was about 0.2 nm This nearly equals th3t of a

hi ckness of
Nts on the
The

jen at

bl uated with
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preprocess and the main process by exchanging the

process solution. Alternatively, a wafer processing

apparatus for the preprocess and that for the main
process may be separately prepared.

5 (First Arrangement of Processing Apparatus)

Fig. 4 is a perspective view showing the schematic

arrangement of a wafer processing apparatus suitable to

remove a porous layer.

In a wafer processing apparatus 100, members which

10 may come into contact with the process solution are

preferably made of silica glass or a plastic in

accordance with their applicatioh purposes. As the

plastic, a fluoroplastic, vinyi chloride, polyethylene,

polypropylene, polybutylene terephthalate (PBT), or

15 polyether ether ketone (PEEK) can be used. As the

fluoroplastic, PVDF, PFA, or PTFE is suitable.

The wafer processing apparatus 100 comprises a

wafer processing tank 110, an overflow tank 120, an

ultrasonic tank 130, and a wafer rotating mechanism (111

20 to 119) for supporting wafers 140 while iotating them.

Before processing wafers, the wafer_proéessing tank

110 is filled with a process solution (preprocess

solution or etchant). The overflow tank 120 for

temporarily storing the process solution overflowing

25 from the wafer processing tank 110 is mounted on the

upper portion around the wafer processing tank 110

to



commercially available Si wafer. 5 Section observation with a
transm ssion el ectron m croscope reveal ed that no 2& L tat—defecl.S
formed in the single-crystal Si |ayer, and satisfa t__§ 9@%HI$HEEH ;

mai nt ai ned. The sanme result as descri bed above was jolyt ai ned TO &

the oxide film(Sigerr]) was formed noggon the suff CEO?W]'?WI a<
| ayer but on the surface of the second Substrate o n bot €se pur
A satisfactory result was obtai ned even when a traps ' L e
silica glass or the like was 15 wused as the seconfl_substrate. 1In th

wer e
was

n{when

i al

f aces.
of

S

case, however, since a slip may be forned in the single-crystar—Srtayer

due to sone dlfferengg |n thernmal expansi,on
SUrTrourn e process solution temporarily stored in

the overflow tank 120 is discharged from the bottom
portion of the overflow tank 120 to a circulator 121
through a discharge pipe 12la. The circulator 121

5 filters the discharged process solution to remove
particles and sends the process solution to the bottpm
portion of the wafer processing tank 110 through a |
supply pipe 121b. With this arrangement, particles in
the wafer processing tank 110 are efficiently removed.

10 The wafer processing tank 110 preferably has a
depth with which the wafers 140 can be completely
immersed. With this arrangement, particles in the air or
near the liquid surféce can be prevented from adhering
to the wafers 140.

15 The ultrasonic tank 130 is located under the wafer

. processing tank 110. Inside the ultrasonic tank 130, an

ultrasonic source 131 is supported by an adjustment
mechanism 132. The adjustment mechanism 132 has, as
mechanisms for adjusting the relative positional

20 relationship between the ultrasonic source 131 and the
wafer processing tank 110 has a mechanism, a mechanism
for adjusting the vertical position of the ultrasonic
source 131 and a mechanism for adjusting the horizontal
position. With this mechanism, the ultrasonic wave to be

25 sﬁpplied into the wafer processing tank 110 and, more

specifically, to the wafers 140 can be optimized. The



coefficient between silica glass and the single-crystal

Si

| ayer, the

tenperature of the heat treatnent in 20 hydrogen.was—deeteaser from
1,100[err]C to 1,000[err]C or |ess. (Exanple|4Rem ACEMENT SHEESt [ ate was
subj ected to two-step anodi zing in an HF sol t ifor~to~T0rm { W por ous

| ayers. The anodi zi ng conditions were-23%-fol ljous. A@Qyi;ing of First
Step> Current density: 7 (mMdcnferT]) -53-0§ﬁ@6?2|ng goljuti on:
Herr]O: derr]Herr]OH=1: 1 : 1 '
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ultrasonic source 131 preferably has a function of
adjusting the frequency or strength of the generated
ultrasonic wave. With this arrangement, supply of an
ultrasonic wave can be further optimized. By imparting
the function of optimizing supply of an ultrasonic wavé
to the wafers 140, the ultrasonic wave can be supplied
individually to a variety of types of wafers. The.
ultrasonic tank 130 is filled with an ultrasonic
transmission medium (e.g., water), so the ultrasonic
wave is transmitted to the wafer processing tank 110
th?ough_the ultrasonic transmission medium.

The wafer processing apparatus 100 has a control
section for ON/OFF—controlliné the ultrasonic source
131. With this control section, porous layer removing
processiné-can be controlled.

The wafers 140 are held to be almost perpendicular
to the bottom surface of the wafer processing tank 110
by four wafer rotary rods 111 each having grooves llla
engaging with the wafers 140.  The wafer rotary rods 111
have a function of supporting the wafers 140 while
rotating them and constitute part of the wafer rotating
mechanism. Each wafer rotary rod 111 is pivotally
supported by a pair of rod support members 118 opposite
to each other, so the wafer rotary rods 111 rotate in
the same direction upon receiving a driving torque

generated by a motor 119. Each wafer rotary rod 111



Ti nme:

I J. I T .
<Anodi zi ng of Second Step> 5 Current density: REPLACﬁMENMHéE[(e r])
Anodi zing solution: HF : Herr]O: (err]Herr]OH % :

5 (mn) Thickness of porous Si | aye T ) o )

110 (sec) Thickness of porous Si layer: 3 ([err]n {Sub

substrate was oxidized in an 10 oxygepsatnosphere}af 400[err]Tfof
Upon this oxidation, the inner wall of éach pore of '

1 0 T TIrme

this

| ayer was

covered with a thermal oxide film A single- crystél Si |ayer havingl a
thi ckness of 0.15 [err]mwas epitaxially grown on the porous S
CVD 15 (Chem cal Vapor Deposition). The growing conditions were
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preferably has a small diameter not to impede

transmission of the ultrasonic wave.

= by

The number of wafer rotary rods 111l is preferably

as small as possible. To ensure a desired frictional
force with respect to the wafers 140, preferably, two

wafer rotary rods 11l for limiting movement in the

rolling direction (X-axis direction) of the wafers 140,

and two wafer rotary rods 111 for supporting the wafers

140 from the lower side are provided. When two wafer

rotary rods 111l are disposed at. an appropriate interval

below the wafers, the driving torque can be efficiently

transmitted to the wafers having an orientation flat.
only one wafer rotary rod 111 is placed below the

wafers, and the orientation flat is positioned above

If

this wafer rotary rod 111, the wafers cannot be rotated

by the wafer rotarvy rod 1ll.

Normally, a standing wave, i.e., an ultrasonic wave

having a high-strength portion and a low-strength
portion is formed between the bottom surface of the

wafer processing tank 110 and the liquid surface.

However, since this wafer processing apparatus 100 can

process the wafers 140 while rotating them,

nonuniformity in processing due to the standing wave can

be reduced.

In the wafer processing apparatus 100, the number

of members on the bottom portion of the wafer processing



as follows. Source gas: SiHerr]CJ[err]/Herr] Gas flow rate:

0.5/180 (1/m n) Gas pressure: 80 (Torr) 20

950 ([err]C Gowh rate: 0.3 ([err]mmn) A{RE[&JACEMENT SHEEE
| ayer having a thickness of 100 nmwas forned on the rtaxtar St | a
t hermal oxidation. 25 The surfagg.of the Si l

substrate was bonded to the surface of Ta separ at el
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tank 110 or araund the wafers 140 is decfeased as small
as possible. For this reason, the ultrasonic wave can be
efficiently and uniformly supplied to the wafers 140. In
addition, with this arrangement, siﬂce the process
solution can freely flow around the wafers 140, the
wafers can be uniformly processed, and processing
defects can be prevented.

(Second Arrangement of Wafer Processing Apparatus)

Fig. 5 is a view showing the schematic afréngement
of a wafer processing apparatus suitable_to remove a
porous layer. |

In a wafer processing apparatus 10,.members which
may come into contact with the process sqlution are
preferably made of silica glass or a plastic in
accordance-with their application purposeé. As the
plastic, a fluoroplastic, vinyl chloride,:polyethylene,
polypropylene, polybutylene terephthalate (PBT), or
polyether ether_ketone (PEEK) can be used. As the
fluoroplastic, PVDF, PFA, or PTFE is suitable.

The wafer processing apparatus 10 thprises a wafer
processing tank 11, and a holder drivingzmechanism 31
for swinging a wafer holder 21 in the waﬁér processing
tank 11. The wafer proéessing apparatus3io preferably
has an ultrasonic tank 61.

Before processing wafers, the wafer7§rocessing tank

11 is filled with a process solution (preprocess



-54- substrate (second substrate). The bonded substrate stack was divi ded
into two substrates by the porous Si |ayer fornmed at a current d Lty of
30 mA cnjerr] (anodi zi ng of second step) to expos u tayer on
the entire surface on the second substrate side. Lﬁﬂﬁﬂﬁﬁ QHéﬁh d
substrate stack, the substrates are negganically ed, tw sted, lor
pressed, a medge Is driven into the bormded substrage SU&CMARFWG9bcn ed
substrate stack is oxidized fromthe 10 end face tp peel the substh
thermal stress is used, an ultrasonic wave is appl fel™or—a water je
injected into the bonded substrate stack. The resufftant subsirate-st+tucture

was set in thejution or etchant). The wafer processing tank 11 has a

four-side overflow tank 12. The process solution is
supplied by a circulator 71 with a filter ffom the
bottom portion of the wafer processing tank 11 into the
S wafer processing tank 11. The process solution
overflowinglfrom the wafer processing tank 11 is stored
in the four-side overflow tank 12 and discharged from
the bottom portion of the four-side overflow tank 12 to
the circulator 71. In this wafer processing apparatus

10 10, the wafer holder 21 is swung by the holder driving
mechanism 31, and simultaneously, the process solution
is stirred. For this reason, the circulating system
including thé four-side overflow tank 12 is very useful .
to maintain a constant liquid surface of the process

15 solution.

As the wafer holder 21, a commercially available
product can be used. The wafer holder 21 is preferably
made of silica glass or a plastic. As the plastic, a
fluoroplastic, vinyl chloride, polyethylene,

20 ©polypropylene, polybutylene terephthalate (PBT), or
polyether ether ketone (PEEK) can be used. As the
fluoroplastic, PVDF, PFA, or PTFE is suitable.

The holder driving mechanism 31 has a pair of
holding portions 3la for holding the wafer holder 21.

25 The wafer holder 21 is held by the pair of holding

portion 3la and dipped in the wafer processing tank 11.



waf er processing apparatus 100 for preprocess shown in 15 Fig. 4. The wafer
processing tank 110 of the wafer processing app
was filled with a solution (preprocess solution
peroxi de in advance. In the wafer processing ap
the substrate was rotated for 20 appe@ximately hgo Mqﬁd@g t

time, an ultrasonic wave near 0.25 VMHz Was appl]ef to Ti rastin the
porous Si layer with the preprocess solution (p process%v—lheﬁpreprocessed
substrate was set in the wafer 25 processing apparatus 100 for i n process
shown in Fig. 4. The wafer processing tank 110 of the wWarer '

Desired processing can be performed for a wafer 40 while

atus 100 TOrrieprocess,
shd same

D

swinging the wafer holder 21 in the wafer processing
tank 11. The holder driving mechanism 31 has a function
of conveying the wafer holder 21 storing wafers 40 which
5 have been processed in the preceding step to the wafer
processing tank 1l or to the next step. The holder |
driving mechanism 31 also has a function as part of the
wafer processing apparatus 10.
In this embodiment, the holding portions 31la hold
10 the wafer holder 21, so the wafer 40 is indirectly held.
However, the holding portions 3la may be replaced with,
e.g., chuck pads to directly hold the wafer 40. The
direction in which the wafer 40 is held is not limited
to the direction perpendicular to the bottom surface of
15 the wafer brocessing tank 11 and may be paréllel to the
~ bottom surface.

The ultrasonic tank 61 has an ultrasonic source 51
and is filled with an ultfasonic,tranémission medium
(e.g., water). The ultrasonic source 51 is fixed on an

20 adjustment mechanism 62 for adjusting the vertical
and/or horizontal position of the ultrasonic source 51.
When the positional relationship between the ultrasonic
source 51 and the wafer processing tank 11 is adjusted
by the adjustment mechanism 62, the ultrasonic wave to

25 be supplied to the wafer processing tank 11 and, more

specifically, to the wafer 40 can be optimized. The



-55- processing apparatus 100 for main process was filled with a m xed
solution (etchant) of fluoric acid, hydrogen peroxide..and pure water in

advance. In the processing apparatus 100 for main|pREPIKCEMENTESHEEBS{rate 5
was rotated for about 0.5 hrs, and at the sane tine |

. hav e
near 0.25 MHz was applied to fill poresyin the porlods hit he
etchant. Application of the ultrasoni c=wave was stjolip ubstrate
was |eft to stand in the wafer processing 10 tanl - bout....1 Hr.

Wth this process, the pore walls of the porous Si”layer'thinned.

ultrasonic source 51 pfeferably has a function of
adjusting the frequency or strength of the generated
ultrasonic wave. With this arrangement, supply of an
ultrasonic wave éan be further optimized. By imparting
5 the function of optimizing supply of an ultrasonic wave
to the wafer 40, the ultrasonic wave can be supplied
individually to a variety of types of wafers.
The wafer processing apparatus 10 has a control
~section for ON/OFF-controlling the ultrasonic source 51.
10. With this control section, porous layer removing
processing can be controlled. |
(Third Arrangement of Wafer Processing Apparatus)
Fig. 6 is a view showing the schematic arrangement
of a wafer processing apparatus'suitableito remove a
15 porous layer. Figs. 7A to 7E are views'éhowing operation
of the wafer processing apparatus shown in Fig. 6.
Fig. 8 is a perspective view of a swing assist member in
the wafer processing apparatus shown in Fig. 6.
The wafer processing tank 11 prefg#@bly has, on the
20 bottom surface, a swing assist member iﬁ%for increasing
the efficiency of swing of the wafer 40 by the holder
driving mechanism 31. The swing assisﬁ;ﬁember 13 comes

into contact with the side surface of @hg wafer 40 held

by the wafer holder 21 when the wafgr' 51der 21 moves,
25 thereby rotating and vertically moving the wafer 40 in

the wafer holder 21 by the frictional force. The swing



The ul trasonic source 131 was operated again for about 5 mn to conpletely
renmove the porous Si layer. At this time, when the etchant is appropriately
circulated, 15 as shown in Fig. 10, surface uni fiorahi Merfenh Toqessed
substrate i nproves. One wafer processing apparat slgﬂyjhe_usegﬁgé both the
preprocess and the main process. In tigs.case, tHeljetchant can b 6repared
by adding fluoric acid to the 20 preprocess solt :'-i;nﬁmlﬂﬂ!hg hjdrogen
peroxi de. When pores-in the porous Si layer are ffilfied with the preprocess

sol ution such as a sol ution containing hydrogen ’H""to oxi di ze the
pore walls prior to the main process (etching),

38 orous Si
layer 25 cagsbeseagided 117 94 Wstetéu&hﬁoe&ﬁB%eC&Yéaéﬁlf&e luoric

uniformity of the processed wafer.

It is also effective to use a driviﬁg mechanism for
verticaliy {Y-axis direction) and/or hoiizontally (X~
5 axis direction) moving the swing assist member 13. In
this case, the swing assist member 13 itself moves to
rotate the wafer 40 and vertically move the wafer 40 in
the wafer holder 21. Therefore, the ran§§ in which the
holdgr driving mechanism 31 moves the wafer holder 21
10 can be made small. In other words, the wafer processing
tank 11 can be made compact. |
The ultrasonic tank 61 has the ultrésonic source 51
and is filled with an ultrasonic transmiséion medium
(e.g., water). The ultrasonic source 51 is fixed on the
15 adjustment.mechanism 62 for adjusting the;vertical
and/or horizontal position of the ultrasénic source 51.
When the positional relationship between the ultrasonic
source 51 and the wafer processing tankyi;,is adjusted
by the adjustment mechanism 62, the ultfgéonic wave to
20 Ye supplied to the wafer processing tanﬁfil and, more
specifically, to the wafer 40 can be opti@ized.. The
ultrasonic source 51 preferably has a fuéétion of
adjusting the frequency or strength of ﬁﬁé geperated
ultrasonic wave. With this arrangementﬁsgupply of an
25 ultrasonic wave can be further optlmlzed " By imparting

the function of optimizing supply of an ultrasonlc wave



acid. The preprocess solution may be a sol ution having -56 - no

oxi dation function. The etchant filling tinme is shortened even by

an ultrasonic wave, rotating the substrate, or ci rcﬁg{&dmwlzesmc

sol uti on.

| ayer are filled with the preprocess soggiion, an uljtrasonic wave|i d
applied to the etchant while circulating the etchgnt], QEUMAR$E99tre
preprocess solution is replaced with the etchant ifle rotating the
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As descri bed above, after the gdo

_Il;\f'\l" us

pl ying
PSS
Si

to the wafer 40, the ultrasonic wave can be supplied
individually to a variety of types of wafers.

The wafer processing apparatus 10 has a control
section for ON/OFF-controlling the ultrasonic source 51.
With thié control section, porous layer removing
processing can be controlled.

Figs. 7A to 7E are views for explaining a wafer
swing mgthod. In these drawings, arrows indicate the
moving directions of the wafer holder 21. Fig. 7A shows
a state immediately before the wafer starts to be swung.
When the start of wafer swing operation is instructed,
the holder- driving mechanism 31 presses the holding
portions 3la downward under computer control, as shown
in Fig. 7B. The side surface of the wafer 40 comes into
contact with the swing assist member 13 midway this
pressing. The wafer 40 is supported by the swing assist
member 13 at its lower portion.

When the swing assist member 13 comes into contact
with the wafer 40, particles may be préduced albeit in a
small amount. To prevent thié, the distal end portion of
the swing assist member 13 is preferably R-processed, as
shown in Fig. 8, for smooth contact with the wafer 40.

The swing assist member 13 only need to.assist
swing of the wafer 40 and therefore can have a shape not
to'impede transmission of the ultrasonic wave, e.g., a

thin plate-like shape. With this arrangement, the



10 substrate. . Wth this operation, pores in the porous |ayer of the
substrate can be quickly filled with the etchant. Subsequently, application

of the ultrasonic wave is stopped, and the substiqa
an appropriate time. Wth this process, for eachjo
pore walls in the porous Si |ayer can g sufficign
region on the surface. By applying the-uttrasonif
t he remai ning porous Si | ayer can be renoved at pn
entire region of each substrate. 20 The sjane

| eft—to-siand for
RED A%EygN T SHEETr At es, the

|y -t hi nne the entire

N&QED{*‘ is state,
e unlforﬁpg n it he

above coul d be obtained by the apparatus shown iln.Eig. 5, 6, or 9/ Even
wh f the foll th d d_of TN d of
aIOS'ny?RS an b’H‘t"‘Fé%BHS-\éM Yaye can %6 ' " Lupp 1 8378 A OSAELOd ©
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40, and the wafer 40 can be uniformly processed.

In this wafer prdcessing apparatus 10, the wafer 40
is processed while changing the relative positional
relationship between the wafer 40 and the swing assist
member 13, i.e., the relative positional relationship
between the wafer 40 and the wafer processing tank 11.
For this reason, slight nonuniformity of the ultrésonic
wave due to the_swing assist member 13 poses no problem.

- When the press amount of the wafer holder 21 is
large to some extent, the contact pressure between the
wafer 40 and the swing assist member 13 can be
increased. Hence, sliding movement between the swing
assist member 13 and the wafer 40 is eliminated to
prevent opération failures. If the press amount is
small, the gravity against the wafer 40 acts more
largely on the wafer holder 21 than on the distal end
portioﬁ of the swing assist member 13. When the swing
assist member 13 having the shape of this embodiment is
used, the press amouné is preferably set to be about 30
m after the wafer 40 comes into contact with the swing
assist member 13.

When the operation of pressing the wafer holder 21
is ended, the holder driving mechanism 31 moves the
holding portions 3la to the right (positive X-axis

direction) under computer control, as shown in Fig. 7C.



after application of the ultrasonic wave is stopgde £p . i Ng
porous Si | ayer can be renoved with high quality. = : ai HEERe
resultant structure is dipped in a mxed solution ¢f fluoric acid, { hydrogen
peroxide, and pure water for about 5 sec to renoye it @9MaARYg9d ayef. (2)
The porous Si |ayer is renoved by poli.ggi.ng. 5 ($) The porous S| |ayer
is removed by scrubbing. (4) The porous—Si |ayer{is Tenoved—by-scanni ng the
substrate while spraying a water jet at a pressu of . :

The wafer 40 substantially horizontally'ﬁoves to the
right (positive X-axis direction) in the wafer
processing tank 11 while rotating clockwise. The moving
amount of the holding portions 3la must be set within

5 the range in which the holding portions 3la do not
collide against the lower opening portion of the wafer
holdef 21.

When movement of the wafer holder 21 to the right

(positive X-axis direction) is ended, the hblder driving

16 mechanism 31 moves the holding portions 3la upward underxr
computer éontrol, as shown in Fig. 7D. The moving amount
of the holding portions 3la is preferably set within the
range in which the wafer 40 does not come close to a
liquid surface 14 of the process solution. If the wafer

15 40 comes close to the liquid surface 14, particles may
adhere to the surface of the wafer 40.

When upward movement of the wafer holder 21 is
ended, the holder driving mechanism 31 moves the holding
portions 3la to the left (negative X-axis direction)

20 under computer control, as shown in Fig. 7E, so the
initial state is restored (Fig. 73a).

By repeating the above operation (Fig._?A - Fig.
7B — Fig. 7C — Fig. 7D —> Fig. 7E), the wafer 40 can be
appropriately swung and uniformly processed.

25 According to the wafer processing apparatus 10,

since the wafer 40 is swung in the region where supply



e.g., 1,000 kg/cnferr]. In the step of removing the.porous Si_|ayer, the 10
single-crystal Si layer functioned as an etch stop IREF{ACE@@N r$$q% us Si

| ayer was selectively etched and conpletely renoved. e n te of

t he non-porous Si single crystal for the above etclapt is very low [The 15
selectivity ratio of the etching rate off7the non-pér pu i MAR 999 Er) st al
to that of the porous layer is 10[err] ©Or nore. Th ching amountj of the
non- porous | ayer (about several ten A) is allowablp for practical use. Wth
t he above process, an SO substrate having a 20 O2~fewrJan-thick
single-crystal Si layer on the Si oxide filmwas forned The thi ckness of
the resul tant ofi agl eltrasonic wave is optimized by adjusting the

ultrasonic tank 61, the ultrasonic wave acting on the
wafer 40 can be optimized.
As is known, the standing wave of an ultrasonic
5 wave has antinodes and nodes at a predetermined
interval. Therefore, it is difficult to uniform .the
ultrasonic wave in the wafer processing tank 11.
However, in this wafer processing apparatus 10,
processing for the wafer 40 can be uniformed

10 independently of the nonuniform strength distribution of
the ultrasonic wave because the holder driving mechanism
31 swings the wafer 40. Even when the wafer 40 is simply
moved only in the horizontal direction, vertical
direction, or obligue directibn, processing for the

15 wafer 40 can be uniformed. When the wafer 40 is also
swung in the axial direction (Z-axis direction),
nonuniformity in processing between wafers due to the
high-stréngth portion of the ultrasonic wave in the
horizontal plane can also be corrected.

20 Since the wafer processing apparatus 10 has the
swing assist member 13, the swing amount of the wafer 40
can be efficiently increased. The fixed position of the
swing assist member 13 is not limited to the bottom
portion of the wafer processing tank 11; As far as the

25 swing assist member 13 can contact all wafers 40 in the

wafer holder 21, the swing assist member 13 may be fixed



crystal Si

| ayer was measured at 100 points on the entire surface. The
t hi ckness was 101 nm 3 nm The resultant structure._was..
25 treatnent
roughness was evaluated with an atomc force - p8p=~mM cr oscope:]
mean square roughness in a 5-[err]msqugge area wa$. bﬂﬂﬁgﬁgfﬁ@ﬁ' Thy s
nearly equals that of a cormercially avarlable Si i

observation with a transm ssion electron 5 n1crosc>p_ revealed. th

in hydrogen at 1,100[err]C for 1 hr,1{agd :the:sNF SHEET

crystal defects were i _f
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on the inner wall of the wafer processing tank 11 or on
the holder driving mechanism 31 (in this case, a
mechanism for changing the relative positional
relationship between the holding portioﬁs 31a and the
swing assist member 13 is required).

In addition, according to the wafer processing
apparatus 10, since no driving mechanism is present in
the wafer processing tank 11, particles are not produced
due to operation of the drivipg mechanism.

(Fourth Arrangement of Wafer Processing Apparatus)

Fig. 9 is a view showing the schematic arrangement
of a wafer processing apparatus suitabie to remove a
porous layer.

In a wafer processing apparatus 300, the wafer 40
is held almost parallel to the bottom surface of the
wafer processing tank 11 (i.e., almost parallel to the
vibration plane of the ultrasonic wave) and completely
dipped in the process solution (preprocess solution or
etchant) in the wafer pfocessing tank 11, and in this
state, swung by a wafer moving mechanism 80, thereby
uniformly processing the wafer 40 and prevent
contamination by particles.

The wafer moving mechanism 80 holds the wafer 40
with an arm 81 and swings the wafer 40;in the wafer
processing tank 11. The wafer 40 is pﬁéferably swung in

a direction crossing the vibration plane of the



formed in the single-crystal Si |ayer, and satisfactory crystalllnlty was
mai nt ai ned. The sane result as descri bed above mas—obtalned even when the
oxide filmwas forned not on the surface 10 of] RECLAPI t a¥i aHEETayer but on

the surface of the second substrate or on both lt hese sur f aces=—A

satisfactory result was obtained even.géen a trjars @Pe@k sﬁgibrate of
MR 55

silicaglass or the |like was used as tfie second gub

eyer, Since:

aslipmy 15 be forned in the single-crystal {Sitlayer_due tojspne
difference in thermal expansion coefficient betjwen silica glassjand the S
| ayer, the tenperature of the heat treatnent i hydrogenr—weas—dest eased from

1,100[err]C Lat%aooo
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err .l ess., .
sonic w ve [1.e., in the vertical direction) and a

direction parallel to the vibration plane (i.e., in the
horizontal direction).

In this wafer processing apparatus 300 as well,
preferably,.the wafer 40 completely dipped in the
process solution is processed. In this case, particles
can be prevented from adhering to the wafer 40 near the
interface between the process solution and gas.

According to the wafef processing apparatus 300,
the wafer 40 can be uniformly processed by swinging the
wafer 40 in the wafer processing tank 11.

(Fifth Arrangement of Wafer Processing Apparatus)

Fig. 10 is a view showing the schematic arrangement
of a wafer processing apparatus suitable to remove a
porous layér. In the wafer processing apparatuses of the
second to fourth arrangements, wafers are processed
while being swung. In a wafer processing appafatus 500
of the fifth arrangement, ﬁhe speed of flow of the
process solution (preprocess solution or etchant) is
increased instead of swinging wafers.

In the wafer processing apparatus 500, a support
portion 73 for supporting the wafer holder 21 is placed
at the lower portion of the wafer processing tank 11.
The process solution supplied from the circulator 71
spouts from spout ports 72 under the support portion 73

at a high speed. The support portion 73 has a plurality




20

epi t axi al
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t he

of opening portions. The process solution spouted from
the spout ports 72 moves upward through.the opening
portions. .

When the process solution is circﬁlated at a high
speed, the wafer 40 can be uniformly processed.

It is also effective to assemble the above-
described circulating mechanism (71 to 73) in the wafer
processing apparatus 10 shown in Fig. 5.

(Sixth Arrangement of Wafer Proceséing Apparatus)

In the above-~-described wafer processing
apparatuses, supply and nonsupply of the ultrasonic wave
to the wafer processing tank are switched by controlling
the ultrasonic source. Instead, a mechanism for
shielding the ultrasonic wave as needed;may be inserted.
between the ultrasonic source and the wéfer.

A modification of the wafer processing apparatus
shown in Fig. 5 or 6 will be described. lFigs. 11A and
11B show a modification of the wafer proeessing
apparatus shown in Fig. 5 or 6. 1In Figs@ 11A and 11B,
the overflow tank and the circulator are omitted.

The wafer processing apparatus of this modification
has shutters 91 and 92 for shieldinglthe_ultrasonic
wave, as needed, between the ultrasonicisource 51 and
the bottom surface .of the wafer processi#g tank 11. To
transmit the ultrasonic wave to the waféf_processing

tank 11, the shutters 91 and 92 are opened by a driving

Wien the porous Si layer left on the first substrate side was

selectively etched and subjected to a surface_treatnent such hydr ogen

anneal i ng or surface polishing, the substratdg _ @erFeQMEWei as the

first or second substrate. 25 Al nost th¢@gg§§nresult stdescri bed

above was obtainied even when a porousggayer {wijth a single-I|ayé¢red
S

- structure was formed by anodizing. IT-the gbdveO8xMARIE]
growi ng nethod of formng a single-jcriystal Si_|aved ¢n the

59



porous Si layer, not only CVD but al so MBE, sputterlng, 5 or_liquid phase
growi ng can be used. A single-crystal conpognd seni-condutket | ayer of GaAs-
or InP may be epitaxially grown on the porou$ & [
hi gh-frequency device such as GaAs on Si or ¢aA
substrate suitable for CElC can be 10.4anuf cturgﬁ %ﬁﬂw ¢
sel ectively etch the porous Si |ayer, & m xed 49'
and 30% hydrogen peroxide is suitable. Howeve 5 N
al so be used. Since 'the porous Si |ayer has 1p

sel ective etching is easy. (a) Fluoric acid ( '“Bﬂuflon pﬁepared by
addi ng at |e§§Et98§ ?ﬂoé”%hown), as shown in Fig. 11A. To shield the

erass (Quaftz) or a

ultrasonic wave to the wafer processing'tank 11, the

shutters 91 and 92 are closed by the driving section

(not shown), as shown in Fig. 11B. As the material of
5 the shutters 91 and 92, a material which hardly

transmits the ultrasonic wave, e.g., PFA or PTFE is

suitable.

(Seventh Arrangement of Wafer Processing Apparatus)

Figs. 12A to 12C are view; showing the schematic

10 arrangement of a wafer processing appafatus suitable to
remove a porous layer. Fig. 12A is a f;ont view, Fig.
12B is a side view, and Fig. 1C is a plan view.

In a wafer processing apparatus 700, a jet of fluid
(e.g., water) 701 is sprayed from the spray nozzle 700,

15 and the pofous layer of the wafer 40 is removed by the
sprayed fluid.

In the example shown in Figs. 12A to 12C, the spray
nozzle 700 is scanned in the Z-axis direction while
spraying the fluid 701 from the spray nozzle 700

20 perpendicularly to the wafér 40, thereby removing a
porous layer 40a on the entire surface.
(Eighth Arrangement of Wafer Processing Apparatus)

Fig. 13 is a view showing the schematic arrangement
‘'of a wafer processing apparatus suitable to remove a

25 porous layer. This wafer processing apparatus comprises

a wafer processing apparatus 100a for preprocess, a




al cohol and hydrogen peroxide to fluoric acid (c) Buffered fluoric acid 20
(d) Mxed solution prepared by adding at |east one of an al cohol and

hydr ogen peroxide to buffered fluoric acid (e)
acid and nitric acid (f) Mxed solution of fluo

acetic acid. 25 In the above exapples, t
ul trasoni c wave, the operation of the trason
st opped. However, use of shutters is also effectiye,
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wafer processing apparatus 1005 for méiﬁ.process, and a
conveyance mechanism 800 for conveying a substrate to be
processed. For example, the wafer processing apparatus
100 shown in Fig. 4 can be applied to the wafer
processing apparatus 100a for preprocess and the wafer
processing apparatus 100b for main process.

The conveyance mechanism 800 has a conveyor robot
802 horizontally movable along a horizontal shaft 804
and vertically movable along a vertical shaft 803. The
conveyor robot 802 has a plurality of substrate holding
mechanisms 801 each having a chuck portion for chucking
and holding the lower surﬁace of a substrate to be
processed.

In this wafer processing apparatus, first a
substrate-ﬁo be processed (a substrate having a pordus
layer on thé surface) is conveyed to the wafer

processing apparatus 100a for preprocess by the

-conveyance mechanism 800 and set in the wafer processing

tank. The preprocess is executed in the wafer processing
apparatus 100a.

The preprocessed substrate is conveyed to the wafer
processing apparatus 100b for main process by the
conveyance mechanism 800 and set in the wafer processing
tank. The main process is executed'in the wafer
processing appgratus 100b.

The substrate which has undergone the main process



as shown in Figs. 11A and 11B. As the porous |layer, not only a porous S

| ayer but al so a porous |ayer forned from anot her.senm conductor 5 materi al
such as GaAs or SiC, an A1203 anodi zed in oxalicf aRERIACEMERN SHEET &f I ne
particle filmgenerated by C/D is suitable. Thesp peyess-ca edsily
renoved by etching. According to the alhgve enbod anb, by shortening the
etchant filling tine for the porous |ayéer, 10 vafipt éhykﬁhWPQOQress I n
etching in the substrate surface or between subsfriltes can be suppressed,
and given filmthickness uniformty of the underjying surface |ayer can be
mai nt ai ned. I n addition, even when the thickness~e+a—porous.layer varies,

given film 154 NGRNRRRL LR PhéYwdked S-SRI Npa00EREC1bBY Ly C2N

the conveyance mechanism 800 and stored in, e.g., a

1Y%

= =3

wafer cassette.
According to this wafer processing abparatus,

5 porous layer removing processing including the
preprocess and main process can be automatically
executed.

Examples to which the above porous layer removing
method will be described below.
-10 (Example 1)

A film of a material having a HF resistance was
formed on the surface of a single-crystal Si substrate
and patterned to form'é mask pattern having an opening.
The singlé-crystal Si substrate exposed in the opening

15 portion waé anodized in an HF solution to form a porous
layer. With this process, a 50-pm thick porous layer was
formed on the single-crystal Si substrate. Subsequently,
the mask pattern was removed. Instead of forming a mask
pattern on the single-crystal Si substrate, the single-

20 crystal Si substrate may be set in a holder with which
the HF solution can contact only a region where the
porous layer is to be formed, and subjected to
anodizing.

The resultant substrate was set in the wafer
25 processing apparatus 100 for preprocess shown in Fig. 4.

The wafer processing tank 110 of the wafer processing



be mai ntained. According to the present invention, a high planarity of the
underlying |layer of the porous region can be | gl o260 The
present invention is not limted to the above jJe 'ﬁzm th_g_ﬁHEETv rious
changes and nodifications can be made within tjhg spirit and S3ope of the
present invention. Therefore, to apprige-the guijl i',.:__-9diﬂARl1gg¢cop of the
present invention, the follow ng clainE are d¢. - - 61 - 'S CLAI MED
| S: '

k

apparatus 100 for preprocess was filléd.with a solution
(preprocess solution) containing an alcohol in advance.
In the wafer processing apparatus 100.for preprocess,
the éubstrate was rotated for about 2 hré, and at the
5 same time, an ultrasonic wave near 1 MHz was applied to
fill pores in the porous Si layer with the solution
containing alcohol (preprocess).
The preprocessed substrate was set in the
processing apparatus 100 for main process shown in
10 Fig. 4. The wafer processing tank 110 of the processing
apparatus 100 for main process was filled with a mixed
solution (etchant) of fluoric acid, hydrogen peroxide,
and pure water in advance. In the processing apparatus
100 for main process, the substrate was rotated for
15 about 0.5 hrs, and at the same time, an ultrasonic wave
near 0.25 MHz was applied to £ill pores in the porous Si
layer with the étchant.
The operation of the ultrasonic source 131 was
.stbpped, and the substrate was left to stand in the
20 wafer processing tank 110 for about 1 hr. With this
process, the pore walls of the porous Si layer thinned.
Subsequently, the porous Si layer was completely
removed using the apparatus shown in Figs. 12A to 12C.
As a result, a structure having a 50-ym deep recessed
25 portion on the substrate surface was forﬁed. The porous

Si layer could be completely removed even when the



1. A porous region renoving nmethod for renoving a porous region froma

substrate having the porous region, conprising:
filling the porous region with a first process s
function or weak etching function for a porous n
step of etching the porous region usingsa second
etching function for 10 a porous material after
met hod according to claim1l, wherein said second
the first process solution filling the porous re
process solution to etch the porous region. 15

5

the first

step of

alution. having.na_etching
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o&%ra d%s%%e ultrasonic source 131 was stopped, an
then, the substrate was left to stand in the wafer
processing tank 110 for about 2 hrs, instead of using
thé apparatus shown in Figs. 12A to 12C.

The same structure as described above could be
formed using the apparatus shown in Fig. 5, 6, or 9.
(Example 2)

A film of a material having a HF resistance was
formed on the surface of a single-crystal Si substrate
and patterned to form a mask pattern having an opening.
The single-crystal Si substrate exposed in the opening |
portion was anodized in an HF solution to form a porous
layer reaching the lower surface. Then, the mask pattern
was removed. Instead of forming a mask-patte;n on the
single—cryétal Si substrate, the single-crystal Si
substrate may.be set in a holder with which the HF
solution can contact only the region where the porous
layer is to be formed, and subjected to anodizing.

Subsequently, a single-crystal Si layer having a
thickness of 1 pum was formed on the surface of the
substrate as a resultant structure by epitaxial growth.

The resultant substrate was set in the wafer
processing apbaratus 100 for preprocess shown in Fig. 4.
The wafer processing tank 110 of the wafer processing
apparatus 100 for preprocess was filled with a sqlution

(preprocess solution) containing hydrogen peroxide in




substrate to be processed essentially consists of single-crystal Si. 4.

The nmethod according to claim1 or 2, wherein said porous region
essentially consists of an Si material. 20 5. re—11e Ol f

ng to

claiml or 2, wherein said porous region is forngdBl ] F=a $ubstrate
consisting of single-crystal Si. 6. _ga met hod Jaqcor di N /' one of
clains 1 to 5, wherein said first process solutidgnic ' anges 25
pore walls in the porous region, and the second grdcess sol utionthas the

etching function not only for a porous
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advance. In the wafer processing appérétus 100 for
preprocess, the substrate was rotated for about 6 hrs,
and at the same time, an ultrasonic wave near 0.25 MHz
was applied to £fill pores in the porous.Si la&er with
the preprocess solution (preprocess).

The preprocessed substrate was set in the
processing apparatus 100 for main process shown in
Fig. 4. The wafer processing tank 110 of the processing
apparatus 100 for main process was filled with a mixed
solution (etchant) of fluoric acid, hydrogen peroxide,
and pure water in advance. In the processing apparatus
100 for main process, the substrate was rotated for
about 2 hrs, and at the same time, an ultrasonic wave
near 0.25 MHz was applied to £ill pores in the porous Si
layer with the etchant.

Apglication of the ultrasonic wave was stopped, and
the substrate was left to stand in the wafer pfocessing
tank 110 for about 2 hrs. With this process, the pore
walls of the porous Si layer thinned.

The ultrasonic source 131 was oberated again for
about 5 min to completely remove the porous Si layer.
The porous Si layer could be completely'removed even
when the operation of the ultrasonic source 131 was
stopped, and then, the substrate was left to stand in
the wafer processing tank 110 for about 4 hrs, instead

of operating the ultrasonic source 131 again.



REPLACEMENT SHEET -62 - material but also for a substance which chemcally

changes. 7.

The nmet hod according to claim6, wherein. said-fisst=process

solution has an oxidation function for the pore B RERBACEMENT SHEETpQr ous
V

regi on. 8.

The met hod according to any one of plg grein said

first process solution is water. 9. _Ifye nethod| a cgrd&gg‘ﬁgé one of
clainms 3 to 5 wherein said first process sol utipn c Ot MARS tgrial 10
dragen..peraxi de, nitric

selected fromthe group consisting of an al cohol} [

acid, and hydrochloric acid. 10. The method acco}ding to any one df clains

5to 9,
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With the above process, a single-crystal Si
membrane including the epitaxial layer (single-crystal
Si layer) formed on the porous Si layer was formed. The
epitaxial layer had an almost uniform thickness on the
entire surface. |

A cantilever structure of single-crystal Si may be
formed, as shown in Fig. 2C, by pértially removing the
epitaxial layer (éingle-crystal Si layer) in advance.

The same result as described above could be
obtained by the apparatus shown in Fig. 5, 6, or 9.
(Example 3)

A first single-crystal Si substrate was prepared.
The surface.layer was anodized in a HF solution to form
a porous Si layer. The anodizing conditions were as
follows.

Current density: 7 (mA/cm?)

Anodizing solution: HF : H,0 : C,HOH = 1 s 1:1

Time: 11 (min) |

Thickness of porous Si layer: 12 (um)

This substrate was then oxidized in an oxygen
atmosphere at 400°C for 1 hr. Upon this oxidation, the
inner wall of each pore of the porous Si layer was
covered with a thermal oxide film. A single-crystal Si
layer having a thickness of 0.30 jim was epitaxially
grown on the porous Si layer by CVD (Chemical Vapor

Deposition). The growing conditions are as follows.



wherein said second process solution contains fluoric acid. 15 11. The
nmet hod according to any one of clains 5 to 6, wherein said second process
solution is a nmaterial selected fromthe group consi 14 )“Eﬂ%fﬂed
sol ution prepared by adding at | east one of an al coh Iégﬁ _“wgé
peroxide to fluoric acid, 20 (b) a_ggxed solutionfof fluoric-acid and
nitricacid, and (c) a m xed solution of fluoric acif,| nQ9 MaARa®99, and
acetic acid. 12. The method according to any one ofjclains 1 to 11, 25
wherein an ultrasonic wave is supplied to the substrht ' | east
part of an overall period of execution

Source gas: SiH,Cl,/H, .
Gas flow rate: 0.5/180 (1/min)
Gas pressure: 80 (Torr)
Temperature: 950 (°C)

5 Growth rate: 0.3 (Mm/min)

Subsequently, an Si0O, layer having a thickness of
200 nmm was formed on the epitéxial Si layer by thermal
oxidation.

The surface of the Si0, layer of the first substrate

10 was bonded to the surface of a separately prepared Si
substrate (second substrate).

The first substrate side was removed by grinding,
polishing, or etching to expose the porous Si layer in
the entire region on the second substrate.

15 The second substrate was set in the wafer
processing apparatus 100 for preprocesé shown in Fig. 4.
The wafer processing tank 110 of the wafer pfocessing
apparatus 100 for preprocess was filled with a solution
(preprocess solution) containing hydrogen peroxide in

20 advance. In the wafer processing apparatus 100 for
preprocess, the substrate was rotated for 2 hrs, and at
the same time, an ultrasonic wave near 0.25 MHz was
applied to £ill pores in the porous Si layer with the
preprocess solution (preprocess).

25 The preprocessed substrate was set in the wafer

processing apparatus 100 for main process shown in



of the first and second steps.
clains 1 to 11, wherein said first stepconprises s

13. The method according to any one of

wave to the substrate. 5 14. The method accordind REPLASEMENT SHERT 4i s 1

| east part of an overall period of exeggtlion of th
nmet hod ‘according to any one of clains T"to 11, 10 \
wave is supplied to the substrate during at |east.

of execution
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Fig. 4. The wafer processing tank llO_offthe processing
apparatus 100 for main process was filled?with a mixed
solution (etchant) of fluoric acid, hyd:qgen peroxide,
and pure water in advance. In the processing apparatus
100 for main process, the substrate was_fotated for
about 0.5 hrs, and at the same time, anfﬁitrasonic wave
near 0.25 MHz was applied to fill pores ih the porous Si
layer with the etchant. |

The operation of the ultrasonic soqrce 131 was
stopped, and the substrate was ieft to sﬁand in the
wafer processing tank 110 for about 1 hr. With this
process, the pore walls of the porous Siflayer thinned.

The ultrasonic source 131 was opera;ed again for
about 5 min to completely remove the porous Si layer; At
this time, when the etchant is appropriatély circulated,
as shown in Fig. 10, surface uniformity 6f the processed
substrate increéses. |

One wafer processing épparatus may #g used for both
the preprocess and the main process. Inﬁghis case, the
etchant can be prepared by adding fluori;facid to the
preprocess solution containing hydrogen ééroxide.

When pores in the porous Si iayer afé filled with
the preprocess solution such as a solutiéﬁ containing

hydrogen peroxide to oxide the pore walls prlor to the

main process (etching), the pores in thegporous Si layer

can be easily filled with the etchant congalnlng fluoric

ndr SR WARTPag cooni

peri od



of the second step, in which the first process solution filling the porous
region is replaced with the second process solution, .15 16 The t hod
according to any one of claims 1 to 11, wherein sal cRepeROFMENT SHEE NPT i ses
the steps of: etching the porous regi on w thout su_pthﬁg—aﬂymurtrasonlc
wave to the substrate until the pore wagds in the pof b r g gﬁphave not
nore than a predeterm ned 20 thickness;™and etchin egion
remai ning on the substrate while supplying an ultr s@nlc wave to the
substrate, thereby renoving the porous region. 17.}The nethod. according to

any one of clainms 1 to 11, 25 wherein said second 1 -t he steps
of :

" acid. The preprocess solution may be a solution having
no oxidation function. |
‘The etchant filling time is shortened even by
applying an ultrasonic wave, rotating the substrate, or
5 circqlating the process solution.
‘As described above, after the'pores in the porous
Si layer are filled with the preprocess solution, an
ultrasonic wave is applied to the etchant while
circﬁlating the etchant, and also, the preprocess
10 solution is replaced with the etchant while rotating the
substrate. With this operation, pores in the porous
layer of the substrate can be quickly filled with the
etchant. Subsequently, application of the ultrasonic
wave is stopped, and the substrate is left to stand for
15 an aﬁprqpriate time. With this process, for each of all
. subsﬁrates, the pore walls in the porous Si layer can be
sufficiently thinned in the entire region on the
surface. By applying the ultrasonic wave again in this
étate, the remaining porous Si layer can be removed at
20 once uniﬁormly on the entire region of each substrate.
| The same result as described above could be
obtained by the apparatus shown in Fig. 5, 6, or 9.
Even when one of the following methods is employed
instead of the method of applying an ultrasonic wave
25 again after application of the ultrasonic wave is

stopped, the remaining porous Si layer can be :emoved



replacing the first process solution filling the -64 - porous region
with the second process solution while supplying go.ultrasonic wave to the
substrate; etching the porous region wthout suppliy; I | c wave
to the substrate until the pore walls in 5 the p rggqﬁfggégéj%ﬁﬁé Lot mor e
t han a predeterm ned thickness; and et.gji.ng the pprpus region T&hmihi ng on
the substrate while supplying an ultrasenic wave t Q9 mRSWt , it hereby
renovi ng the porous region.

with high quality.
(1) The resultant structure is dipped in a mixed
solution of fluoric acid, hydrogen peroxide; and pure
water for about 5 séc to remove the porous layer.

5 (2) The porous Si layer is removed by polishing.
(3) The porous Si layer is removed by scrubbing.
(4) The porous Si layer is removed by scanning the
substrate while spraying a water jet at a pressure of,
e.g., 1,000 kg/cm’.

10 In the step of removing the porous Si layer, the
single-crystal Si layer functioned as an etch stop
layer, so the porous Si layer was selectively etched and
completely removed. .

The etchipg rate of the non-porous Si single

15 crystal for the above etchant is very low. The
selectivity ratio of the etching rate of the non-porous
Si single crystal to that of the porous layer is 10° or
more. The etching amount of the non-porous layer (about
several ten A). is allowable for practical use.

20 with the-ébove process, an SOI substrate having a
0.2-pm thick single-crystal Si layer on the Si oxide
film was formed. The thickness of the resultant single-
crystal Si layer was measured at 100 points on the
éntire surface. The thickness was 201 nm * 4 nm.

25 The resultant structureé was subjected to a heat

treatment in hydrogen at 1,100°C for 1 hr, and the



10 18. The nethod according to any one of clains 1 to 15 further
conprising, after the second step, the third step of fe | tre—per
region renmai ning on the substrate. 19. The nethod acfo 'H:lEMEWTcISHFFﬁ 18,
wherein said 15 third step conprises renoving the pprpus region renmaining
on the substrate using an etchant. 20..she nethod ac dOnthR-gbg|n119,
wherein-said third step conprises renowvtng the poroug rjegi on renai hing on
the substrate using the etchant while 20 supplying tjhe UrtTasem-c wave to
the substrate. 21. The nethod according to claim19 20, wherein said
second and third steps are executed while dipping the substrate to0 bte

processed in é&?%&égniéﬂdHEQEE-was evaluated with an atomic force

microscope. The mean square roughness in a 5-um square

area was about 0.2 nm. This nearly equals that of a
commércially available Si wafer.

S Section observation with a transmission electron
microscope revealed that no new crystal defects were
formed in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained
10 even when the oxide film (SiO,) was formed not on the
surface of the epitaxial layer but on the surface of the
second substrate or on both these surfaces.
A satisfactory result was obtained even when a
transparent substrate of gilica glass or the like was
15  used as thé second substrate. In this case, however,

- since a slip may be formed in the single-crystal Si
layer due to some différeﬁce in thermal expansion
coefficient between silica glass and the single-crystal
Si layer, the temperature of the heat tréatment in

20 hydrogen was decreased from 1,100°C to 1,000°C or less.
(Example 4)
A second substrate was subjected to two-step
anodizing in an HF solution to form two porous layers.
The anodizing conditions were as follows.
25 <Anodizing of First Step>

Current density: 7 (mA/cm?)



22. The nethod according to claim19 or 20, wherein 25 sald thlrd step

conpri ses renoving the porous region remaining on t

third process - 65 - solution whose etching rateg f mﬁﬁgw r Hgﬁ terlal
i s higher than that of the second process solution.] 23. The nethod
according to claim 18, wherein said thgyd step COﬁFrISGG9rﬂARVp@Q t he
porous - region 5 remaining on the substrate using & qlgh pressure fl gid.

24. The nethod according to claim 18, wherein said tNrTU-Step conprises

renmovi ng the porous region

10

15

20

25

Anodizing solution: HF : HO : CHOH =1 : 1 : 1

Time: 5 (min)

Thickness of porous Si layer: 5.5 (um)
<Anodizing of Second Step>

Current density: 30 -(mA/cm?)

Anodizing solution;. HF : HO : CHOH = 1 : 1 : 1

Time: 110 (sec)

Thickness of porous Si layer: 3 ({m)

Subsequently, this substrate was oxidized in an
oxygen atmosphere at 400°C for 1 hr. Upon this
oxidation, the inner wall of each pore of the porous Si
layer was covered with a thermal oxide film. A single-
crystal Si layer -having a thickness of 0.15 um was
epitaxially grown on the porous Si layer by CVD
(Chemical Vapor Deposition). The growing conditions were

as follows.

Source gas: SiHCl,/H,

Gas flow rate: | 0.5/180 (1/min)
Gas pressure: 80 (Torr)
Temperature: 950 (°C)

Growth rate: 0.3 (um/min)

After that, an Si0, layer having a thickness of 100
nm was formed on the epitaxial Si layer by thermal
oxidation.

The surface of the Si0, layer of the first substrate

was bonded to the surface of a separately prepared Si



remai ning on the substrate by polishing. 25. The nmethod according to claim
18, wherein said 10 third step conprises renoving the porous region
remai ni ng on the substrate by scrubbing. 26. The od according to any
one of clainms 12 to 17, wherein, in processing the ' =
supplying the ultrasonic wave to the sgjstrate, ar
"relationship between the substrate and-an ul trasoni
The nethod according to claim26, wherein, in proc
whi |l e supplying the ultrasonic wave to the substrat
swung in the 20 process solution. 28. The netho

wherein, in substrate (second substrate).

The bonded substrate stack was divided into two
substrates by the porous Si layer formed at a current
density of 30 mA/cm’® (anodizing of second step) to expose

S the porous Si layer on the entire surface on the second
substrate side. To divide the bonded substrate stack,._
the substrates are mechanically pulled, twisted, or
pressed, a wedge is driven into the bonded substrate
stack, the bonded substrate stack is oxidized from the

10 end.face to peel the substrates, thermal stress is used,
an ultrasonic wave is applied, or a water jet is
injected into the bonded substrate stack.

The resultant substrate structure was set in the
wafer processing apparatus 100 for preprocess shown in

15 Fig. 4. The wafer processing tank 110 of the wafer
prodessing apparatus 100 for preprocess was filled with
a solution (preprocess solution) containing hydrogen
peroxide in advance. In the wafer processing apparatus
100 for preprocess, the substrate was rotated for
- 20 apprbximaﬁely 2 hrs, and at the same time, an ultrasonic
wave near 0.25 MHz was applied to f£ill pores in the
porous Si layer with the preprocess solution
(preprocess) .
The preprocessed substrate was set in the wafer
25 processipg apparatus 100 fof main process shown in

Fig. 4. The wafer processing tank 110 of the wafer



processing the substrate while supplying the ultrasonic wave to the

substrate, a position of at |east one of the substr ni c
source is changed in a 25 direction substantially fjaRBPLAQEMENT SHEET
per pendi cular to a vibration plane of the ultrasoni | 66— The

met hod according to claim 20, wherein,ggn processin
supplytng the ultrasonic wave to the stbstrate, ar

10

15

20

25

VE. :
h rate while
I t?@i*ﬁ@ii onal ;

processing apparatus 100 for main process was filled

with a mixed solution (etchant) of fluoric acid,

hydrogen pero#ide, and pure water in advance. In the
processing appafatus 100 for main process, the substrate
was rotated for about 0.5 hrs, and at the same time, an
ultrasonic ane near 0.25 MHz was applied to fill pores
in the porousHSi.layer with the etchant.

Application of the ultrasonic wave was stopped, and
the substrate was left to stand in the wafer processing
tank 110 for about 1 hr. wWith this process, the pore
walls of the porous Si layer thinned.

The ultrasonic source 131 was operated again for
about 5 min to completely remove the porous Si layer. At
this time, when the etchant is appropriately circulated,
as shown in FiQ; 10, surface uniformity of the processed
substrate improves. |

One wafet;processing apparatus may be used for both
the preprocessfgpd the main procesé. In this case, the
etchant can befé;epared by adding fluoric acid to the
preprocess soluﬁibn containing hydfogen peroxide.

When porésgih the porous Si layer are filled with
the préproceés;Sglution such as a solution containing
hydrogen peroxide to oxidize the pore walls prior to the
main process Légéhing), the pores in the porous Si layer
can be easily filled with the etchant containing fluoric

acid, The preprocess solution may be a solution having



30. The nethod according to claim?29, wherein, in that in processing the
substrate while supplylng the ultrasonic wave to the substrate, the
substrate is swng in the process solution. 10 31. The nethod according

to claim29, wherein, in processing the substrate whil
ultrasoni c wave to the substrate, a posiggion of at |eagst-Q b%*ﬁ@hghﬁﬂ',
substrate and the ‘ultrasonic source is nged in a difregction substantially

32. The nethod according to any one of clains 12 to 17, wherein saidjfirst
and/ or second step conprises changing a relative positji onal Teratro

i
bet ween the syhstidige oo #GUldy asoni c source. r

emaed

paral |l el or perpendicular to a 15 vibration plane of tjhg u09rMApnpqngve

‘The etchant filling time is shortened even by
applying an ultrasonic wave, rotating the substrate, or
circulating the process solution.

S ‘AS described above, after the ﬁores in the porous
Si layer are filled with the preprocess solution, an
ultrasonic wave is applied to the etchant while
circ@lating the etchant, and also, the preprocess
solution is replaced with the etchant while rotating the

10 subsﬁrate. With this operation, pores in the porous
layer of the substrate can be quickly filled with the

| etchant. Subsequently, application of the ultrasonic

wave is stopped, and thg substrate is left to stand for
an anropriate time. With this process, for each of all

15 subsﬁrates; the pore walls in the porous Si layer can be
sufficiently thinned in the entire region on the
surfdce. By applying the ultrasonic wave again in this
staté, the remaining porous Si layer can be removed at
once uniformly on the entire region of each substrate.

20 ‘The same result as described above could be
obtained by the apparatus shown in Fig. 5, 6, or 9.

- Even when one of the following methods is employed
instead of the method of applying an ultrasonic wave
after application of the ultrasonic wave is stopped, the

25 remaining porous Si layer can be removed with high

qualfty.



20 33. The nethod according to claim20, wherein all or some of the first

to third steps conprise changing a relative positional |
the substrate and the ultrasonic source. 34. The neth¢d aﬂmcauggg
one-of clains 1 to 17, 25 wherein said first and/ or sgpcpn

circulating the process solution to fargp.a flow of th
solution near the substrate. 35. The met hod accordin
18 to 25, wherein all or some of the first to third sfe

 ::(1) The resultant structure is dipped in a mixed

10

15

20

25

i se

.solution of fluoric acid, hydrogen peroxide, and pure
water for about 5 sec to remove the porous layer.

- (2) The porous Si layer is removed by polishing.

{3) The porous Si layer is removed by scrubbing.

(4) The porous Si layer is removed by scanning the

. substrate while spraying a water jet at a pressure of,

" e.g., 1,000 kg/cm®.

In the step of removing the porous Si layer, the

..single-crystal Si layer functioned as an etch stop
- layer, so the porous Si layer was selectively etched and

- completely removed.

The etching rate of the non-porous Si single

crystal for the above etchant is very low. The

“Selectivity ratio of the etching rate of the non-porous

Si single crystal to that of the porous layer is 10° or

more. The etching amount of the non-porous layer (about

" several ten A) is allowable for practical use.

With the above process, an SOI substrate having a

'50.2-um thick single-crystal Si layer on the Si oxide

£ilm was formed. The thickness of the resultant single-

. crystal Si layer was measured at 100 points on the

- entire surface. The thickness was 101 nm # 3 nm.

The resultant structure was subjected to a heat

treatment in hydrogen at 1,100°C for 1 hr, and the

surface roughness was evaluated with an atomic force

> 93KkaR bgs

bet ween

i ses
cess

cl ai ns




circulating the process solution to forma flow of the
near the substrate. 36. The nethod according to any o e REP EMEny gﬁEt '

17, wherein supply of the ultrasonic wave to the substraﬂE‘T?*cunbﬁedigg by
operating or stopping the ultrasonic source. 10 37. [

substrate Is control |l ed by |nsert|ng amul trasoni ¢ wav
bet ween the ultrasonic source and the substrate. 38.
to claim20, wherein supply of 15 the ultrasonic wave to efis
controlled by operating or stopping the ultrasonic source. 39. The nethod

according tQmﬁkébgbgge.“hfﬁ@iﬁE£ﬂ”H&défg roughness in a 5-um square

-~ area was about 0.2 nm. This nearly equals that of a

- commerciallyfevailable Si wafer.
| zSectiontobservation with a transmission electron
S"_micrdscope revealed that no new crystal defects were
formed in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained
even Mhen thefoxide film was formed not on the surface

10 of the epitegial layer but on the surface of the second
- substrate or en both these surfaces.

A satisfactory result was obtained even when a
transparent substrate of silica glass or the like was
used as the second substrate. However, since a slip may

15 labe foimed in the single-crystal Si layer due to some

idifference in -thermal expansion coefficient between
silica glass and the Si layer, the temperature of the
heat treatment in hydrogen was decreased from 1,100°C to
1 000°C or less.

20 . wWhen the porous Si layer left on the first
substrate side;was selectively etched and subjected to a
surface treatment such as hydrogen annealing or surface
polishing, the_substrate could be recycled as the first
or second substrate.

25 Almost the same result as described above was

" obtained even'when a porous layer with a single-layered



the ultrasonic wave to the substrate is controlled by inserting an

ul trasoni c wave shielding plate between the 20 ultrasonic source and the
substrate. 40. A nethod of nmanufacturing a sem-conduetar _substrate,
conprising the steps of: forming a porous |ayer an GEPLREWEN?q94 njporous
| ayer on a first substrate; 25 -lmgndi ng a seqo he

non- porous 1 ayer side of the first subsStrate; re gp the firs
substrate fromthe bonded substrate stack to expost % ﬁﬂ%nhm,on a

sur f ace

structure was formed by anodizing.
In the above examples, as the epitaxial growing
" method of forming a single-crystal Si layer on the
- porous. Si layer, not only CVD but also MBE, sputtering,
'5ﬂ5?.§r liquid phase growing can be used. A single-crystal
| compound semiconductor layer of GaAs or InP may be
: epitaxially grown on the porous Si lafer. In this case,
'i?é high-frequency device such as GaAs on Si or GaAs on
. Glasé (Quartz) or a substrate suitable for OEIC can be
10 manufactured.
As the etchant used to selectively etch the porous
Si layer, a mixed solution of 49% fluoric acid and 30%
' ﬁydrogen peroxide is suitable. However, the following
"etchants can also be used. Since the porous Si layer has
'151 a large sufface area, selective etching is easy.
| (a) Fluoric acid |
. {b) Mixed solution prepared by adding at least one of an
.alcohol and hydrogen peroxide to fluoric acid
' (c) Buffered fluoric acid
.20 _ (d) Mixed solution prepared by adding at least one of an
 alcohol and hydrogen peroxide to buffered fluoric acid
(e) Mixed solution of fluoric acid and nitric acid"
(£) Mixéd solution of fluoric acid, nitric acid, and
acetic acid.
.-25 In the above examples, to stop application of the

-~ ultrasonic wave, the operation of the ultrasonic source



of the second substrate;
substrate 5 .
The nethod according to claim40, wherein said step of
| ayer conprises grinding, polishing, or etching the fi
- lower 10 surface side of the bonded firgt. substrate t
layer on the surface of the second substTate. 42. The
clai m40, wherein said step of exposing the porous | ay
t he bonded substrate stack at the porous |ayer to expg

and renmoving the porous |ayer on the second
usi ng the porous region renoving nethod of clains 1 to 39. 41.

Se

| ayer on the surface of the second substrate. 43. The

ERGMEAT SHFT o

xpose the porous

t O8dMARCR9gIi ng t o
conpri ses dividing

thod_according fo

any one of clains 40 t

42, . ' .
is stoppé%. However, use of shutters is also effectiwve,

10

15

20

as shown in Figs. 11A and 11B.

As the porous layer, not only a porous-Si layer but
also a porous layer formed from another semiconductor
material such as GaAs or SiC, an Al,0, anodized in oxalic
acid, or an ultrafine particle film generated by CVD is
suitable. Thése layers can be easily removed by etching.

According to the above embodiment, by shortening
the etchant filling time for the porous layer,
ﬁariations in progress in etching in the substrate
surface or between substrates can be suppressed, and
given film thickness uniformity of the underlying
surface layer can be.maintained. In addition, even when
the thickness of a porous layer varies, given film
thickness ﬁniformity of the underlying surface layer can
be maintained.

According to the present invention, a high
pPlanarity of the underlying layer of the porous region
can be maintained.

The present invention is not limited to the above
embodiments and various changes and modifications can be
made within the spirit and scope of the present
invention.

Therefore, to apprise the public of the scope

of the present invention, the following claims are made.



wherein said non-porous |ayer includes a single-crystal Si -
nmet hod according to any one of clains 40 to 42, 20 wherei nmnmwmu‘{@iﬁum
| ayer includes a single-crystal Si layer and an Si oxide | ayer.c nlfhe ~ +
met hod according to claim43 or 44, wherein said single-crystal Si l|ayer is
a layer epitaxially grown on the porousghayerof_ the first substrate. 25

46. The nethod according to any one of—el ai mRgpP . oMIET®I N said
non- porous | ayer includes a single-crystal. éﬁﬁMEh% SM%E% f
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WHAT IS CLAIMED IS:

1. A porous region removing method for féﬁEthJ a

porous region from a substrate having the porous region,

comprising:

5 the first step of filling the porous region with a
first 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

10 a porous material after the first step.

2. The method according to claim 1, wherein said
second step comprises replécing the first process
solution filling the porous region with the second
process solution to etch the porous region.

15 3. The method according to claim 1 or 2, wherein said
substrate to.be processed essentially consists of
single-crystal Si.

4. The method according to claim 1 or 2, wherein said
porous region essentially consists of an Si material.

20 5. The method according to claim 1 or 2, wherein said
porous region is formed by anodizing a substrate
consisting of single-crystal Si.

6. The method according to any ﬁne of claims 1 to 5,
wherein said first process solution chemically changes

25 pore walls in the porous fegion, and the second process

solution has the etching function not only for a porous



conpound sem conductor |ayer. 47. The method according to anYuﬂmum“"mmﬂ“I
40 to 46, mhereln sald second substrate essentially consist's

material. 5 44 4 Qaﬁg%ﬁc rding to any one of claims 40 té

wherein said sqgc ‘3 as$ an Si oxide layer on a surface to be

bonded to the fliffst substrate. . The.get hod according to any one of
clains 40 to 44, |} e ond substrate is a transparent 10
r

substrate. 50. |Alporous region novi ng apparatus for renoving a porous
region froma gubStrate g the porous region, conprising: means for
executing the flirst step of fillilng the

material but also for a substance which chemically

changes.
7. The method according to claim 6, wherein said first
process solution has an oxidation function for the pore
5 walls in the porous region.
8. The method according to any one of claims 1 to 5,
wherein said first process solution is water.
9. The method according to any one of claims 3 to 5,
wherein said first process solution contains a material
10 selected from the group consisting of an alcohol,
hydrogen peroxide, nitric acid, and hydrochloric acid.
10. The method according to any one of claims 5 to 9,
wherein said second progeés solution contains fluoric
acid.
15 11. The method according to any one of claims § to 6,
wherein said second process solution is a material
- selected from the group consisting of
(a) a mixed solution prepared by adding at least one of
an alcohol and hydrogen peroxide to fluoric acid,
20 (b) a mixed solution of fluoric acid and nitric acid,
and
(c) a mixed solution of fluoric acid, nitric acid, and
acetic acid.
12. The method according to any one of'claims 1 to 11,
25 wherein an ultrasonic wave is supplied to the substrate

during at least part of an overall period of execution



15 porous region with a first process solution having no etc ,
or weak etching function for. a porous material; and rreans foml'ul!(’"tlﬂmuﬂllllul“l
second step of rerﬂEaQAGWEaWesﬂEmst process sol ution fil ling the gorbusH
region 20 wth tjhgsecont-preeesgs |sol uti on having an etching function for a

Q

porous material {t

ebsthE 98 rqus reglqﬁ__

of tﬁe first and second steps.
13. EThe method according to any one of claims 1 to 11,
wheréin said first step comprises supplying an
ultrasonic wave to the substrate.

5 14. ?The method according to any one of claims 1 to 11,
wherein an ultrasonic wave is supplied to thg substrate
during at least part of an overall period of execution
of ;ﬁe second step.
15. The method according to any one of claims 1 to 11,

10 wherein an ultrasonic wave is supplied to the substrate

during at least part of an overall period of execution

of the second step, in which the first process solution

filling the porous region is-replaced with the second
process solution.

15 16. The method éccording to any one of claims 1 to 11,

. wherein said second step comprises the steps of:

- 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
20 thickness; and
etching the porous region remaining on the
substrate while supplying an ultrasonic wave to the
substrate, thereby removing the porous region.
17. The method according to any one of claims 1 to 11,
25 wherein said second.step comprises the steps of:

" replacing the first process solution £illing the
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;ﬁcroﬁeeregioqfwith the second process solution while
_euppiying an ultrasonic wave to the substrate;

| Eetchingfthe porous region without supplying any
eﬁlh?éEOﬁic wefe to the substrate until the pore walls in
?.&he:éorous-region have not more than a predetermined
7-£hiekness; and

:etching the porous region remaining on the
:;substrate while supplying an ultrasonlc wave to the

: substrate, thereby removing the porous region.

: I&, The method accordlng to any one of claims 1 to 15
i further comprlslng, after the second step, the third
fzstep:of removing the porous region remaining on the
-:f;é;QUbstrate.

1h,=19. The method according to claim 18, wherein said

Tf_jfthlrd step comprlses removing the porous region

: 'remalhlng on the substrate using an etchant.

20. The method according to claim 19, wherein said
;Lthirdéstep comprises removing the porous region

' fﬂfremaihing on the substrate using the etchant while

"fSupplying the ultrasonic wave to the substrate.

- 21, @he methed according to claim 19 or 20, wherein
_seid second end third steps are executed while dipping
“the.sﬁbstrate'to be processed in the same etchant.
'1:22. The mehhod according to claim 19 or 20, wherein

25. . said third step comprises removing the porous region

remaining on the substrate using a third process
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Jsglu?ion whqéé etching rate for the porous material is
.higﬁér than that of the second process solution.
©23. The method according to claim 18, wherein said
igthira step cqﬁprises removing the porous region
ﬁremaining on -the subsﬁrate using a high-pressure fluid.
24,  The method according to claim 18, wherein said
-gthi;d step comprises removing the porous region
remaining on the substrate by polishing.
:;2S;I§The method according to claim 18, wherein said
}third step comprises removing the porous région

»+ remaining on the substrate by scrubbing.

'..26. The method aécording to any one of claims 12 to 17,
'qﬁﬁ3wherein, in prOCESsiﬁg the substrate while supplying the
'3 _aultrasonic wave to the substrate, a relative positional

:ﬁ “re1ationship between the substrate and an ultrasonic

: ”ﬁ"sourde is changed.
'1;;27. The method according to claim 26, wherein, in
5fprocqssing the substrate while supplying the ultrasonic
J” wave to the substrate, the substrate is swung in the
_2ﬁf process solution.
-"T: 28. The method according to claim 26, wherein, in
3Eff:proce551ng the substrate while supplying the ultrasonic
" wave to the substrate, a position of at least one of the
substrate and the ultrasonic source is changed in a
2§' direction.substantially parallel or perpendicular to a

"ﬁﬁ:ﬁvibraﬁion plane of the ultrasonic wave.
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29. -The method according to claim 20, wherein, in
processing the substrate while supplying the ultrasonic
wave to the substrate, a relative positional
relationship between the substrate and the ultrasonic
source is changed.

30. The method according to claim 29, wherein, in that
in processing the substrate while supplying the
ultrasonic wave to the substrate, the substrate is swung
in the process solution.

31. The method according to claim 29, wherein, in
processing the substrate while supplying the ultrasonic
wave to the substrate, a position of at least one of the
substrate and the ultrasonic source is changed in a
direction substantially parallel or perpendicular to a
vibration ﬁlane 6f the ultrasonic wave.

32. The method according to any one of claims 12 to 17,
wherein said first and/or second step comprises changing
a relative positional relationship between the substrate
and the ultrasonic source.

33. The method according to claim 20, wherein all or
some of the first to third steps comprise changing a
relative positional relationship between the substrate
and the ultrasonic source.

34. The method according to any one of claims 1 to 17,
wherein said first and/or second steps comprises

circulating the process solution to form a flow of the

REPLACEMENT SHEET o Hlllllj lllllj "lj“lll”““l
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 ,process solution near the substrate.
- 35. The method according to any one of claims 18 to 25,

. wherein all or some of the first to third steps comprise

circulating the process solution to form a flow of the

process solution near the substrate.

36. The method according to any one of claims 12 to 17,

wherein supply of the ultrasonic wave to the substrate

:~Hﬁ5;is controlled by operating or stopping the ultrasonic

. source.

37. The method according to any one of claims 12 to 17,

- wherein supply of the ultrasonic wave to the substrate
_is controlled by inserting an ultrasonic wave shielding

. plate between the ultrasonic sotixrce and the substrate.

38. The method according to claim 20, wherein supply of

the ultrasonic wave to the substrate is controlled by

e ~operating or stopping the ultrasonic source.

20

25

39. The method according to claim 20, wherein supply of

' the ultrasonic wave to the substrate is controlled by

inserting an ultrasonic wave shielding plate between the

ultrasonic source and the substrate.

40. A method of manufacturing a semiconductor
substrate, comprising the steps of:

forming a porous layer and at least one non-porous
layer on a first substrate;

bonding a second substrate to the non-poréus layer

side of the first substrate;
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removing the first 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 porous region removing method of claims 1 to
39.
41. The method according to claim 40, wherein said step
of exposing the porous layer comprises grinding,
polishing, or etching the first substrate from a lower
surface side of the bonded first substrate to expose the
porous layer on the surface of the second substrate.
42. The method according to claim-40, wherein said step
of exposing the porous layer comprises dividing the
bonded substrate stack at the porous layer to expose the
porous layer on tﬁe surface of the second substrate.
43. The method according to any one of claims 40 to 42,
wherein said non-porous layer includes a single-crystal
Si layer.
44. The method according to any one of claims 40 to 42,
wherein said non-poroﬁs layer includes a single-crystal
Si layer and an Si oxide layer.
45. The method according to claim 43 or 44, wherein
said single-crystal Si layer is a layer epitaxially
grown on the porous layer of the first substrate.
46. The method according to any one of claims 40 to 42,

wherein said non-porous layer includes a single-crystal.

T r— RO ) ORI
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compound semiconductor layer.
47. The method according to any one of claims 40 to 46,
wherein said second substrate essentially cbnsists of an
Si material.
48. The method according to any one of claims 40 to 47,
wherein said second .substrate has an Si oxide layer on a
surface to be bonded.to the first substrate.
49. The method according to any one of claims 40 to 486,
wherein said second substrate is a transparent
substrate.
50. A porous region removing apparatus for removing a
pbrous region from a substrate having the porous region,
comprising: |

means for executing the first step of f£illing the

porous region with a first process solution having no

_ etching function or weak etching function for a. porous

material; and

means for executing the second step of replacing
the first process solution £illing the porous region
with the second process solution having an etching

function for a porous material to etch the porous

region.
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SEMICONDUCTOR SUBSTRATE MANUFACTURING METHOD

ABSTRACT OF THE DISCLOSURE

A given planarity of the underlying laver is
ensured after removal of a porous layer. In the first
step, a porous layer is filled with a pﬁieprocess
| solution (e.g., water). In the second step, the
preprocess solution filling the porous layer is replaced
i with an etchant (e.g., fluoric acid), and the porous
layer is etched by the etchant. With this process, the

time in which the porous layer is filled with the

etchant is shortened to suppress variations in progress

B of etching.

Figure 1A to 1D
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POROUS REGION REMOVING METHOD AND 1S
SEMICONDUETOR SUBSTRATE MANUFACTURING METHOD

ABSTRACT OF THE DISCLOSURE

A given planarity of the underlying layer is
ensured after removal of a porous layer. In the first
step, a porous layer is filled with a preprocess
solution (e.g., water). In the second step, the
preprocess solution filling the porous layer is replaced
with an etchant (e.g., fluoric acid), and the porous
layer is etched by the etchant. With this process, the
time in which the porous layer is filled with the
etchant is shortened to suppress variations in progress

of etching.

Figure 1B
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TEXT OF THE ABSTRACT

POROUS REGION REMOVING METHOD AND SEMICONDUCTOR SUBSTRATE
MANUFACTURING METHOD

A given planarity of the underlying layer (201) is ensured after removal of a porous layer
(202). In the first step, a porous layer (202) is filled with a preprocess solution (203) (e. g
water). In the second step, the preprocess solution (203) filling the porous layer (202) is
replaced with an etchant (204) (e.g., fluoric acid), and the porous layer (202) is etched by the
etchant (204). With this process, the time .in which the porous layer (202) is filled with the
etchant (204) is shortened to suppress variations in progress of etching.

Figure 1B.
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