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TITLE OF THE INVENTION
\OBJECT SEPARATING APPARATUS AND METHOD, AND /

METHOD OF MANUFACTURING SEMICONDUCTOR SUBSTRATE /
5 BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION.
The present invention relates to an object separating
apparatus and method, and a method of manufacturing a

10 semiconductor substrate.

DESCRIPTION OF THE RELATED ART
A substrate (SOI substrate) having an SOI (Silicon On
Insulator) structure is known as a substrate having a
15 single-crystal Si layer on an insulating layer. A device
using this SOI substrate has many advantages that cannot be
achieved by ordinary Si substrates. Examples of the
_advantages are as follows.
(1) The integration degree can be increased because
20 dielectric isolation is easy.
(2) The radiation resistance can be increased.
(3) The operating speed of the device can be increased
because the stray capacitance is small.
(4) No well step is necessary.
25 (5) Latch-up can be prevented.

(6) A completely depleted field-effect transistor can
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10 sem conductor substrate. | DESCRI PTI ON OF THE RELATED ART

A substrate

(SA substrate) having an SO (Silicon On I'nsul at or)

structure is known as a substrate having a 15 single-crystal Si |ayer on
an insulating |layer. A device using this SO substrate has many

advant ages t
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Since an SOI structure has the above various advantages,
researches have been made on its formation method for several
decades.

As one SOI technology, an SOS (Silicon On Sapphire)
technology by which Si is heteroepitaxially grown on a
single-crystal sapphire substrate by CVD (Chemical Vapor
Deposition) has been known for a long time. This SOS
technology was once recognized as the most matured SOI
technology. However, the SOS technology has not been put
into practical use to date because, e.g., a large amount of
crystal defects are produced by lattice mismatch in the
interface between the Si layer and the underlying sapphire
substrate, aluminum that forms the sapphire substrate mixes
in the Si layer, the substrate is expensive, and it is
difficult to obtain a large area.

Various SOI technology appeared following the SOS
technology. For these SOI technologies, various methods
have been examined aiming at reducing crystal defects or
manufacturing cost. There are a method of implanting oxygen
ions into a substrate to form a buried oxide layer, a method
of bonding two wafers via an oxide film and polishing or
etching one of the wafers to leave a thin single-crystal Si
layer on the oxide film, and a method of implanting hydrogen
ions to a predetermined depth from the surface of an Si

substrate having an oxide film, bonding the Si substrate to
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(4) No well step is necessary. 25 (5) .Latch-up can—be-prevented.
(6) A completely depleted field-effect transistor can
- 2- be formed by thin filmformation. Sl%éhamasgeenReilard

structure has the above various advant ages, researches
on its formati on nethod for several decades. 5

technol ogy, an SOS (Silicon On Sapphire)

the other substrate, and peeling the latter substrate (the
other substrate) by a heat treatment while leaving a thin
single-crystal Si layer on the oxide film.
The present applicaﬁt has disclosed a new SOI technology
9 in Japanese Patent Laid-Open No. 5-21338. In this
technology, a first substrate obtained by forming a non-
porous single-crystal layer on a single-crystal
semiconductor substrate having a porous layer is bonded to
a second substrate via an insulaﬁing layer (SiO,), and the
10 two substrates are separated from the porous layer to
transfer the non-porous single-crystal layer to the second
substrate. This technology is advantageous in that the SOT
layer has high film thickness uniformity, the crystal defect
density in the SOI layer can be decreased, the SOI layer has
15 high surface planarity, no expensive special fabrication
apparatus is necessary, and SOI substrates having SOI films
about a few hundred A to 10 um thick can be fabricated by
the same fabrication apparatus.
In addition, the present applicant has disclosed
20 another technology in Japanese Patent Laid-Open No. 7-302889
in which, after the first and second substrates described
above are bonded, the first substrate is separated from the
second substrate without breéking, and the separated first
substrate is reused by smoothening the surface and again
25 forming a porous layer. Since the first substrate can be

economically used, this technology has the advantages that
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technol ogy by which Si is heteroepitaxially grown on a si ngl e-crystal
sapphire substrate by CvD (Chem cal Vapor Deposition) has been known

for a long tinme. This SOS t eCTHARLAY ¥ag nee recogni zed as the nost
matured SO 10 technology. Howev eﬁnol ogy has not been put
into practical use to date because,mlyum rarmunt of crystal
defects are produced by lattice ms I nterface between the
Si |l ayer and the underlying sapphire’ substrate, alum numthat forms

t he sapphire substrate mxes 15 in the Si |layer, the substrate is
expensi ve, anddhe ifSbricat¥bhf bestt céﬂ_B@tPé.fbéﬂ&af&ﬁc%rda d the

Various SO technol ogy appeared follow ng the S technol ogy. For
these SO techraRdicationapr8des8EiH08Bso simpve been exanined aiming at

reducing crystal defects or
In the above technologies, however, when the two bonded

substrates are separated it is necessary to prevent damages
5 to the substrates and protect the fabrication apparatus and
the like from contamination caused by the generation of

particles.

SUMMARY OF THE INVENTION

10 The present invention has been made in consideration
of the above situation, and has as its object to apply a
separating apparatus and method suitable to separate
semiconductor substrates or other objects, and a method of
manufacturing a semiconductor substrate.

15 According to the present invention, there is provided
a separating apparatus characterized by comprising jet means
having a fluid jet unit for ejecting a jet of fluid to an
object to be separated to éeparate the object, and control
means for changing a condition for ejecting the fluid from

20 the jet unit in accordance with progress of object separation
processling .

The separating.apparatus preferably further comprises

a holding portion for holding: the object to be separated.

In the separating apparatus, preferably, the object to

25 | be separated has a platé shape, and the holding portion holds

the plate-like object to inject the fluid against the
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20 manufacturing cost. There are a nethod of inplanting oxygen I ons
into a substrate to forma buried oxide |ayer, a nethod of bonding two
waf ers via an oxi dmsfshéem@@gmggmégi ng or etching one of the wafers to

Iw“] | ayer on the oxide film and a nethod
t

| eave a thin single ,
of inplanting hydro m , 0 a predetermined depth fromthe surface
of an Si subst oxide film bonding the Si substrate to

- 3- the other substrate, and peeling the latter substrate (the

plate-like object in a planar direction thereof.

In the separating apparatus, the control means
preferably changes a pressure of the fluid to be ejected from
the jet unit in accordance with progress of object separation

5 processing.

In the separating apparatus, the control means
preferably controls the jet means to set the pressure of the
fluid to be relatively high in separating a vicinity of a
peripheral portion of a separation surface of the object to

10 be separated.

In the separating apparatus, the control means
preferably controls the jet means to set the pressure of the
f.luid to be relatively high in separating a vicinity of a
central portion of a separation surface of the object to be

15 separated.

In the separating apparatus, the control means
preferably controls the jet means to set the pressure of the
fluid to be relatively high in separating vicinities of
peripheral and central portions of a separation surface of

20 the object to be separated and controls the jet means to set
the pressure of the fluid to be relatively low in separating
an intermediate portion between the vicinities of the
peripheral and the central portions.

In the separating apparatus, the control means

25 preferably changes the condition for ejecting the fluid from

the jet unit in accordance with a relative positional
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ot her substrate) by a heat treatnent while leaving a thin

single-crystal-St—tayer- on the oxide film The present applicant

has di scl osed a new SO technology 5 in Japanese Patent Lai d-Open No.
5- 21 3(3& Sheet HasBRénReplaced t echnol ogy, a first substrate obtained by form ng a

non- gl e-crystal layer on a single-crystal

sem cotuﬂﬂgmngu Mlat e having a porous |ayer is bonded to a second
substr ulating layer (SigJerr]), and the 10 two substrates
are separated fromthe porous |ayer to transfer the non-porous

si ngl e-crystal rEQXEioﬁth%ebéé‘ﬁ@é}g the jetuhslitahag Iﬂésﬁi>§§9€°£891¥ i s

advant ageous i n that | ayer  has high fil ness uniformty,
the crystal degephrated.density in the SO |ayer can be decreased, the SO
| ayer has 15 high surface planarity, no expensive special fabri cation

In the separating apparatus, the control means

preferably changes the condition for ejecting the fluid from
5 the jet unit as a function of time. |
The separating apparatus preferably further comprises
scanning means for scanning the jet unit.
The separating apparatus preferably further comprises
rotating means for rotating the object about an axis

10 perpendicular to a separation surface of the object to be
separated.

The object to be separated preferably has a fragile
layer as a separation layer. The fragile layer is preferably
a porous layer or a layer having a Iﬁicrocavity.

15 According to the present invention, there is provided
a separating method of separating an object by ejecting a
jet of fluid from a jet unit to the object to be separated,
characterized by comprising the control step of changing a
condition for ejecting the fluid from the jet unit in

20 accordance with progress of objéct separation processing.

In the separating method, preferably, the object to be
separated has a plate shape and is separated by injecting
the fluid against_ the plate-like object in a planar directioﬁ
thereof.

25 In the separating method, the control step preferably

comprises changing a pressure of the fluid to be ejected from
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apparatus is necessary, and SO substrates having SO filns about a
few hundred A to 10 [err]mthick can be fabricated by t he sane
fabrication apparatus. In addition, the present applicant has

di sclosed 20 another technology in Japanese Patent Lai d-Open No. 7-302889
in which, after the first and second substrates descri bed above are
bonded, the first substrate is separated fromthe second substrate

wi t hout breaking, and the separated first ‘substrate is reused by

snoot hening the surface and again 25 formng a porous |ayer. Since the

first substrat¢neafle®@nit in 866BLEAAEL ki tiSSFbgtdlsS of HYI MDA { 4§

advant ages t hat
processing.

In the separating method, the control step preferably

comprises setting the pressure of the fluid to be ejected

5 from the jet unit to be relatively high in separating a
vicinity of a peripheral portion of a separation surface of
the object to be separated.

In the separating method, the control step preferably
comprises setting ﬁhe pressure of the fluid to be ejected

10 from the jet unit to be relatively high in separating a
vicinity of a central portion of a separation surface of the
obj'ect to be separated.

In the separating method, the control step preferably
comprises setting the pressure of the fluid to be ejected

15 from the jet unit to be relatively hiéh in separating
vicinities of peripheral and central portions of a separation
surface of the object to be separated and setting the pressure
of the fluid to be ejected from the jet unit to be relatively
low in separating an intermediate portion between the

20 vicinities of the peripheral and the central portions.

In the separating method, the control step preferably
comprises changing the condition for ejecting the fluid from
the jet unit in accordance with a relative positional
relationship between the jet unit and the ob:iect to be

25 separated.

In the separating method, the control step preferably
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-4- the fabrication cost can be | argely reduced and the

fabrication process is also sinple. In the above technol ogi es,
however, when the two bonded substrates are separated it is necessary
to prevent damages 5 to the substrates and protéct the fabrication
apparatus and the like fromcontanination caused by the generation of
particles. SUMMARY OF THE | NVENTI ON 10 The
present invention has been nade in consideration of the above

situation, and has as its object to apply a
comprises changing the condition for ejecting the fluid from

the jet unit as a function of time.

The separating method preferably further comprises

executing separation processing for the object while
5 scanning the jet unit along the separation surface of the
- object to be separated.

The separating method preferably further comprises
executing separation processing for the object while
rotating the object about an axis perpendicular to the

10 separation surface of the object to be separated.

In the separating method, the object to be separated
preferably has a fragile layer as a separation layer. The
fragile layer is preferably a porous layer or a layer having
a microcavity.

15 According to an aspect of the present invention, there
is provided method of manufacturing a semiconductor
substrate, characterized by comprising the steps of forming
a first substrate in which a porous layer and a non-porous
layer are sequentially formed on one surface, bonding the

20 first substrate to a second substrate via the non-porous
layer to form a bonded substrate stack, and separating the

.bonded substrate stack into two substrates while ej ectihg

a jet of fluid to the porous layer of the bonded substrate

stack, wherein the separation step comprisesl changing a
25 condition for ejecting the fluid in accordance with progress

of the separation step.
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separating apparatus and nethod suitable to separate sem conduct or

Subst+ates—or—other—obj ects, and a net hod of manuf acturing a
sem conductor substrate. 15 According to the present invention,

t heTlgs $ieet placReetiReplaced a Separati ng apparatus characterized by conpri sing

] et i ng a fluid jet unit for ejecting a jet of fluid to an
obj e ! ted to separate the object, and control nmeans for

changing a ¢ n for ejecting the fluid from 20 the jet unit in

accordance with progress of object separation ~ processing. _
The separating appanaidésdRng ebabhyther ta'?;'@'ec‘EOBErﬂ?é%resentaiﬂﬁéﬂtfgn .
portion for holding the object to be separat ed. I'n" the sepafating

appar at us, preftticall ¥s piwrichicatméthod 2 foRanepas BhEThd @S samPbah&usShapre.
and the hol ding portion holds
substrate, characterized by comprising the steps of
implanting ions from a surface of a substrate consisting of
9 a single-crystal semiconductor to a predetermined depth,
thereby forming a first substraté in which a microcavity
layer is formed, bonding a second substrate to a front surface
side of the first substrate to fdrm a bonded substrate stack,
and separating i:he bonded substrate stack into two su?_bstrates
10 while ejectinj.a jet of fluid to the microcavity layer of
the bonded substrate stack, wherein the separation step
comprises changing a condition for ejecting the fluid in
accordanée with progress of the separation step.
Further objects, features and advantages of the present
15 invention will become apparent from the following detailed

description of embodiments of the present invention with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figs. 1A to 1E are views for expléining a method of
ma.nufacturiﬁg an SOI substrate according to the preferred
embodiment of the present invention;
Figs. 2A and 2B are views showing a 'force acting- on a
bonded substrate stack in the presence and absence of a
25 V-shaped groove;

Fig. 3 is a view showing the schematic arrangement of
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the plate-like object to inject. the fluid against the

- 5- pl
the separating a
pressure of th
w th progress

ate-tike object—n—a planar direction thereof. I n
paratus, the control mneans preferably changes a
e 1F§he€tHa0Bd§m:Reglaeeﬂt ed from the jet unit in accordance

] of |on 5 processi ng. In the
separati ng appar nmeans preferably controls the jet

means to set t

10

he pressure o

a separating apparatus according to the first embodiment of
the present invention;

Fig. 4 is a view showing the schematic arrangement of
the separating apparatus according to the first embodiment
of the present invention;

Fig. 5 is a view showing the first arrangement of an
adjustment mechanism;

Fig. 6 is a view showing the second arrangement of the
adjustment mechanism;

Fig. 7 is a view showing an example of a jet nozzle

driving robot;

15

20

25

Fig. 8 is a view showing another example of the jet
nozzle driving robot;

Fig. 9 is a chart showing control in separation
processing;

Fig. 10 is a chart showing control in separation
processing;

Fig. 11 is a chart showing control in separation
processing;

Fig. 12 is a view showing the force of jet acting on
the bonded substrate stack;

Fig. 13 is a view showing the arrangement of a separating
apparatus according to the second embodiment of the present
invention;

Fig. 14 is a view showing the arrangement of a separating

apparatus according to the third embodiment of the present
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fluid to be relatively high in separating a vicinity of a peri pher al
portion of a separation surface of the object to 10 be separated.

In the separating apparatus, the control neans preferably controls the
jet means to set the pressurH Shfet il\Been ReplalchUi d 10 be relatively high in

separating a vicinity of a I tion of a separation surface of
the object to be 15 separa l!ﬂmu"ﬂm In the separating apparatus, the
control neans pr ef er abl jet means to set the pressure of

t he fluid to be relatively high in Separating vicinities of

peri pheral and; frHe@&n portions of a separation surface of 20 the object
to be separated and controls the jet neans to set the pressure of the
fluid to be relatively low in separating

" DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will be
5 described below with reference to the accompanying drawings.
Figs. 1A to 1lE are views for explaining a method of
manufacturing an SOI substrate according to the first
embodiment of the present invention.
In Fig. 1A, a single-crystal Si substrate 11 is
10 prepared, and a porous Si layer 12 is formed by anodizing
on the surface of the single-crystal Si substrate 11. InFig.
1B, a single-crystal Si layer 13 as a non-porous layer is
epitaxially grown on the porous Si layver 12. After this, the
surface of the single-crystal Si layer 13 is oxidized to form
15 an SiO, layer 15. With this process, a first substrate 10
is formed.
In Fig. 1C, a single-crystal Si substrate 14 is prepared
as a second substrate 20. The first and the second substrates
10 and 20 are brought into contact with each other at room
20 temperature such that the Si0, layer 15 of the first substrate
10 faces the second substrate 20. The first and the second
substrates 10 and 20 are bonded by anode bonding, pressing,
heating, or a combination thereof. With this process, the
second substrate 20 and the Si0, layer 15 are firmly bonded.
25 The Si0, layer 15 may be formed on the single-crystal Si

substrate 11 side, és described above, or may be formed on

- 11 -
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an internediate portion between the vicinities of the peri pher al

t he central

- 6 -
separ at ed.

10

15

20

25

means 25 preferably changes the QO%Qiti
the jet unit in accordance with alH
rel ati onshi p betwee

portions. —1n thée separating apparatus, the cont
eé'gecti ng the fluid from

for
cRbSREFOnal _
j and the object to be
, the control neans

the second substrate 20 or on both the single-crystal Si

In the separ

substrate 11 and the second substrate 20 sides as far as the
state shown in Fig. 1C is obtained by bringing the first and
second substrates into contact.

In Fig. 1D, the two substrates bonded to each other are
separated at the porous Si layer 12. The second substrate
side haé a multilayered structure of porous Si layer 12",
single-crystal Si layer 13, SiO, layer 15, and single-crystal
Si substrate 14. On the first substrate 10' side, a porous
Si layer 12' is formed on the single-crystal Si substrate
11.

After separation, the remaining porous Si layer 12' is
removed from the substrate 10'. The surface of the substrate
10' is planarized, as needed, .so the substrate 10' is used
again as a single-crystal Si substrate 11 fof forming a first
substrate 10.

After the bonded substrate stack is separated, in Fig.
1E, the porous layer 12" on the second substraté side (10"
+ 20) is selectively removed. With this process, a substrate
having a multilayered structure of single-crystal Si layer
13, insulating layer 15, and single-crystal Si substrate 14,
i.e., an SOI structure is obtained.

In this embodiment, in the step shown in Fig. 1D, i.e.,
in the step of separating the two substrates bonded to each
other (to be reférred to as a bonded substrate stack

hereinafter), a separating apparatus for selectively

- 12 -
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preferably changes the condition for ejecting the fluid from 5 the jet
unit as a function of tine. The separating apparatus preferably
further. conprises scanni ng nmeans for scanning the jet unit.

The separating apparatus preferably furtherpgogmorises nRep jotating neans
for rotating the object about an axis 10 p a separation
surface of the object to be separ at ed. ﬂmﬂ” I u .

i

obj ect to be
separated preferably has a fragile | aye on | ayer. The

fragile layer is preferably a porous |ayer-or a |ayer having a
mcrocavity. Hjecting Adtigtdipieskareh®i@ins ont ghdELLaN. tb Mlefpbfous
provi ded a separating nethod of separating an object by ejecting a
jet of fluid frdmlayeet asniat separheioh] eegidm he BRI edparate the
substrate stack into two substrates at the separation region.
[Basic Arrangement of Separating Apparatus] |
5 This separatihg apparatus uses a water jet method.
Generally, the water jet method ejects a high-speed,
high—pressure stream of water upon an object to, e.g., cut
or process a ceramic, ametal, a concrete, a resin, a rubber,
or a v&ood member, remove a coating film from the surface,
10 or clean the surface ("Water Jet", Vol. 1, No. 1, page 4,
(1984)) . |
This separating apparatus ejects a high-speed,
high-pressure steam of fluid to the porous layer (separation
region) of the bonded substrate stack as a fragile structure
15 portion in the direction of substrate surface to selectively
break the porous layer, thereby separating the substrate at
the porous layer. The steam will be referred to as a " jet"
hereinafter. The fluid forming a jet will be referred to as
a "jet medium". As the jet medium, it is possible to use an
20 water, organic solvent such as alcohol, an acid such as
fluoric acid.or nitric acid, an alkali such as potassium
hydroxide, a gas such as air, nitrogen gas, carbonic acid
gas, rare gas, or an etching gas, or a plasma.
In this separating apparatus, a jet is ejected to the
25 porous layer (separation region) exposed to the side surface

of the bonded substrate stack, thereby removing the porous

- 13 -
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char-acteri zed by conprising the control step of changing a condi tion
for ejecting the fluid fromthe jet unit in 20 accordance Wth progresa

of object separation processing. In the separating
preferably, the object to be separated has a plate shape? 2 as Been Replaced
t

separated by injecting the fluid against the plate-like ﬂ mm”l ,"’
pl anar direction thereof. 25 In the separating ne

control step preferably conprises changing a pressure of the fluid to
be ejected from -7-

layer from the peripheral portion to the central portion.
With this process, the bonded substrate stack is separated
into two substrates by removing only the separation region
with low mechanical strength without damaging the main body.

5 Even when the side surface of the bonded substrate stack is
covered with some thin layer, and the porous layer is not
exposed, the thin layer can be removed by the jet, so the
bonded substrate stack can be separated by the above-
described method.

10 At the peripheral portion of the bonded substrate stack,
the effect for splitting the bonded substrate stack into two’
substrates effectively acts when a V-shaped (concave) groove
is formed in the bonded substrate stack along the side
surface. Figs. 2A and 2B are views showing a force acting

15 on the bonded substrate staék in the presence and absence
of a V-shaped groove. Fig. 2A shows a bonded substrate stack
having a V-shaped groove 22. Fig. 2B shows a bonded substrate
stack having no V-shaped groove.

As shown in Fig. 23, in the bonded substrate stack having

20 the V-shaped groove 22, a force (to be referred to as a
separation force hereinafter) is applied outward from the
center of the bonded substrate stack, as indicated by an arrow
23. On the other hand, as shown in Fig. 2B, in the bonded
substrate stack with a convex side surface, a force is applied

25 inward from the side surface of the bonded substrate stack,

as indicated by an arrow 24. In the bonded substrate stack

- 14 -~

THIS SHEET HAS BEEN
REPLACED




the jet unit in accordance with progress of object separation

processi ng. In the separating nethod, the contr0| step
preferably conprises setting the pressure of t | e t}g be ejected
5 fromthe jet unit to be relatively highin separ on “é‘lnlty of
a peripheral portion of a separation surface of ,HH 0 be

separ at ed. In the separating nethod, th preferably
conprises setting the pressure of the fluid to be eJe_cted 10 fromthe jet
unit to be relatively high in separating a vicinity of a central

portion of a sepsiab ancewwdacddef sthface, tibsephrhafide FRAY abed. not
In the separating nethod, the control step preferably
act unless the side surface of the porous layer 12 as the
separation region is removed by a jet 21.
Even when a thin film is formed on the side surface of
5 the bonded substrate stack, the separation force acts on the
bonded substrate stack as far as the bonded substrate stack
has the V-shaped groove 22, as shown in Fig. 2A, so the thin
layer can be easily broken.
To effectively use the jet, a width W1 of the V-shaped
10 groove 22 is preferably equal to or larger than a diameter
d of the jet 21. For example, assume that each of the first
substrate 10 and the second substrate 20 has a thickness of
about 1 mm, and the bonded substrate stack has a thickness
of 2 mm. Since the width W1 of the V-shaped groove 22 is
15 normally 1 mm, the diameter of the jet is preferably 1 mm
or less. Since a general water jet apparatus uses a jet with
a diameter of 0.1 to 0.5mm, such a general water jet apparatus
(e.g., a water jet nozzle) can be used.
The nozzle for ejecting a jet can have not only a
20 circular shape but any other shapes. For example, when a
slit-like nozzle is employed to eject a jet having a long
rectangular.section, the jet can be efficiently injected into
the separation region (inserted between the two substrates) .
The jet ejection conditions are determined in
25  accordance with the type of separation region (e.q., a porous

layer) or the shape of the side surface of the bonded substrate
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conprises setting the pressure of the fluid to be ejected 15 fromthe jet

unit to be relatively high i A—separating——wcinities of peripheral and

central portions of a separation surface of the object to be separated
and setting the pressure TblfsshehtéiaﬁBm@enlaedae ejected fromthe jet unit

to be relatively low in s ternedlate portion between the
20 wvicinities of the peripher ral portions. I'n
ro

t he separating nethod, the cont st ep pre erably conpri ses changi ng
the condition for ejecting the fluid from the jet unit in accordance

with a relativetpekl.ti Digdrtant padhabienrshid thet yEerilde iotl coviii £ Aok t he
object to be 25 separated. In the separating nethod, the
control step paekethblpressure applied to the jet medium, the jet scanning
speed, the width or diameter of the nozzle (the nozzle
diameter is almost the same as the jet diameter), the nozzle
5 shape, the distance between the nozzle and the separation
region, and the flow rate of the jet medium.
The following techniques are used to separate the bonded
subétrate stack. 1) The jet is injected into the bonding
interface parallel to the bonding interface while the nozzle
10 is scanned along the bonding interface. 2) The jet is
injected into the bonding interface parallel to the bonding
interface while the bonded substrate stack is scanned. 3)
The jet is injected into the bonding interface parallel to
the bonding interface and simultaneously scanned in a fan
15 shape at a pivot near the nozzle. 4) The jet is injected
into the bonding interface parallel to the bonding interface
while the bonded substrate stack is rotated about nearly the
center of the bonded substrate stack (this technique is
particularly effective when the bonded substrate stack has
20 a disk shape). 5.) The jet is injected into the bonding
interface parallel to the bonding interface while the jet
nozzle directing the center of the bonded substrate stack...
is scanned along the side surface of the bonded substrate
stack. The jet need not always be ejected to be perfectly
25 parallel to the bonding interface.

To prevent damage to the substrate, the separation force

- 16 -
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- 8- conpri han ing'the condition for ejecting the fluid from
the jet unit "as a?ﬁﬁm—c’m.\ The separating met ho]g .
referably further ThaRRi executing separation processing for e
gbj ect whiyl e 5 sc LS Becn, laced)i t g ong the separation surface of the
obj ect to be separ atjg"agm l l

conpri ses exec

The separating nethod preferably further
n processing for the object while
rotating the object about an axis perpendicular to the :

applied to the bonded substrate stack in the axial direction
is preferably several hundred gf per cm?®.
Fig. 3 is a view showing the schematic arrangement of
a separating apparatus according to the preferred embodiment
5 of thepresent invention. A separating apparatus 100 injects
a jet into the porous layer of the bonded substrate stack
to separate the bonded substrate stack into two substrates.
The separating apparatus 100 has substrate holding
portions 108 and 109 having vacuum chuck mechanisms 108a and

10 109a. A bonded substrate stack 101 is sandwiched by the
substrate holding portions 108 and 109 and held. The bonded
substrate stack 101 has a porous layer 101b as a fragile
structure. The separating apparatus 100 separates the
bonded substrate stack into two substrates 10la and 10lc at

15 the porous layer 101b. Inthis separatingapparatus 100, the
bonded substrate stack is set such that the substrate 10la
is placed on the first substrate 10' side in Fig. 1D and the
substrate 101c is placed on the second substrate (10" + 20)
side in Fig. 1D. .

20 The substrate holding portions 108 and 109 are present
on the same central axis. The substrate holding portion 108
is coupled to one end of a rotary; shaft 106 which is rotatably

~axially supported by a support base 102 through bearings 104.
The other end of the rotary shaft 106 is coupled to the rotary
25 shaft of a driving source (e.g., a motor) 110 fixed on the

support portion 110. The rotational force generated by the
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10 separation surface of the object to be separ at ed. In the

separating nethod, the object to be separated preferably h?s a fragile
| ay zﬁg&ﬁ lh@d | ayer. The fragile layer is preferably a porous
Iayg]'lrrhm@'ﬁeeaﬂ |ng a mcrocavity. 15. According to an
aspec I nvention, there I's provided nethod of o
manuf conductor substrate, characterized by conprising

t he steps of forn1ng a first substrate in which a porous layer and a
non- por ous | ayer are sequentially fornmed on one surface, bonding the
20 first subsyiavengOssus8EONth Stbedted &he %oh'&%dngﬁbg F Qs stack k! fyer to
forma bonded substrate stack, and separating the bonded strate

stack into twovaghaihr-eheskedli lbyl’ e hibitrate hdlidihgOboktilbd 108t herporous
I ayer of the bonded substrate
separating the bonded substrate stack 101, the driving source
110 rotates the rotary shaft 106 at a designated rotation
5 speed in accordance with an instruction from a controllér
(not shown) .

The substrate holding portior_t 109 is coupled to one end
of a rotary shaft 107 which is rotatably and slidably axiallir
supported by a support portion 103 through bearings 105. The

10 other end of the rotary shaft 107 is coupled to a driving
source (e.g., a motor) 111. The speed at which the driving
source 110 rotates the rotary shaft 106 and that at which
the driving source 111 rotates the rotary shaft 107 must
apparently equal each other to prevent the bonded substrate

15 stack 101 from twisting.

Both the driving sources 110 and 111 need not always
be prepared, and either one of themmay suffice. For example,
when'only'the driving source 110 is used, before the bonded
substrate stack 101 is separated, the rotary shaft 106,

20 substrate holding portion 108, bonded substrate stack 101,
substrate holding portion 109, and rotary shaft 107
integrally rotate. After the bonded substrate stack 101 is. ..
separated into two substrates, the members on the rotary
shaft 107 side come to a halt.

25 Alternatively, the rotational force generated by one

driving source may be branched into two forces so that the
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stack, wherein the separation step conprises changing a 25
ejecting the fluid in accordance wth progress

-9-

there is provided a nethod of nmanufacturing a sem conduct or
characterized by conprising the steps of i npl anting iong
surface of a substrate consisting of 5 a single-crystal se

condition for

of the separation step.

According to another aspect of the presentThis SNgiHas 8&n Replaced

a predeterm ned depth,

10

15

20

25

rotary shafts 106 and- 107 are rotated by the branched
rotational forces, respectively.

A spring 113 for pressing the bonded substrate stack
101 is attached to the support portion 103 supporting the
rotai:y shaft 107. Therefore, even when the bonded substrate
stack 101 is not chucked by the vacuum chuck mechanisms 108a
and 109a, the two substrates separated by the jet ejected
from a jet nozzle 112 do not drop. In addition, when the
bonded substrate stack 101 is separated while being pressed,
the bonded substrate stack 101 can be stably held during
separation.

A spring for pressing the bonded substi:‘ate stack 101
may also be arranged on the rotary shaft 106 side.

The separating apparatus 100 has an adjustment
mechanism fof adjusting the interval between the substrate
holding portions 108 and 109.

Fig. 5 is a view showing the first arrangement of the
adjustment mechanism. Fig. 5 shows an adjustmgant mechanism
using an air cylinder 122. The air cylinder 122 is fixed on,
e.g., the support portion 103. The driving source 111 is
moved by a piston rod 121. To set the bonded substrate stack
101 in the separating apparatus 100, the air cylinder 122
is controlled to move the driving source 111 in a direction
in which the interval between the substrate holding portions
108 and 109 increases (in the positive direction of X-axis).

In this state, the bonded substrate stack 101 is set between

- 19 -
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thereby formng a first substrate in which a mcrocavity | ayer is
formed, bonding a second substrate to a fromt—surface ~Side of the
first substrate to forma bonded substrate stack and s arating the

bonded substrate stack into two substrates a jet of
fluid to the mcrocavity | ayer of t he bo

stack wher ei n
the separation step conpri ses changing a

ejecting the

fluid in accordance with progress of the separ at | on st ep

Further objects, features and advantages of the present i nvention wl |

becone apparenthbr sobsheatel haldirg getraiilond 108 ald@s‘ms,pbndndeiveﬁbodf ment s

of the present invention with reference to the acconpanyi ng draw ngs.

BRI EF DESCRI PTitbs ©ks o ModANRMNGS, the air cylinder 122 is canceled. The
substrate holding portion 109 presses the bonded substrate
stack 101 'by the action of the spring 113.

5 Fig. 6 is a view shoWing the second arrangement of the
adjustment mechanism. Fig. 6 shows an adjustment mechanism
using an eccentric cam 131 and a motor. The eccentric cam
131 is coupled to the motor (not shown). The i_nterval between
the substrate holding portions 108 and 109 is adjusted by

10 reciprocally moving a driving plate 132 coupled to the rear
end of the motor 111. As described above, the spring 113
applies a force to the rotary shaft 107. in the negative
direction of X-axis. When the bonded substrate stack 101 is
to be held, a gap is formed between the eccentric cam 131

15 and the driving plate 132. Theréfore, when the bonded
substrate stack 101 is to be held, a press force acts on the
bonded substrate stack 101.

The above mechanism for adjusting the interval between
the substrate holding portions 108 and 109 may also be mountéd

20 on the substrate holding portion 108 side.

A high-pressure pump 115 is coupled to the jet nozzle
112. When a high-pressure jet medium (e.g., water) is sent
from the high-pressure pump 115 to the jet noz;le 112, a jet
is ejected from the jet nozzle 112. The pressuré applied to

25 the jet medium by the high-pressure pump 115 is controlled

‘by a pressure control section 116.
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20 Figs. 1A to 1E are views for explaining a nethod of

manuf acturing an SO substrate accordi ngtothe—preferred enbodi nent
of the present invention; Figs. 2A and 2B are views showing a
force acting on-a bonded substrate etH eheR@[aeﬁence and absence

of a 25 V-shaped groove; Fig. OWI ng the schematlc
arrangenent of .
a

REPLACEMENT SHEET separati ng
apparatus according to the first enbodi ment of

Substrate separation processing by the separating
apparatus 100 will be described next.

To set the bonded substrate stéék 101 in the separating
apparatus 100, first, the bonded substrate stack 101 is

.5 inserted between the substrate holding i)ortions 108 and 109
by a conveyor robot and held while the center of the bonded
substrate stack 101 matches that of the substrate holding
portions 108 and 109. The bonded substrate stack 101 is
vacuum-chucked by the substrate holding portion 108.

10 Next, the substrate holding portion 109.is pressed
against the bonded substrate stack 101 by the force of the
spring 113. More specifically, when the adjustment
meché.nism shown in Fig. 5 is employed to adjust the interval
between the substrate holding portions 108 and 109, driving

15 of the piston rod 121 by the air cylinder 122 is canceled.
When the adjustment mechanism shown in Fig. 6 is employed,
the eccentric cam 131 is rotated such that the press force
of the spring 113 acts on the bonded substrate stack 101.

When separation processing is to be executed, the bonded

20 substrate stack 101 need not always be vacuum-chucked by the
vacuum chuck mechanisms 108a and 109a. This is be.cause the
bonded substrate stack 101 is held by the press force of the
spring 113. However, when a weak press force 1s used, the
bonded substrate stack 101 is preferably wvacuum-chucked.

25 The rotary shafts 106 and 107 are rotated by the driving

sources 110 and 111 in synchronism with each other. 1In this
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t he present
ar rrangenent

i nventi on;

of

rhp separating apparatus according to the first

enbodi nent

5

of the present invention;

t he 'ﬂhlerhrtetHasBasn d of an adj ust nent nechani sm Fig. 6is
a V|e second arrangenment of the adj ust nent mechani sm 10
Fig. omﬁng an exanple of a jet nozzle driving robot;

Fig.

robot,
pr ocessi ng;

10

15

20

25

V|em/s ow ng anot her exanple of the jet

Fig. 9 is a chart showing control in separation 15
state, the high-pressure jet medium (e.g., water) is sent

from the high-pressure pump 115 to the jet nozzle 112 while
the pressure is controlled by the pressure control section
116, thereby ejecting a high-speed, high-pressure jet from
the jet nozzle 112. The ejected jet is injected into the
separation region of the bonded substrate stack 101. When
the jet is injeqted, the porous layer 101b or the fragile
structure of the bonded substrate stack 101 is broken, so
the bonded substrate stack 101 is separated into two
substrates at the porous layer 101b.

Subsequently, while injecting the jet into the
separation region (porous layer 101b) of the bonded substrate
stack 101, the two separated substrates 10la and 10lc are
physically split from each other. More specifically, when
the adjustment mechanism shown inFig. 5 is employed to adjust
the interval between the substrate holding portions 108 and
109, the piston rod 121 is driven by the air cylinder 122
in the positive direction of X-axis (direction.in.whioh the
spring 113 compresses) while the substrates are vacuum-
chucked by the substrate holding portions 108 and 109,

respectively. When the adjustment mechanism shown in Fig.

. 6 is employed, the eccentric cam 131 is rotated to drive the

rotary shaft 107 in the positive direction of X-axis
(direction in which the spring 113 compresses) while the
substrates are vacuum-chucked by the substrate holding

portions 108 and 109, respectively.
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Fig. 10 is a chart showing control in separation processing;
Fig. 11 is a chart showng control in separation processing; 20

Fig. 12 is a y.e ' force of jet acting on t he bonded
sugstrate'stac .?¥Y1e§tfi8¥\f3£91{ %E;d. 13 is _aJ vi ew showi ng the arrangenment of a
separating HHHMHH IlH ording to the.second enbodi mrent of the present
I nvention; 25 1Ml s a view showi ng the arrangenent of a
separati ng apparatus according to the third enbodi mrent of the present
REPLACEMENT SHEET : :

' Then the substrates 10la and 101c are completely split,

as shown in Fig. 4, jet ejection is stopped, and the substrates
are detached from the substrate holding portior;s 108 and 109
by, e.g., the conveyor robot.

5 The jet nozzle 112 may be fixed in position but is
preferably movable. Thié is because the position of the jet
nozzle 112 is preferably adjusted in accordance with the type
or size of bonded substrate stack 101.

Fig. 7 is a view showing the driving robot of the jet
10 nozzle 112. A driving robot 160 shown in Fig. 7 moves the
jet nozzle 112 along a path 170. When the bonded substrate
stack 101 is to be attached/detached to/from the substrate
holding portions 108 and 109, the driving robot 160 moves
the jet nozzle 112 to aretreat position171. When the bonded
15 substrate stack 101 is to be separated and split, the driving
robot 160 moves the jet nozzle 112 to an operation position
172. As described above, when the jét nozzle ll2 is retreéted
in attaching/detaching the bonded substrate stack 101, the
operation of attaching/detaching the bonded substrate stack
20 101 and, more particularly, the operation of
attaching/detaching the bonded substrate stack 101 us ing the
conveyor robot can be efficiently performed.
It is also effective to scan the jet nozzlé 112 on the
separation region of the bonded substrate stack 101 in the
250 planar direction of the bonded substrate stack 101 during

separation and split of the bonded substrate stack 101. 1In
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-11- I nventi DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MVENTS QD-m"mant s of the present invention will
be 5 described bel msuesthzagﬁiﬁ% ce to the acconpanyi ng draw ngs.

Figs. 1A to 1E are vie g a met hod of manuf acturing an
SO substrate accordin enmbodi ment of the present
I nventi on.

|ngle crystal Si substrate 11 is 10
prepared, and a porous Si Iayer 12 is forned by anodizing on the
surface of the single-crystal Si substrate 11. In Fig.
this case, the bonded substrate stack 101 can be separated
well without rotating it.

Fig. 8 is. a view showing another example of the driving
robot of the jet nozzle 1i2. A driving robot 161 shown in

O Fig. 8 moves the jet nozzle 112 along a path 180. When the
bonded substrate stack 101 is to be attached/detached to/from
the substrate holding portions 108 and 109, the driving robot
161 moves the jet nozzle 112 to a retreat position 181. When
the bonded substrate stack 101 is to be separated and split,

10 the driving robot 161 moves the jet nozzle 112 to an operation
position 182. As described above, when the jet nozzle 112
is retreated in attaching/detaching the bonded substrate
stack 101, the operation of attaching/detaching the bonded
substrate stack 101 and, more particularly, the operation

15 of attaching/detaching the bonded substrate stack 101 using
the conveyor robot can be efficiently performed.

It is also effective to scan the jet nozzle 112 on the
separation region of the bonded substrate stack 101 in the
planar direction of the bonded substrate stack 101 during

20 separation and split of the bonded substrate stack 101. In
this case, the bonded substrate stack 101 can be separated
well without rotating it.

The separating apparatus 100 separates the bonded
substrate stack while appropriately changing the jet

25 pressure. The reason for this is as follows.

The jet pressure required to separate the bonded
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1B, a single-crystal Si layer 13 as a non-porous |layer is epitaxially
grown on the porous Si |ayer 12. After this, the surface of the

single-crystal Si layer 13 Ismlsgécgﬁ gteRe 15 an Si(err] layer 15.

Wth this process, a first subs |s f or med. In Fig.
1C, a single-crystal Si substraﬂm "I”l ,'Hr ed as asecondsubstrate
20. The first and the second su 10 and 20 are brought into

contact with each other at .room 20 tenperature such that the SiQ2 |ayer

15 of the first substrate 10 faces the second substrate 20. The first
and the secondsubstragbsstadles 010changad dderdingednbyha iBANdENthe
pressi ng, heating, or a conbination thereof. Wth this process, the

second subst r asepaPatihont hegSo) @f rihe dymidelb salbathiatel gtherdedror 25 The
Sigerr] layer 15 nay be fornmed on the single-crystal Si
example, the separation force acting on the bonded substrate
stack changes between the peripheral and the central portions
9 of the bonded substrate stack 101, so the jet pressure
necessary for separation changes between the peribheral and
the central portions. When the bonded sﬁbstrate stack 101
is to be separated ﬁsing a constant jet pressure, a
high-pressure jet must be used throughout the separation
10 processing. In this case, the bonded substrate stack or
separated substrates may break or be damaged, resulting in
a low yield.

To solve this problem, the mechanical strength of the

separation region can be lowered. However, when the

15 separation region is made excessively fragile, the
separation region readily breaks in the step of bonding or
cleaning the two substrates (first and second substrates),
so it becomes difficult to manufacture a substrate with
desired quality. 1In addition, particles may be generated

20 from the broken separation region to contaminate the
manufacturing apparatus and the like.

To appropriately control the jet pressure during bonded
substrate stack separation processing, the pressure is
controlled on the basis of the positional relationship

25  ©between the jet nozzle 112 and the bonded substrate stack

101 or in accordance with time.
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substrate 11 side, as described above, or may be forned on

-12- t he second substrate 20 or on bhoth-the single-crystal Si
substrate 11 and the second substrate 20 sides as far as the state
shown in Fig. 1C is obtained by brThigh Hismeenfneplactedand second

substrates into contact. 5 e two substrates bonded
to each other are separated a | ayer 12. The second
substrate side has a multilay of porous Si |ayer 12",

Figs. 9 to 11 are charts showing examples of jet pressure
control during separation processing. The pressure control
section 116 controls the pressure (jet pressure) generated
by the high-pressure pump 115, on the basis of one of the

5 control procedures shown in Figs. 9 to 11.

Fig. 9 shows a control example in which separation
processing is executed while fixing the jet nozzle 112 at
the operation position 172 or 182 shown in Fig. 7 or 8 and
rotating the bonded substrate stack 101. In the example

10 shown in Fig. 9, the jet pressure is adjusted in three steps.
In aperiod Tl, the peripheral portion of the bonded substrate
stack 101 is mainly separated. During the period T1l, the jet
injected into the bonded substrate stack 101 is easily
discharged, and the separation force hardly acts on the

15 Dbonded substrate stack 101, so the jet pressure is set to
be high. At the peripheral portion of the bonded substrate
stack 101, the jet medium is easily discharged, as described
above. For this reason, even when the jet pressure is set
to be relatively high, the bonded substrate stack 101 does

20 not break.

In a period T2, the intermediate portion between the
peripheral ﬁortion and the central portion of the bonded
substrate stack 101 (to be simply referred to as an
intermediate portion hereinafter) is mainly separated.

25 Since the speed of jet lowers at the intermediate portion,

the function of separating the bonded substrate stack 101
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single-crystal Si layer 13, Si(Jerr] layer 15, and single-crystal Si
substrate 14. On the first substrate 10 side, a porous 10 S T'?yer 12" is
formed on the single-crystal Si substrate . After
separation, the remaining porous Si |ayer 12' TihlS%ﬂIeetHasBeenRelccﬁdfromthe
substrate 10'. The surface of the substrate ﬂlﬂlﬂiﬂ”ﬂ!lﬁ arized, as
needed, so the substrate 10' is used 15 again rystal Si
substrate 11 for formng a first substrate 10. After the
bonded substrate stack is separated, in Fig. 1E, the porous |ayer 12"
on the second gelxrbhatd@uisicdaHeldmpact of theGetimedAineEL t¥hy ﬁr@?dﬁ&nsWth
this process, a substrate 20 having a nultilayered structure o

si ngl e- cryst al 18yelrayesiowever, A% thesutairimedibaygepoditiomndhe AdéchaFryst al

Si substrate 14,
paths of the jet medium injected into the bonded substrate

stack 101 decrease. The separation force due to the pressure
5 of the jet medium injected into the bonded substrate stack
101 increases, and the bonded substrate stack 101 is
separated mainly by this separation force. When the same
pressure as that for the peripheral portion is applied to
the jet medium, the bonded substrate stack 101 may break.
10 For this reason, the pressure of the jet medium is set to
be relatively low at the intermediate portion. |

In a period T3, the central portion of the bonded
substrate stack 101 is mainly separated. When the separated
portion is close to the central portion, the separated

15 portion of the bonded substrate stack 101 warps to increase
the discharge paths of the jet medium. The pressure of the
jet medium is reduced as compared to that in separating the
intermediate portion, resulting in a smaller separation
force. For thisreason, at the central portion, the pressure

20 of the jet medium is preferably set to be higher than that
in separating the intermediate portion.

As described above, by appropriately changing. the
pressure of jet to be ejected from the jet nqzzle 112 in
accordance with the time elapse in separation processing,

25 damage to the bonded substrate stack can be reduced while

increasing the efficiency of separation processing.
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i.e., an SO structure is obtained. In this enbodinment, in the

step shown in Fig. 1D, i.e., In the step of separatingthe-two
substrates bonded to each 25 other (to be referred to as a bonded
substrate stack herei nafter), a separating apparatus f

- 13 - ejecting a high-pressure liquid or gas (fluid
Si layer as a separation region is used to separate t he
stack into two substrates at the separation regio

< TR

Fig. 10 shows a control example in which separation
processing is executed while scanning the jet nozzle 112
along the separation region of the bonded substrate .stack
101 and simultaneously rotating the bonded substrate stack

5 101. Fig. 12 is a \}iew showing the force of jet acting on
the bonded substrate stack 101. When the jet is injected
toward the peripheral portion of the bonded substrate stack
101, the jet injected against the bonded substrate stack 101
is easily discharged outward, as shown in Fig. 12, and the

10 séparation force of je't does not efficiently act on the bonded
substrate stack 101. On the other hand, when the jet is
injected toward the central portion of the bonded substrate
stack 101, the jet injected against the bonded substrate
stack 101 efficiently separates the bonded substrate stack

15 101. According to this example, when the jet nozzle 112 is
to be scanned along the porous layer, the jet pressure is
preferably changed in accordance with the positional
relationship between the jet nozzle 112 and the bonded
substrate stack 101.

20 In a section Y1, the jet pressure is stabilized. 1In
a section Y2, the peripheral portion of the bonded substrate
stack 101 is mainly separated. In this se_ction Y2, since the
jet is not efficiently injected against the bonded substrate
stack 101, the jet pressure is preferably set to be relatively

25 high, as described above.

In a section Y3, the intermediate portion of the bonded
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[ Basi ¢ Arrangenent of Separating Appar at us] 5 Thi s separating

apparatus uses a water jet nethod. Generally, the water jet nethod

ej ects a hi gh-speed, hi gh- pressure stream of water upon an object to,
e.g., cut or process a ceramc, a netal, a concrete, a resin, a
rubber, or a wood nenber, renove a coating filmfromthe surface, 10
or clean the surface ("Water Jet", Vol. 1, No. 1, page 4, (1984)).
Thi s separating apparatus ejects a hi gh-speed, hi gh- pressure st eam of
fluid to the porous |ayer (separation region) of the bonded substrate
stack as a fragib8tshtdGrdck 10D i sk {18 skPatitedi I a6l £k Rbctybsivat e
surface to selectively break the porous |ayer, thereby separating the

f_ubSE rate at sinckheh@ofetiseffi€ientine sep@@tes! khbebhbaBedr 88bserase @
Jel stack 101, as compared to the section Y2, the jet pressure

is preferably set to be lower than that in the section Y2
5 to prevent damage to the bonded substrate stack 101.

In a section Y4, the central portion of the bonded
substrate stack 101 is mainly sepérated. When the seﬁ)arated
portion is close to the central portion by scanning the jet
nozzle 112, the separated portion of the bonded substrate

10 stack 101 warps to increase the discharge paths of the jet
medium. The pressure of the jet medium is reduced as compared
to that in separating the intermediate portion, resulting
in a smaller separation force. For this reason, at the
central portion, the pressure of the jet medium is preferably

15 set to be higher than that in separating the intermediate
portion. In this example, the bonded substrate stack 101 is
sepafated while rotating it. Hence, separation of the bonded
substrate stack 101 is complete when the jet nozzle 112 is
scanned from the peripheral portion to the central portion

20 of the bonded substrate stack 101. In a section Y5, the
pressure of the high-pressure pump is gradually reducea to
stop the pump operation.

As described above, when the pressure of jet ejected
from the jet nozzle 112 is appropriately changed in

25 accordance with the positional relationship between the jet

nozzle 112 and the bonded substrate stack 101, damage to the

—
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hereinafter. The fluid formng a jet will be referred to as a "jet
medium'. As the jet nedium it is possible to use an 20 water, organic
sol vent such as al cohol, an acid such as fluoric acid or nitric acid,
an al kali such as potassium hydr oxi de, a gas such as air, nitrogen
gas, carbonic acid gas, rare gas, or an etching gas, or a plasnma.

In this separating apparatus, a jet is ejected to the 25 porous |ayer
(separation region) exposed to the side surface of the bonded
substrate stack, thereby renoving the porous

- 14 - bonded substrate stack can be reduced while increasing the
efficiency of separation processing.

Fig. 11 shows another control example in which
separation prbcessing is execﬁted while scanning the jet

5 nozzle 112 along the separation region of the bonded |
substrate stack and simultaneously rotating the bonded
substrate stack 101. In this control example, the jet
pressure is more smoothly changed in the section from the
peripheral portion to the intermediate portion and in the

10 section from the intermediate portion to the central portion,
as compéred to the control example shown in Fig. 10.

In the section Y1, the jet pressure is stabilized. In
the section Y2, the peripheral portion of the bonded
substrate stack 101 ismainly separated. Inthis section Y2,

15 since the jet is not efficiently injected against the bonded
substrate stack 101, the jet pressure is preferably set to
be relatively high,'as described above.

In the sections ¥3 and Y4, the intermediate portion of
the bonded substrate stack 101 is mainly separated. In the

20 section Y3, the jet pressure is gradually reduced. In the
section Y4, the jet pressure is graduallylraiSed.

In the section Y5, the central portion of the bonded
substrate stack 101 is mainly separated. In a section Y6,
the pressure of the high-pressure pump is gradually reduced

25 to stop the pump operation.

As described above, when the pressure of jet ejected
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| ayer fromthe peripheral portion to the central portion.- Wth this
process, the bonded substrate stack is separated - into two substrates
by renoving only the separation region wi th | ow nechani cal strength

wi t hout damagi ng the main body. 5 Even when the side surface of the bonded
substrate stack is covered with some thin layer, and the porous [ayer

I S not exposed, the thin layer can be renoved by the jet, so the
bonded substrate stack can be separated by the above- descri bed

met hod. 10 At the peripheral portion of the bonded substrate stack,

the effect for fgphi thengethfobenderh > uks tgmiothiyaekahgb8 {MOaccordance
substrates effectively acts when a V-shaped (concave) groove 1s forned
in the bonded wtibht tlx postiadionallongl4titorssliieo between the jet nozzle 112
and the bonded substrate stack 101, the bondéd substrate
stack 101 can be separated by a jet having a more appropriate
5 pressure.

The methods of changing the pressure of jet ejected from
the jet nozzle 112 are not limited to the above three examples.
The method can be appropriately changed in accordance with
the type or size of bonded substrate stack, the type or size

10 of separation layer, or the bonded substrate stack holding
- method.

The arrangement of a separating apparatus according to
the second embodiment of the present invention will be
described next. Fig. 13 is a view showing the arrangement

15 of the separating apparatus according to the second
embodiment of the present invention.

A separating apparatus 400 has subsﬁrate holding
portions 404 and 406 having vacuum chucks. A bonded
substrate stack 101 is sandwiched by the substrate holding

20 portions 404 and 406 and held. The bonded substrate stack
101 has a porous layer 10lb as a fragile structure. The
separating apparatus 400 separates the bonded substrate
stack into two substrates 10la and 10lc at the porous layer
101b. 1In this separating apparatus 400, the bonded substrate

25 stack is set such that the substrate 10la is placed on the

first substrate 10' side in Fig. 1D and the substrate 10lc
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surface. Figs. 2A and 2B are views showing a force acting 15 on the

bonded substrate stack in the presence and absence of a V-shaped
groove. Fig. 2A shows a bonded substrate stack havi ng aV-shaped
groove22. Fig.2B shows abondedsubstrate stack having no V-shaped

gr oove. As shown in Fig. 2A in the bonded substrate stack having
20 the V-shaped groove 22, a force (to be referred to as a separati on
force hereinafter) is applied outward fromthe center of the bonded
substrate stack, as indicated by an arrow 23. On the other hand, as

shown in Fig. 2B placédeoRofietsecond Subiitrate $10CKk+VRoN SidOnuerigf de
surface, a force 1s applied 25 inward fromthe side surface of the bonded

substrate stackp. as indicated by an arrow 24. In the bonded substrate
St ac_k The substrate holding portion 404 is coupled to one end
of a rotary shaft 403 which is rotatably axially supported
5 bya sﬁpport base 401 through a bearing 405. The other end
of the rotary shaft 403 is coupled to the rotary shaft of
amotor 402. The rotational force generated by the motor 402
rotates the bonded substrate stack 101 vacuum—-chucked by the
substrate holding portion 404. In separating the bonded
10 substrate stack 101, the motor 402 rotates the rotary shaft
403 at a designated rotation speed in accordance with an
instructiqn from a controller (not shown).
The substrate holding portion 406 is coupled to one end
of a rotary shaft 408 which is rotatably and slidably axially
15 supported by the support base 401 through a bearings 407.
A compression spring 409 is attached to the other end of the
rotary shaft 408. With this arrangement, the bonded
substrate stack 101 receives a force from the compression
spring 409 in a direction (X-axis direction) in which the
20 substrate 10la and the porous layer 101lb are spaced apart
from each other. Consequently, when the bonded substrate
stack 101 is separated into the substrate lOla side and the
substrate 10lc side by a jet from a jet nozzle 418, the
substrate 10la side moves in the X-axis direction to be split
25 frofn the substrate 10lc side.

Before the bonded substrate stack 101 is separated, the
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15 - ing a convex side surface, the separation force does not
act unless the side surface of the porous layer 12 as the separati on
I e Of1EyShéct HisBamRegladzg a et 21. - Even when a thin filmis forned

on t of .the bonded substrate stack, the separation
forc§ﬂm&“wmﬂ“ bonded substrate stack as far as the bonded

subs has the V-shaped groove 22, as shown in Fig. 2A, so
the thin | ayer can be easily broken. To effectively use the
jet, a wwdth WL of the V-shaped

rotational force of the rotary shaft 403 is transmitted to
the substrate holding portion 406 through the bonded
substrate stack 101. As a result, the rotary shaft 403,
substrate holding portion 404, bonded substrai.".e stack 101,
5 substrate holding portion 406, rotary shaft 408, and
compression spring 409 integrally rotate. When the bonded
substrate stack 101 is separated into two substrates, the
rotary shaft 408 stops.
An air cylinder 411 is arranged on the rear end side
10 (in the X-axis direction) of the rotary shaft 408. When the
bonded subsﬁrate stack 101 is to be held by the substrate
holding portions 404 and 406, the air cylinder 411 pushes
a piston rod to move the rear end of the rotary shaft 408
in a direction (negative direction of X-axis) in which the
15 compression spring 409 compresses (the state shown in Fig.
13) . After the bonded substrate stack 101 is held by suction
by the vacuum chucks, the air cylinder 411 retracts the piston
rod 410 (moves the piston rod 410 in the X-axis direction)
to allow to separate the bonded substrate stack 101. That
20 is, the air cylinder 411 pushes the piston rod 410 in setting
the bonded substrate stack 101 between the substrate holding
portions 404 and 406 and retracts the piston rod 410 upon.
completing setting.
To set the bonded substrate stack 101 in the separating
25 apparatus 400, the bonded subsﬁrate stack 101 is mounted on

a groove portion 412a of an alignment shaft 412 axially
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10 groove 22 is preferably equal to or larger than a dianeter d of the
jet 21. For exanpie, assune that each of the first substrate 10 and

the second subs Eﬁ‘ee 14k ckness of about 1 mm and the bonded
substrate stack Fﬁfﬂ of 2 nm Since the width W of the

V- shaped groove IIy 1 mm the dianeter of the jet is
preferably 1 nmm I nce a general waterjet apparatus uses a jet
W th a di arreter of 0.1 to 0.5 .mMmm such a general water jet apparatus
(e.g., a water jet nozzle) can be used. The nozzle for ejecting

a jet can havegtsported by the suppoltrvadep®ibthraaghobserindepEs and
exanpl e, when a slit-like nozzle is enployed to eject a jet having a
| ong rect &gyl axid Stetedri Orthd e gten cad WaOefisi pushedyto rpedigdchat o
the separation region (inserted between the two substrates).

substrate holding portion 406 into contact with the bonded

substrate stack 101, as described above. In this state, the

5 wvacuum chucks of the substrate holding portions 404 and 406

are actuated.

'i‘wo alignment shafts 412 are preferably arranged along
the Y-axis. In this case, only by placing_the bonded
substrate stack 101 on the two alignment shafts 412, the

10 position of the bonded substrate stack 101 with respect to
the three directions, i.e., the X-, Y-, and Z-directions can
be defined. This facilitates manual setting of the bonded
substrate stack 101. In addition, if a conveyor robot is to
be employed, the arrangement of ;he conveyor robot can be

15 simplified.

To remove the separated substrates, the substrate 101la
side moves in the X-axis direction upon completing separation
processing to split the two substrates. After this, the two
substrates are held by, e.g., the conveyor robot, and the

20 suction by the vacuum chucks of the substrate holding
portions 404 and 406 is released.

A high—préssure pump 419 is coupled to the jet nozzle
418. When a high-pressure jet medium is sent from the
high-pressure pump 419 to the jet nozzle 418, a jet is ejected

25 from the jet nozzle 418. The pressure applied to the jet

medium by the high-pressure pump 419 is controlled by a
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The jet ejection conditions are determined in 25 accordance wth the type
of separation region (e g, —a porous | ayer) or the shape of phe si de
surface of the bonded

bssiilr e _
- 16- stack. | npor das the jet ejection conditions
are the pressure applied ﬂﬂ H di um the jet scanning speed,
the wdth or dianmeter of he nozzl e di aneter is al nost the

same as the jet dianeter), the nozzle 5 shape, the distance between the
nozzl e and the separation region, and the flow rate of the jet nmedi um

pressure control section 420 in accordance with one of the

control procedures shown in Figs. 9 to 11.

A shutter 415 is used to prevent the jet from hitting

the bonded substrate stack 101 before the jet pressure
5 reaches a predetermined pressure.

In the separating apparatus 400 as well, the jet
pressure is appropriately controlled while the bonded
substrate stack is separated. For example, the jet pressure
is controlled on the basis of the positional relationship

10 between the jet nozzle 418 and the bonded substrate stack
101 or in accordance with time. The control examples shown
in Figs. 9 to 11 can also be applied to the separating
apparatus 400.

The arrangement of a separating apparatus according to

15 the third embodiment of the present invention will be
described next. Fig. 14 is a view showing the arrangement
of the separating apparatus according to the third embodiment
of the present invention. In a separating apparatus 200,
substrate holding portions 205 hold a bonded substrate stack

20 101 fixed in position, and a jet nozzle 202 is scanned by
a horizontal driving mechanism 204 along the separation layer
of the bonded substrate stack 101. Vertical position
adjustment of the jet nozzle 202 is performed by a vertical
driving mechanism 203.

25 In each of the above separating apparatuses, when the

strength of the separation region (porous layer) of the
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The foll ow ng techniques are used to separate the bonded substrate

stack. 1) The jet is injected into-the-bonding..——interface parallel to

t he bonding interface while the nozzle 10 is scanned al ong the bondi ng
interface. 2) The jet is et h&qbewhlng interface parallel
to the bonding I nterface mhlle t trate stack i s scanned.
3) The jet is injected into the ace parallel to t he
bondi ng i nterface and simultaneously scanned |n a an 15 shape at a pivot
near the nozzle. 4) The jet is injected into the bonding interface
paral l el to thpohasdi Sgbstiald ataick is Mbt lenifanordedjsthstesdherstiack is
rotated about nearly the center of the bonded substrate stack (this

technique is prefpasblyudditsted fiartdamndaeicet kdthonHedssubagtiat e st ack
has 20 a disk shape). 5) The jet is injected into the bonding
Each of the above separating apparatuses can be applied
to separate not only a semiconductor substrate such as a
5 Dbonded substrate stack but also various objects. The object
preferably has a fragile structure as a separation layer.
Each of the above separating apparatuses processes one
bonded substrate stack. However, when a plulqality of bonded
substrate stacks are aligned along the planar direction, and
10 the jet nozzle of the separating apparatus is scanned in the
planar direction, the plurality of bonded substrate stacks
can be separated at once. |
Alternatively, when a plurality of bonded substrate
stacks are aligned in the axial direction, and a mechanism
15 for scanning the jet nozzle of the separating apparatus in
the axial direction is used, the plurality of bonded
substrate stacks can be sequentially separated.
Application examples of the above separating _
apparatuses will be described below. The separating
20 apparatuses are especially suitable to separate a substrate
having a fragile layer as a separation layer. As the
separation layer, a porous layer, a microcavity layer formed
by ion implantation, or a heteroepitaxial layer with
distortion or defects concentrated at the crystal lattice
25 can be used. The separation layer may be formed from a

plurality of layers having different structures, e.g., a
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interface parallel to the bonding interface while the jet" nozzl e

directing the center of the bonded substrate stack

al ways be ejected to be perfectly 25 paralle

the side surface of the bonded substrate Th‘istSB&kHasEQ&xlbﬁ geed not

To prevent damage to the substrate, the separ aUlgﬂ, l“ mlm
- 17- applied to the bonded substrate

is preferably several hundred gf per cn®.

10

15

20

25

plurality of layers having different porosities.
(Example 1)

A first p- or n-type single-crystal Si substrate having
a siz'e of 6 inches and a resistivity of 0.01 Q cm was anodized
in an HF solution to form a porous Si layer (corresponding
to the step shown in Fig. 14). The anodizing conditions were
as follows.

Current density: 7 (mA/cm?)

Anodizing solution: HF : HO : CCHOH =1 : 1 : 1

Time: 11 (min)

Thickness of porous Si: 12 (um)

The porous Si is used to form a high-quality epitaxial
Si layer on the porous Si layer and also serves as a separation
layer. The thickness of the porous Si layer is not limited
to the above thickness and is preferably several hundred to
0.1 pm.

This substrate was oxidized in an oxygen atmosphere at
400°C for 1 hr. Upon oxidation, the inner wall of each pore
of the porous Si layer was éovered with a thermé.l oxide film.
The surface of the porous Si layer was treated with
hydrof luoiric acid to remove only the oxide f£ilm on the surface
of the porous Si layer while leaving the oxide film on the
inner wall of each pore. After this, single-crystal Si was
epitaxially grown on the porous Si layer to 0.3 pm by CVD
(Chemical Vapor Deposition). The growing conditions were as

follows.

- 37 -

THIS SHEET HAS BEEN
REPLACED

IS scanned al ong
ng interface.

X|al di rection



Fig. 3 is a view showi ng the schematic arrangenent of . a separating
apparatus according to the preferred enbodinent 5 of the-present
i nvention. A separating apparatus 100 injects a jet into the porous

| ayer of the bonded substrate stack to separate the borrdieahestHzs BeeaReplaced
stack into two substrates. The separating apparatus

substrate hol di ng portions 108 and 109 havi ng vacuum chu

108a and 10 109a. A bonded substrate stack 101 is sandw ch y e

substrate hol ding portions 108 and 109 and hel d. The bonded substrate
stack 101 has a porgofirtayg§asi01b ngglfzr/ggi l e structure. The
separati ng apparatus 100 separates the bonded substrate stack into two
substrates 10la andGadSlflaw rdte: t DeSphsousl)mirey 101b. In this separating
apparatus 100, the bonded substrate stack is set such that the
substrate 10la Gas pressure: 80 (Torr)

| Temperature: 950 (°C)

S Growth rate: 0.3 (um/min)

As an insulating layer, an oxide film (SiO, layer) having
a thickness of 200 nm was formed on the surface of the
epitaxial Si layer by thermal oxidation (corresponding to
the step shown in Fig. 1B).

10 The first substrate and a second Si substrate which was
independently prepared were stacked and brought into contact
with each other such that the surface of the §iO, layer of
the first substrate opposed the surface of the second
substrate. The resultant structure was subjected to a heat

15 _tfeatment at 1,100°C for 1 hr to bond the two substrates’
(corres_ponding to the step shown in Fig. 1C).

Next, the resultant bonded substrate stack 101 was
separated using the separating apparatus 200 shown in Fig.
14 (corresponding to the step shown inFig. 1D). Detailswill

20 be described below.

First, as shown in Fig. 14, the bonded substrate stack

101 was sandwiched by the substrate holding portions 205 and
verticaliy held. Pure water was ejected from the jet nozzle

202 having a diameter of 0.15mm at a pressure of 2,200 kgf/cm?.

25 The jet nozzle 202 was scanned, by the horizdntal driving

mechanism 204, immediately above the bonded substrate stack
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is placed on the first -substrate 10' side in Fig. 1D and the | Substrate

101c is placed on the second substrate (10" + 20) side in Fig. 1D. 20
The substrate hol ding portions 108 and 109 are present on the sane
central axis. The substrate hol ding portion 108 is coupled to one end
of a rotary shaft 106 which is rotatably axially supported by a
support base 102 through bearings 104. The other end of the rotary
shaft 106 is coupled to the rotary 25 shaft of a driving source (e.g., a
notor) 110 fixed on_the support portion 110. The rotational force

gener at ed by t k81 along the concave portion of the bevelling at a
predetermined speed of 10 mm/sec.
- While the jet nozzle 202 moved from a portion
immediately above i:he edge of the bonded sﬁbstrate stack 101
5 toward the center (in the scanning direction) of the bonded
substrate stack 101 by 15 mm, the jet pressure was maintained
at 2,200 kgf/cm’.

When the jet nozzle 202 passed the position, the jet
pressure was continuously reduced. The rate of pressure

10 reduction was -100 kgf/cm® per cm of the moving distance of
the jet nozzle 202. When the jet nozzle 202 passed
immediately above the center of the bonded substrate stack
101, the jet pressure was 1,600 kgf/cm?®.

..After the jet nozzle 202 passed immediately above the

15 center of the bonded substrate stack 101, the jet pressure
was raised at a rate of 100 kgf/cm® per cm of the moving
distance of the jet nozzle 202.

After the jet nozzle 202 passed a position 60 mm from
a portion immediately above the center of the bonded

20 . substrate stack 101, the jet pressure was fixed at 2,200
kgf/cm?. ]

An elastic member 206 (e.g., Viton, perfluoro rubber,
or silicone rubber) is preferably placed at the contact
portion between the substrate holding portion 205 and the

25 bonded substrate stack 101. In this case, since the bonded

substrate stack 101 separated into two substrates can be
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- 18- driving source 110 rotates the bonded substrate stack 101
vacuum chucked by the substrate holding portion 108. In separating the
bonded substrate stack 101, the driving source - 110 rotates the rotary
shaft 106 at a designated rotation 5 speed in accordance with an
I nstruction froma controller (not shown). The substrate
hol ding portion 109 is coupled to one end of a rotary shaft 107 which
is rotatably and slidably axially . supported by a support portion 103
t hrough bearings 105. The 10 other .end of the rotary shaft 107 is coupled
to a driving €asikpFracq®k apartafrgnegch prheme thgedat fanhe ieasidy |
driving source 110 rotates_the rqtary shaft 106 and that at which
injected against the bonded substrate stack 101 supported
by the substrate holding portions 205.
With the above process, the bonded substrate stack 101
5 was separated into two substrates at the porous layer as a
separation layer.
Various methods can be employed to hold the bonded
substrate stack 101. For example, the bonded substrate stack
101 may be held from both sides or held by a substrate holding

10 portion with a vacuum chuck. In the latter case, the bonded
substrate stack 101 may be pulled to both sides and held.
With this arrangement, the two substrates which are
physically separated are immediately split, so damage due
to friction between the two substrates can be prevented.

15 As a result, in addition to the SiO, layer and epitaxial
Si layer formed on the surface of the first substrate, part
of the porous Si layer was transferred to the second substrate
side. The porous Si layer was left on the surface of the first
substrate.

20 When 100 bonded substrate stacks were separated by this
method, about 90% of them were satisfactorily separated. On
the other hand, when bonded substrate stacks were separated
while maintaining a predetermined jet pressure, about 30%
of bonded substrate stacks were damaged during processing.

25 The porous Si layer transferred to the second substrate

was selectively etched under stirring in a mixed solution

- 40 - This Sheet Has Been Replaced

B

THIS SHEET HAS BEEN
REPLACED




the driving source 111 rotates the rotary shaft 107 nust apparently

equal each other to prevent the bonded substrate 15 staek—101—f+rom
tw sting. Both the driving sources 110 and 111 need not al ways
be prepared, and either one of them may suffice. For exarfibisgheet Has BeeyReplaced

only the driving source 110 is used, before the bonded Kk
101 is separated, the rotary shaft 106, 20 substrate hold [ ,
, an

bonded substrate stack 101, substrate hol ding portion 1 rotary
shaft 107 integrally rotate. After the bonded substrate stack 101 is
separ at ed i nt oof wb9% ulbpdraf bsorid eqirhizers 30%8 hiydrogear peroxidshaft 107
side cone to a halt. 25 Alternatively, the rotational force

gener at ed by ofeorrespomnding tadihe etepy showpr dncFég.i BED. t ithd or ces so

that the :
single-crystal Si layer of the second substrate served as

an etch stop layer. The porous Si layer was selectively
5 etched and completely removed.

The etching rate of the non-porous Si single crystal
for the above etchant is very low. The selectivity ratio to
the etching rate of the porous layer is 10"? §r more. The
etching amount of the non-porous layer (about several ten

10 A) is allowable for practical use.

With the above process, an SOI substrate having a 0 «2-um
thick single—crystél Si layer on the Si oxide filmwas formed.
The thickness of the single-crystal Si layer after the porous
Si layer was selectively etched was measured at 100 points

15 on the entire surface. The thickness was 201 nm + 4 nm.

Sectién observation with a transmission electron
microscope reveaied_that no new crystal defects were formed
in the single-crystal Si layer, and satisfactory
crystallinity was maintained. |

20 The resultant structure was subjected to a heat
treatment in hydrogen at 1,100°C for 1 hr, and the surface
roughness was.evaluated witﬁ an atomic forcemicroscope. The
mean square roughness in a 50-um square area was about .0.2
nm. This almost equals that of a commercially available S_i

25 wafer.

The same result as described above was obtained even
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-19 - rotary shafts 106 and 107 are ro rotated by the branched
rotational forces, respectively. W pressing the

bonded substrate stack 101 is attach&lsiﬁo t he support portion 103

supporting the 5 rotary shaft 107. Ther as BomnRepthten t he bonded
substrate stack 101 is not chucked b

uck nmechani sns
108a and 109a, the two substrates se jet ejected
froma jet nozzle 112 do not drop. In addition, mhen

when the oxide film (SiO,) was formed not on the surface of
the epitaxial layer but on the surface of the second substratel
or on both surfaces.

The porous Si layer left on the first substrate side

5 was selectively etched under stirring in a mixed solution
of water, 40% hydrofluoric acid, and 30% hydrogen peroxide.
When the resultant structure was subjected to a surface
tréatment such as hydrogen annealing or surface polishing,
the substrate could be recycled as the first or second

10 substrate.

In the above example, one bonded substrate stack was
processed. However, when a plurality of bonded substrate
stacks are aligned along the planar direction, and the jet
nozzle of the separating apparatus is scanned in the planar

15 direction, the plurality of bonded substrate stacks can be
separated at once.

Altérnatively, when a plurality of bohded substrate
stacks are aligned in the axial direction, and' a mechanism -
for scanning the jet nozzle of the separating apparatus in

20 the axial direction is used, the plurality of bonded
substrate stacks can be sequentially separated.

In the above example, the jet nozzle was scanned.
Instead, the bonded substrate stack may be scanned while the
jet nozzle is fixed in position.

25 In the above example, the separating apparatus 200 shown

in Fig. 14 was used. The separating apparatus 100 shown in
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bonded substrate stack 101 is separated while being pressed, 10 the

bonded substrate stack 101 |y held during separ ati on.
A spring for pressing the bonded substrate stack 101 may al so be

arranged on the rotary shaft mﬁb&hsatﬁgs.BeenR The separating apparat us
100 has an adjustnment 15 rrechgw ing the interval between the
substrate hol di ng portion Wﬂ’ Fig. 5is a view
showi ng the first arrangenent o justnent mechanism Fig. 5
shows an adj ustnment nechani sm using an air cylinder 122. The air
cylinder 122 iEBigixkdmwithe 86paraging tappaswimsr £0pshiovan it0OBig. The mehiyt vi ng
source 111 is noved by a piston rod 121. To set the bonded substrate
st ack 101benuge@d. separ ati ng apparatus 100, the air cylinder 122
(Example 2)

A first p- or n-type single-crystal Si substrate having

5 a resistivity of 0.01 Q cm was subjected to two-step
anodizing in an HF solution to form two porous layers (step
shown in Fig. 1A). The anodizing conditions were as follows.

<Anodizing of First Step>

Current density: 7 (mA/cm?)
10 Anodizing solution: HF : HO : CGHOH =1 : 1 : 1
Time: 10 (min)

Thickness of first porous Si: 4.5 (um)

<Anodizing of Second Step>

Current density: 20 (mA/cm?)
15 Anodizing solution: HF : HO : CGHOH = 1 : 1 : 1
Time: 2 (min)

Thickness of second porous Si: 2 (um)
A porous Si layer having a two-layered structure was
formed. The surface porous Si layer anodized at a low current
20 first was used to form a high-quality epitaxial Si layer,
and the lower porous Si layer (layer with high porosify)
anodized at a high current was used as a separation layer,
so the functions of the two layers were separated. The
thickness of the porous Si layer formed at a low current is
25 not limited to the above thickness (4.5 pm) and is suitably

several hundred to 0.1 um. The thickness of the porous Si
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Is controlled to nove the driving source 111 in a direction I n which
the interval between the substratetotding portions 25 108 and 109

i ncreases (in the p05|t|ve direction of X-axis). In this state, the
bonded substrate stack® BsentRepladede en )

-20 - t he subst portions 108 and 109, and driving of
the piston rod 121 by ﬁmu'!),myer 122 is cancel ed. The substrate
hol di ng portion 109 presses the bonded substrate stack 101 by the

action of the spring 113.
layer formed at a high current is also not limited to the

above thickness (2 um) as far as a thickness at which the
bonded substrate stack can be_ separated by jet is ensured.

After formation of the second porous Si layer, a third

5 layer or more layers having different porosities may be
formed.

This substrate was oxidized in an oxygen atmosphere at
400°C for 1 hr. Upon oxidation, the inner wa_.ll of each pore
of the porous Si layer was covered with a thermal oxide film.

10 The surface of the porous Si layer was treated with
hydrofluoric acid to remove only the oxide £ilmon the surface
of the porous Si layer while leaving the oxide film on the
inner wall of each pore. After this, single-crystal Si was

epitaxially grown on the porous Si layer to 0.3 um by CVD

15 (Chemical Vapor Deposition). The growing conditions were as
follows.
Source gas: SiH,Cl1,/H,

Gas flow rate: 0.5/180 (1/min)

Gas pressure: 80 (Torr)
20 Temperature: 900 (°C)
Growth rate: 0.3 (um/min)

As an insulating layer, an oxide £ilm (Si0O, layer) having
a thickness of 200 nm was formed on the surface of the
epitaxial Si layer by thermal oxidation (corresponding to
25 the step shown in Fig. 1B).

The first substrate and a second Si substrate which was
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5 Fig. 6 is a view showi ng the second arrangenent of the

adj ust ment nmechanism—Fig.—6 shows an adj ust nent mechani sm usi ng an

eccentric cam 131 and a notor. The eccentric cam 131 iscoupled to
t henot or (not‘Hﬂguﬁa}hgﬁuhR hegval between t he substrate hol di ng

portions 108 an ed by 10 reciprocally noving a driving
pl ate 132 coupl L end of the notor 111. As descri bed
above, the spri lies a force to the rotary shaft 107 in the

negati ve directlon of X-axis. Wien the bonded substrate stack 101 is
to be held, a igafependemtizdprepared whreestacked cwdmtlhdl the samdatke
driving plate 132. Therefore, when the bonded substrate stack 101 is

to be held, a qff €be Si0, eyt spposedshe surfagaiel thebserond substikatel.
The above nechani sm for adjusting the interval between
The resultant structure was subjected to a heat treatment
at 1,100°C for 1 hr to bond the two substrates (corresponding
5 to the step shown in Fig. 1C).
Next, the resultant bonded substrate st_ack 101 was
separated using the separating apparatus 400 shown in Fig.
13 (corresponding to the step shown inFig. 1D) . Detailswill
.be described below.

10 First, the bonded substrate stack 101 was held
vertically between the substrate holding portions 404 and
406, and the piston rod 410 was pushed to bring the substrate
holding portion 406 into contact with the bonded substrate
stack 101. In this state, the vé.cuum chucks of the substrate

15 holding portions 404 and 406 were actuated. The distance
between the bonded substrate stack 101 and the jet nozzle

- 418 is preferably 10 to 30 mm. In this example, the distance
was set to be 15 mm.
Subsequently, water as a jet medium was sent from the

20 high-pressure pump 419 to the. jet nozzle 418, and
stabilization of the jet was waited. The jet pressure was
set to be 500 kgf/cm® under the control of the pressure control
section 420. When the jet stabilized, the shutter 415 was
opened to inject the jet against the concave portion of the

25 Dbevelling of the bonded substrate stack 101. At this time,

the substrate holding portion 404 was rotated by the motor
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the substrate hol ding portions 108 and 109 nmay al so be mounted 20

subst+ate—hol-di-ng—porti on 108 side.

coupled to the jet nozzle

wat € sSheetHereenReplaceﬂrom the hig 3

ﬂ mﬂl d fromthe jet nozzle 112. The pressure applied to
ro

a jet
the j
pressure con

10

15

20

25

he hi gh-pressure punp 115 is controlled by a

ction 116. -21-

402 to rotate the bonded substrate stack 101.

Separation processing was performed by controlling the
high-pressure pump 419 in accordance with the procedure shown
in Fig. 9. First, separation processing was started while
maintaining the jet pressure at 500 kgf/cm’. For a period
of 20 to 80 sec after the start of separation processing,
separation processing was continued while maintaining the
jet pressure at 200 kgf/cm®?. For a period o_f 80 to 100 sec
after the start of separation processing, the unseparated
portion was separated at a higher jet pressure of 400 kgf/cm?.

With the above processing, the bonded substrate stack
101 was separated into two substrates by an appropriate
separation force without being damaged.

According to the separating apparatus 400, since the
two substrates separated from the bonded substrate stack 101
are immediately split from each other, the two substrates
after separation are unlikely to be damaged due to friction.

Although the method of separating the bonded substrate
stack without rotating it but instead scanning the jet
nozile, as in the separating apparatus 200 shown in Fig. 14,
is effective, the bonded substrate stack can be separated
using a 1ow—preséure jet when the bonded substrate stack 101
is separated while being rotated, as in the separating
apparatus 400 shown in Fig. 13. For example, when the
separating apparatus 200 shown in Fig. 14 uses a jet nozzle

202 having a diameter of 0.15 mm, a jet having a pressure
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Substrate separation processing by the separating apparatus 100 wi ||

be descri bed next. To set the bonded substrate stack 10% in—the\—
separati ng apparatus 100, first, the bonded substrate stack 101 is

i nserted between the substrate hol ding portions 108 and 109This Sheet %FenReplaced
conveyor robot and held while the center of the bonded uul

101 matches that of the substrate hol di ng portions 108

bonded substrate stack 101 is vacuum chucked by the substrate ho |ng
portion 108. 10 Next, the substrate hol ding portion 109 is pressed
agai nst the bondeuhsumgmfmtﬁchfl@,low kofe adrice refutined. Howewémg 113.
More specifically, when the adjustnent nmechani sm shown in Fig. 5is

enpl oyed to adjibsthe sepavedingl apparatis dO8nshown SEhEig atld heheibendsi t i ons

108 and 109, drivin
substgate stack can be separated using a jet having a pressure

of several hundred kgf/cm®. This is because when the jet is
5 injected against the central portion of the bonded substrate
stack 101, the separation force efficiently acts on the
internal portion of the bonded substrate stack 101.
The following effects can be obtained by reducing the
jet pressure.
10 1) Break or damage to the bonded substrate stack can be
prevented.
2) Since the high-pressure pump has sufficient capability,
a plurality of jet nozzles can be simultaneously used.
3) The high-pressure pump can be made compact and
15 1lightweight.
4) Since the degree of freedom in selection of the material
of the high-pressure pump or pipe system increases, a
material suitable for the type of jet medium (e.g., pure
water) can be selected.
20 5) sSince the noise of high-pressure pump or jet ejection
decreases, soundproofing measures can be easily taken.
In the separating apparatus 400 shown in Fig. 13, only
the substrate holding portion 404 side is driven, so a
twisting force may act én the bonded substrate stack 101.
25 If this force poses a problem, another motor is preferably

coupled to the substrate holding portion 406 side to drive
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15 of the piston rod 121 by the air cyI| 122 is cancel ed. VWhen
t he adj ust nent nechani smshown in Fig. 6 is errpl oye —the eccentric
cam 131 is rotated such that the press forqglsSheetH the spring 113 acts on

t he bonded substrate stack 101. cpd ocessing is to
be executed, the bonded 20 substrate staz\amm aI ways be
vacuum chucked by the vacuum chuck nec d 109a. This is
because the bonded substrate stack 101 is held by the press force of
t he spring 113. However, when a weak press force is used, the

bonded subst r atkessulb&taate | holstigice masitionsc 40 ahdc#@d. in 28 ynchronikme
rotary shafts 106 and 107 are rotated by the driving sources 110 and

111 in synchrovith ep¢lh @Eherother. In this
After the bonded substrate stack 101 was separated, the

porous Si layer transferred to the second substrate was

5 selectively etched under stirring in a mixed solution of 49%
hydrofluofic acid and 30% hydrogen peroxide (corresponding
to the steb shown in Fig. 1E). The single-crystal Si layer
served as an etch stop layer. The porous S_i layer was
selectively etched and completely removed.

10 | The etching rate of the non-porous Si single crystal
for the above etchant is very low. The selectivity ratio to
the etching rate of the porous layer is 10° or more. The
etching amount of the non-porous layer (abéut several ten
A) is allowable for practical use.

15 With the above process, an SOI substrate having a 0.2-pm
thick single-crystal Si layer on the Si oxide filmwas formed.
The thickness of the single-cxrystal Si layer after the porous
Si layer was selectively etched was measured at 100 points
on the entire surface. The thickness was 201 nm + 4 nm.

20 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 resultant structure was subjected to a heat
25 treatment in hydrogen at 1,100°C for 1 hr, and the surface

roughness was evaluated with an atomic forcemicroscope. The '
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-22 state, the high-pressure jet medium(e.g., water) is sent

fromthe high-pressure punp 115 to the jet nozzle 112 while t he
pressu ' ontrqlled by the pressure control section 116, thereby
€j eé‘?‘sgﬁeeéﬁ 6 qacg‘g, hi gh-pressure jet from 5 the jet nozzle 112. The
ej ecthlll ﬂﬂ IIE cted into the separation region of the bonded
substr . Wen the jet is injected, the porous |ayer 101b
or the fragile structure of the bonded substrate stack 101 is broken,
SO t he bonded substrate stack 101 is separated into two 10

substrates at TRaENpsEvase|wgughness in a 50-um s@regrent Was aboue 0.2

injecting the jet into the _
nm. This almost equals that of a commercially available Si
wafer.

The same result as described above was obtained even

5 when the oxide film (5i0,) was formed not oﬁ the surface of
the epitaxial layer but on the surface of the second substrate
or on both surfaces.

The porous Si layer left on the first_substrate side
was selectively etched under stirring in ‘a mixed solution

10 of water, 40% hydrofluoric acid, and 30% hydrogen peroxide.
When the resultant structure was subjected to a surface
treatment such as hydrogen annealing or sur_face polishing,
the substrate coﬁld be recycled as the first or second
substrate.

15 Even when the separating apparatus 100 shown in Fig.
3 was used as a separating apparatus, the same effects as
described above were obtained.

Even when the séparating apparatus 200 shown in Fig.
14 was employed, a satisfactory substrate was manufactured.

20 (Example 3)

An oxide film (SiO, layer) having a thickness of 400 nm
was formed on the surface of a.first single-crystal Si
substrate by thermal oxidation as an insulating layer. Next,
ions were implanted from the surface of the first substrate

25 such that the projection range stayed in the Si substrate.

With this process, a layer serving as a separation layer was
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separation region (porous |layer 101b) of the bonded substrate stack
101, the two separated substrates 10la and 101lc are physically split
from each ot her. when 15 the adjustnent mechani sm
shown in Fig. 51i5s 4B S tQﬁs ‘Ie RQIJIJ Jgdust the interval between the
Substrate holdlng d 109, the piston rod 121 is driven
by the air cyllnde he positive direction of X-axis (direction
in which the spring 113 conpresses) while the substrates are vacuum
20 chucked by the substrate hol ding portions 108 and 109,

respectivel y. fithered ks adflistoebiomelder sweshowa micrepvity lagersor

enpl oyed, the eccentric cam 131 is rotated to drive the rotary shaft
107 in the pos hieavidir depednien spegdes layer(gkraderih icorweispandingspring
113 conpresses) while the 25 substrates are vacuum chucked by the
substrate hol dihghe projection range.

The flrst substrate and a second Si substrate which was
5 independently prepared were brought into contact such that
the surféce of the Si0, layer oppo_sed the surface 6f the second
substrate. The resultant structure was subjected to a heat
treatment at 600°C for 10 hrs to bond the two substrates.
Before the two substrates were bonded, the substrates were
10 treated by N, plasma or the like to increase the bonding
strength.
The resultant bonded substrate stack 101 was separated
using the separating apparatus 400 shown in Fig. 13.
Separation processing was executed under the same conditions
15 as those in Example 2 except that the jet pressure was raised
by about 150 kgf/cm®? throughout processing. |
As a result, in addition to the SiO, layer and surface
single-crystal layver which were formed on the surface of the
first substrate to have a thickness of about 500 nm, part
20 of the separation layer was transferred to the second
substrate side. The separation layer was left on the surface
of the first substrate.
The separation surface of the separated second
substrate was polished by about 300 nm by a CMP (Chemical
25 Mechanical Polishing) apparatus to remove the damage layer

formed upon ion implantation and separation processing and
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portlons 108 and 109, respectively.

-23-

as shown in Fig. 4, jet egj

conveyor robot. The
preferably nnvable This is

Then them 101c are conpletely split,

Se s _sto ped and the substrates are :

det ached fron1the substrate 108 and 109 by, e.g., the
m 2may be fixed in position but

sition of the jet nozzle 112

is preferably adjusted in accordance WI th the type

10

15

20

25

was planarized.

With the above process, an SOI substratehaving a 0.2-um
thick single-crystal Si layer on the Si oxide filmwas formed.
The thickness of the single—crystal Si layer was measured
at 100 points on the entire surface. The thickness was 201
nm * 4 nm.

The resultant structure was subjected to a heat
treatment in hydrogen at 1,1005C for 1 hr, and the surface
roughness was evaluated with an atomic forcemicroscope. The
mean square roughness in a 50-Um square area was about 0.3
nm. This almost equals that of a commercially available Si
wafer. |

In this example, the surface region of the single-
crystal Si substrate (first substrate) is transferred to the
second substrate via the sepai:‘ation'layer formed by ion
implantation. Alternatively, an epitaxial wafer may be
used. A separation layer is formed at the lower portion of
the epitaxial layer by ion implantation, and the epitaxial
layer is transferred to the second substrate by separating
the substrate at the separation layer.

In the above example, after formation of the separation
layer by ion implantation, the SiO, layer on the surface of
the first substrate may be removed. After an epitaxial layer
and an SiO, layer are formed, the first substrate is bonded
to the second substrate, and the substrate is separated at

the separation layer, thereby transferring the epitaxial
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or size of bonded substrate stack—ieif————~——____ELg. 7 is a view show ng
the driving robot of the jet 10 nozzle 112. A driving robot 160 shown in
Fig. 7 noves the j et nozzle hegt Has Bean Rpplidad 170. When t he bonded

substrate stack 101 is' to be- hed to/fromthe substrate
hol di ng portions 108 and 109, the [ ,ﬂlGO noves the jet
nozzle 112 to aretreat position 171. en onded 15 substrate stack
101 is to be separated and split, the driving robot 160 noves the jet
nozzl e 112 to an operation position 172. As described above, when the
jet nozzle 112layercanda¥iQ} layeri hoathacsecrpdicsustinare.he bonded
substrate stack 101, the operation of attaching/detaching the bonded

substrate stack 20Eveniwher thesebsyeting appgratue bp@rshdwn iof Fig.

attachi ng/ det achi ng the_bonded substrate stack 101 using the
3 was used as a separating apparatus, the same effects as

described above were obtained.

5 Even when the separating apparatus 200 shown in Fig.
14 was employed, a satisfactory substrate was manufactured.
(Example 4) |

An SOI substrate was manufactured by t;he same method
as in Example 2 except that separation processing was

10 executed while scanning the jet nozzle on the separation
region of the bonded substrate stack.

A substrate 101 formed by the same method as in Example
2 was separated using the separating apparatus shown in Fig.
3. Details will be described below.

15 The bonded substrate stack 101 was vertically held
between the substrate holding portions 108 and 109 while
being pressed by the substrate holding portion 109. The
distance between the bonded substrate stack 101 and the jet
nozzle 112 is preferably 10 to 30 mm. In this example, the

20 distance was set to be 15 mm.

| In this example, the jet pressure was controlled on the

basis of the control example shown in Fig. 10. First, the
jet nozzle 112 was retreated to a position where the jet
ejected from the jet nozzle 112 did not hit the bonded

25 substrate stack 101 (the jet nozzle 112 may be retreated in

advance). A jet medium was sent from the high-pressure pump
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conveyor robot can be efficiently perforned. It is also

effective to scan the jet nozzle 112 on the separation region of the
bonded substrate stack 101 in the 25 p’hﬁd’@a@etﬁhi&@ﬁk Bcaf the bonded
substrate stack 101 during separatio the bonded
substrate stack 101. In Tum m Ml - 24-
this case, the bonded substrate stack 101 wel |

Wi thout rotating it. Fig. 8 is a view show ng anot her exanpl e of
t he driving

115 to the jet nozzle 112 to eject a jet from the jet nozzle
112, and at the same time, scanning of the jet nozzle 112
was started (section¥Yl). InthesectionYl, the jet pressure
was raised to 500 kgf/cm?®.

5 In the section Y2, the peripheral portion of the bonded
substrate stack 101 was mainly separated while maintaining
the jet pressure at 500 kgf/cm?. By separating the peripheral
portion of the bonded substrate stack.lol gsing a high-
pressure jet, 'the separation force can be efficiently applied

10 to the bonded substrate stack 101. |
In this éxample, the section ¥3 was set for 10 to 90
mm from the edge portion of the bonded substrate stack 101,
i.e., the portidn where separation was started (to be
referred to as a separation start position) - In the section
15 ¥3, the jet pressure was set to be 200 kgf/cm®. By setting
the jet pressure to be relatively low in the section ¥3, damage
to the bonded substrate stack 101 can be prevented.
Also, in this example, the section Y4 was set for 90
to 100 mm from the separation start position of the bonded
20 substrate stack 101. In this section, the jet pressure was
raised to 400 kgf/cm’ to separate the unseparated portion.
When the jet pressure is raised in separating the central
portion of the bonded substrate stack 101, an appropriate
separation force can be applied to the internal portion of
25 the bonded substrate stack 101. For this reason, the bonded

substrate stack 101 can be efficiently separated while
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robot of the jet nozzle 112. A driving robot 161 shown in

5 Fig. 8 noves

the jet nozzle 112 along a path 180. Wen the bonded substrate stack
101 is to be attached/ detached to/from ggkghQ%ldlng portions
108 and 109, the driving robot 161 ane e 112 to a
retreat position 181. \Wen t he bonded s [101 is to be
separated and split, 10 the driving robot et nozzle 112 to
an operation position 182. As descri bed above, mhen the jet nozzle 112
is retreated in attachi ng/detaching the bonded substrate stack 101,

t he operati on ptewdheiiy ndedmsgeacio ng-.t he bonded substrate stack 101

and, nore particularly, the operation 15 of attaching/detaching the bonded
substrate stack 101Insthg sectidmherTormhey gretr pheissuae Wwasegtaduablyy
per f or ned. It is also effective to scan the jet nozzle 112 on

t he reduced.

Even when the separating apparatus 400 shown in Fig.

5 13 was used as a separating apparatus, the same effects as

described above were obtained.

Even when the separating apparatus 200 shown in Fig.

14 was employed, a satisfactory substrate was manufactured.

(Example 5)

10 This example is the same as in Example 4 except that

the jet pressure was controlled on the basis of the control

example shown in Fig. 11.

The bonded substrate stack 101 formed by the same method

as in Example 2 was vertically supported between the

15 substrate holding portions 108 and 109 while being pressed

by the substrate holding portion 109. The distance between

the bonded substrate stack 101 and the jet nozzle 112 is

preferably 10 to 30 mm. In this example, the distance was

set to be 15 mm.

20 In this example, the jet pressure was controlled on the

basis of the control example shown in Fig. 11.

First, the

jet nozzle 112 was retreated to a position where the jet

ejected from the jet nozzle 112 did not hit the bonded

substrate stack 101 (the jet nozzle 112 may be retreated in

25 advance). A jet medium was sent from the high-pressure pump

115 to the jet nozzle 112 to eject a jet from the jet nozzle
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separation region of the bonded substrate stack 101 in the pl anar
direction of the bonded substrate stack 101 during 20 separation—and

split. of the bonded substrate stack 101. In this case, the bonded
substrate stack 101 can be separated wel | without rotat TigSheet Has Been Replaced
The separating apparatus 100 separates the bonded substra mu ‘Ilm“l
whi |l e appropriately changing the jet 25 pressure. The reaso

as follows. The jet pressure required to separate the bonded

- 25-

112, and at the same time, scanning of the jet nozzle 112
was started (section¥Yl). InthesectionYl, the jet pressure
was raised to 500 kgf/cm®.
In the section Y2, the peripheral portion of the bonded
5 substrate stack 101 was'mainly separated.whileimaintaining
the jet pressure at 500 kgf/cm®. By sepérating the peripheral
portion of the bonded substrate stack 101 using a high-
pressure jet, the separation force canbe efficiently applied
to the bonded substrate étack 101.

10 In this example, the section Y3 was set for 10 to 60
mm from the séparaﬁ:ion start position of the bonded substrate
stack 101. In the section Y3, separation processing was
executed while reducing the jet pressure from 500 kgf/cm® to
200 kgf/cm?. By separating the bonded substrate stack while

15 gradually reducing the jet pressure in the section ¥3, damage
to the stack can be prevented.

In this example, the section Y4 was set for 60 to 90
mm from the separation start position, and separation
processing was executed while gradually raising the jet

20 pressure to 400 kgf/cm®. The reason why the jet pressure is
gradually raised in the section Y4 is as follows. As the
separation region comes close to the central portion of the
bonded substrate stack 101, the discharge paths of the jet
medium injected into the bonded substrate stack 101 increase,

25 and accordingly, the separation force acting on the internal

portion of the bonded substrate stack 101 weakens. To
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substrate stack 101 changes depending on the portion of the separation

regi on of the bonded substrate stack. For exanpl e, the separation
force acting on the bonded substrate stack, changes b tvi/ee t he

peri pheral and the central portions 5 of th mﬁﬁi 14 stack 101,
So the jet pressure necessary for separati ween t he

peri pheral and the central portions. Wen strate stack

101 is to be separated using a constant jet pressure, _
hi gh-pressure jet nust be used throughout the separation 10 processing.

In this case, &heibdageDy spdstdal &aiaatioh proceSSPag At Ede SSlSEFaAL&h My
break or be damaged, resulting in a | ow yield.
force must be compensated.
'In this example, the section Y5 was set for 90 to 100
mm from the separation start position of the bonded substrate
5 stack 101. In this section, the unseparated portion was
separated while raising the jet pressure to 400 kgf/cm®. When
the jet pressure is raised in separating the central portion
of the bonded substrate stack 101, an appropriate separation
force can be applied to the intérnal portion of the bonded
10 substrate stack 101, so the bonded substrate stack 101 can
be efficiently separated while preventing damage to it.
In the section Y6, the jet pressure was gradually
reduced.
Even when the separating apparatus 400 shown in Fig.
15 13 was used as a separating apparatus, the same effects as
described above were obtained.
Even when the separating apparatus 200 shown in Fig.
14 was employed, a satisfactory substrate was manufactured.
As described above, by appropriately changing the jet
20 pressure in accordance with the progress of separation
processing, damagé to the object to be separated can be
prevented while efficiently performing separation
processing.
According to the separating apparatus or method, a
25 Thigh-quality semiconductor substrate can be manufactured at

a high yield.
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To solve this problem the of the separation
regi on can be | owered. However, when the 15 separation region is mde

excessively fragile, the Thi3 |Shdetlilds BeenRRplacdd readi |y breaks in the step
of bondi ng or cl eaning the s (first and second )
substrates), so it becones mEﬂmEE manuf acture a substrate with
desired quality. |In addition, be generated 20 fromthe
broken separation region to contam nate the manuf act uri ng appar at us.
and the |iKke. To appropriately control the jet pressure during
bonded subst r Aecatdialy Irpahat peesphacefsention heap radsiudte dah be
controlled on the basis of the positional relationship 25 between the jet

nozzl e 112 anceffhieimorided sspesttaticastasklit. 101 or in accordance with
time.

In addition, according to the present invention, a
satisfactory semiconductor substrate can be manufactured.
5 The present invention is not limited to the above
embodiments and various changes and modifications can be made
within the spirit énd scope of the present invention.
Therefore, to apprise the public of the scope of the present

invention, the following claims are made.
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-26 - Figs. 9 to 11 are charts show ng exanpl es of jet
pressure control during separation processing. The pressure control
section 116 controls the pressure (jet. pressure) generated hy the

hi gh- pressure punp 115, on the basis of one of the contr ol Erocedures

shown in Figs. 9 to 11. Fig. 9 shows a cont“ﬂlllﬂﬂﬂtﬂl I MMl ch
separati on processing is executed while fixing t

t he operation position 172 or 182 shown in Fig. 7 or 8 and

WHAT IS CLAIMED IS:
1. A separating apparatus for separating an object
comprising:

jet means having a fluid jet unit for ejecti'ng a jet

5 of fluid to the obj_ect to be separated to separate the object;

and

control means for changing a condition for ejecting the
fluid from the jet unit in accordance with progress of object
separation processing.

10 2. The apparatus according to claim 1 further comprising
a holding portion for holding the object to be separated.
3. The apparatus according to claim 2 wherein the object
to be separated has a plate shape, and the holding portion
holds the plate-like object to inject the fluid against tﬁe

15 plate-like object in a planar direction thereof.

4. The apparatus according to any one of claims 1 to 3,
wherein said control means changes a pressure of the fluid
to be ejected from the jet unit in accordance with progress
of object separation processing.

20 s. The apparatus according to claim4, wherein said control
means controls said jet means to set the pressure of the fluid
to be relatively high in separating a vicinity of a peripheral
portion of a separation surface of the object to be separated.
6. The apparatus according to claim 4, wherein said control

/25 means controls said jet means to set the pressure of the fluid

to be relatively high in separating a vicinity of a central

This Sheet Has Been Replaced
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rotating the bonded substrate stack 101. In the exanple 10 shown in Fig.
9, the jet pressure is adjusted in thr—ee—st—eps—— ------- ta—a period T1, the
peri pheral portion of the bonded substr 1is minly
separated. During the period T1, the je I"ﬂi& H nto the bonded
substrate stack 101 is easily di sc s>eparation force
hardly acts on the 15 bonded substrate stack 101, so the jet pressure is
set to be high. At the peripheral portion of the bonded substrate
stack 101, the jet nediumis easily discharged, as described above.
For this reasonoréven athaseplagatdonpwstageof $heatbject tobdisepetatedel v
hi gh, the bonded substrate stack 101 does 20 not break. . In a
period T2, the’int eTheARRAr oIt peporRingbn aladm 4, whereipiserid caurtobn.

and the central g_grt i on of the, bonded
means controls said jet means to set the pressure of the fluid

to be relatively high in separating vicinities of peripheral

5 and central portions of a separation surface of the object
to be separated and controls said jet means to set the pressure
of the fluid to be relatively low in separating an
intermediate portion between the vicinitie_s of the
peripheral and the central portions.

10 8. The apparatus according to any one of claims 1 to 7,
wherein said control means changes the condition for ej ecting
the fluid from the jet unit in accordance wit_h a relative
positional relationship between the jet unit and the object
to be separated.

15 9. The apparatus according to any one of claims 1 to 7,
wherein said control means changes the condition for ej ecting
the fluid from the jet unit as a function of timé.

10. The appara;us according to any one of claims 1 to 9
further comprising scanning means for scanning the jet unit.

20 11. The apparatus according to any one of claims 1 to 9,
further comprising rotatiné means for rotating the object

N about an axis perpendicular to a separation surface of the
object to be separated.
12. The apparatus according to any one of claims 1 to 11,

25 wherein the object to be separated has a fragile layer as

a separation layver.
_\

\
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substrate stack 101 (to be sinply referred to as an - internediate
portion hereinafter) is mainly separated. 25 Since the speed of jet
| owers at the intermediate portion, the function of separating the

REPLACENENT SHEET ! |l||l||| IR - - weakens

due to the inpact of the jet nedi am |ti| the *por ous | ayer. However,
at the internediate portion, the di scharge pat hs of t he j et medium
injected into the bonded substrate stack 101 decrease. The separation
force due to tha.pr@kewmparatus according to claim 12, wherein the fragile

layer is a porous layer.
14. The apparatus according toclaiml12, whe_rein the fragile
layer is a layer having a microcavity.

5 15. A separating method of separating an object by ejecting
a jet of fluid from a jet unit to the object to be separated,
comprising:

the control step of changing a conditipn for ejecting
the fluid from the jet unit in accordance with progress of

10 object separation processing.

16. The method according to claim 15, m—rherein. the object
to be separated has a plate shape and is separated by inj ectihg
the fluid against the plate-like object in a planar direction
thereof.

15 17. The method according to claim 15 or 16, wherein said
control step comprises changing a pressure of the fluid to
be ejected from the jet unit in accordance with progress of
object separation processing.

18. The method according to claim 17, wherein said control

20 step comprises setting the pressure of the fluid to be ejected
from the jet unit to be relatively high in separating a
vicinity 6f a peripheral portion of a separation surface of
the object to be separated.

19. The method according to claim 17, wherein said control

25 step comprises setting the pressure of the fluid to be ejected

from the jet unit to be relatively high in separating a
\
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5 of the jet nediuminjected into the bonded substrate stack 101

I ncreases, and the bonded substrate stack 101 is separated mainly by
this separation force. ——pressure as that for the

peri pheral portion is ap jet medium the bonded substrate
stack 101 may break. r’mmm]m“" H'an;[m the pressure of the jet nedium
Is set to be rel atlvelyclowat tshe *I nt er nedi at e porti on. I n
a period T3, the central portion of the bonded subst,rate st.ack 101 is
mai nly separated. When the separated portion is close to the central
portion, the sdpdndtgdof kbceptrtil portfidrhefbordpdrathenrsefastacE 8B4 war ps
to increase the di scharge paths of the jet nmedium The pressure of the

jet mediumi soﬂoé@ad:edtoabecsapareuedo that in separating the

internedi ate portion, resulting in a smaller separation
20. The method according to claim 17, wherein said control

step comprises setting the pressure of the fluid to be ejected
5 from the jet unit to be relatively high in separating
vicinities of peripheral and central portions of a separation
surface of the object to be separated and setting the pressure
of the fluid to be ejected from the jet unit to be relatively
low in separating an intermediate portion between lthe

10 vicinities of the peripheral and the central portions.
21. The method according to any one of claims 15 to 20,
wherein said control step comprises changing the condition
for ejecting the fluid from the jet unit in accordance with
a relative positional relationship between the jet unit and

15 the object to be separated.

22. The method according to any one of claims 15 to 20,
wherein said control step comprises changing the condition
for ejecting the fluid from the jet unit as a function of
time.

20 23. The method according to any one of claims 15 to 22,
further comprising. executing separation processing for the
object while scanning the jet unit along the separation
surface of the object to be separated.

24. The method accérding to any one of claims 15 to 23,

25 further comprising executing separation processing for the

object while rotating the object about an axis perpendicular
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force. For this reason, at the central portion, the pressure 20 of the

jet mediumis preferably set to be higher than that ~ in separating the
i ntermedi até portion. | As descri bed above, by appropriately
changi ng t he jet to be ejected fromthe jet nozzle 112 in
accordance wltl“l"”ﬂ]mﬂmlﬂllmue I n separation processing, 25 danmage to

t he bonded substréaté stack can be reduced while I ncreasing the

ef ficiency of separation processing.

-28-

to the separation surface of the object to be separated.
25. The method according to any one of claims 15 -to 23,
wherein the object to be separated has a fragile layer as
a separation iayer. |
5 26. The method according to claim 25, wherein the fragile
layer is a porous layer. |
27. The method according to claim 25, wherein the fragile
layer is a layer having a microcavity.
28. A separating method comprising separating an object
10 using said separating apparatus of any one of claims 1 to
14.
29. A method of manufacturing a semiconductor substrate,
comprising the steps of:
preparing a substrate having a separation layer; and
15 separating the object at the separation layer using the
nethod of any one of claims 15 to 28.
30. A method of manufacturing a semiconductor substrate,
comprising the steps of:
forming a first substrate in which a porous layer and
20 a non-porous layer are sequentially formed on one surface;
bonding the first substrate to a second substrate via
the non-porous layer to form a bonded substrate stack; and
separating the bonded substrate stack into two
substrates while ejecting a jet of fluid to the porous layer
25 of the bonded substrate stack,

wherein the separation step comprises changing a
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Fig. 10 shows a control exanple in which separation processing is
executed while scanning the jet nozzle 112 al ong the separation region
of the bonded substrate stack 101 and simultaneously rotating the
bonded substrate stack 5 101. Fig. 12 is a view shognI m j et
acting on t he bonded substrate stack 101. Wen th nﬂ” Imjluﬂl L
toward the peripheral portion of the bonded substrate stfack &t »10d, #
jet-injected agai nst the bonded substrate stack 101 is easily

di scharged outward, as shown in Fig. 12, and the 10 separation force of
jet does not etbndithohyfacejeatihe thenfltdid in asobsddide withgkrd@lesdn the

ot her hand, when the jet is I njected toward the central portion of the
bonded substraf& the separatil®i, stém jet injected against the bonded
substrate stack 101 effici entlg/ separates the bonded substrate stack

: 31 A method of manufacturing a semiconductor substrate,

comprising the steps. of:
5 implanting ions from a surface of a substrate consisting
- of a single-crystal semiconductor to a predetermined depth,
thereby forming a first substrate in which a microcavity
layer is formed;
bonding a second substrate to a frbnt surface side of
10 the first substrate to form a bonded substrate stack; and
separating the bonded substrate stack into two
substrates while ejecting a jet of fluid to the microcavity
layer of the bonded substrate stack,
wherein the separation step comprises changirig a
15 condition for ejecting the fluid in accordance with progress

of the separation step.
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15 101. According to this exanple, when the jet nozzle 112 is ~to be
scanned al ong the porous |ayer, the jet pressure is preferably changed
i n accordance with the positional rel ati onship between the jet nozzle
112 and the bonded substrate stack 101. 20 In a section Y1, the
jet pressure is stabilized. In a section Y2, the peripheral portion
of the bonded substrate stack 101 is mainly separated. In this section
Y2, since the jet is not efficiently injected against the bonded
substrate stack 101, the jet pressure is preferably set to be
relatively 25 high, as descARBSERAGDHCYE®.THE DISCLOSUREN a sectlon Y3, the
|nterned|ate portion of the bonded

An apparatus for separating a substrate having a porous
layer at the porous layer is provided. A bonded substrate
stack (101) having a pordus.layer (101b) is supported by

5 substrate holding portions (108, 109) while being rotated.
High-speed, high-pressure water (jet) is ejected from a
nozzle (112) and injected against the bonded substrate stack
(101), thereby physically separating the bqnded substrate
stack (101) into two substrates. The jet pressure is

10 appropriately changed in accordance with progress of

separation processing.
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-29 - substrate stack 101 is mainly separated. |In this sectionY3,
since the jet efficiently separates the bonded substrate stack 101, as
conpared to the section Y2, the jet pressure is preferably set to be

| ower than that in the section Y2 5 to prevent damage to the bonded
substrate stack 101. In a s Q&Hsn Y4, the central portion of the
bonded substrate stack 101 is mai eparated. Wien the separated
portion is close to the central portion by scanning the jet nozzl e

112, the separan' }@_tidl1 f the bonded substrate 10 stack 101 warps to
I ncrease the discharge paths of the jet
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medi um The pressure of the jet mediumis reduced as conpared to that
I n separating the internediate portion, resulting in a smaller
separation force. For this reason, at the central portion, the
pressure of the jet mediumis preferably 15 set to be higher than that in
~separating the internediate portion. In this exanple, the bonded
substrate stack 101 is separated\M2413rotating It. Hence, separation
of the bonded substrate stack 101 is conplete when the jet nozzle 112
S scanned fromthe peripheral portion to the central portion 20 of
t he bonded substrate stack 101. 1In a section Y5, the pressure of the
hi gh- pressure punp is gradually reduced to stop the punp operation.
As descri bed above, when the pressure of jet ejected fromthe jet
nozzle 112 is appropriately changed in

FIG. 2A FIG. 2B
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25 accordance wth the positional relationship between the jet nozzl e
112 and the bonded substrate stack 101, danmge to the

REPLACEMENT SHEET - 30- bonded
substrate stack can be reduced while increasing the efficiency of
separation processing. Fi g. 1éd;£§ms anot her control exanple in
whi ch separation processing i s exeedt whil e scanning the jet 5

nozzl e 112 along the separation region of the bonded substrate stack
and simultaneously rotating the bonded

s b=
-

116

)
103

115

[ 1

V7,

§\\' §
N BN\
N NN

© § il § 3

S “ =~

I'—L s -2




substrate stack 101. In this control exanple, the jet pressure i s nore

snoot hly changed in the section fromthe peri pheral portion to the
intermediate portion and in the 10 section fromthe internediate portion
to the central portion, as conpared to the control exanple shown in
Fig. 10. In the section Y1, tgs jet pressure is stabilized. In
the section Y2, the peripheral portion /i%e bonded substrate stack
101 is mainly separated. 1In this sectionY2, 15 since the jet is not
efficiently injected against the bonded substrate stack 101, the jet
pressure is preferably set to be rel atiely highy as described above.
In the sections Y3 and Y4, the internediate gortion t he bonded
substrate stack 101 is nainly separated. In tjihe Ego THon Y3, the jet
pressure is gradually reduced. 1In the -~
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section Y4, the jet pressure is gradually raised. ' In the section
Y5, the central portion of the bonded substrate stack 101 is mainly
separated. In a section Y6, the pressure of the high-pressure punp is
gradually reduced 25 to stop the punp operation. - As descri bed
above, when the pressure of jet ejected '

- 31- fromthe jet nozzle 112 issgﬁg%thly changed i n accordance

with the positional reFEationship bT:MIeG he jst ‘nozzle 112
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and the bonded substrate stack 101, the bonded substrate stack 101 can
be separated by a jet having a nore appropriate 5 pressure. The
nmet hods of changing the pressure of jet ejected from the jet nozzle
112 are not limted to the above three exanpl es. The net hod can be
appropriately changed in accordance wth the type or size of bonded
substrate stack, the type or size 10 5)(13eparat'ion | ayer, or the bonded
substrate stack hol di ng met hod. The arrangenent of a
separating apparatus according to t he second enbodi nent of the present
invention will be described next. Fig. 13 is a view show ng the
arrangenent 15 of the separating apparatus according to the second

enbodi nent of the present inventFovl.

< | 112
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A separating apparatus 400 has substrate hol ding portions 404 and 406
havi ng vacuum chucks. A bonded substrate stack 101 is sandw ched by
the substrate holding 20 portions 404 and 406 and held. The bonded
substrate stack 101 has a porous |layer 101b as a fragile structure.
The separating apparatus 400 separates the bonded substrate stack
into two substrates 10la and 10lc at théVﬁB}ous | ayer - 101b. In this
separating apparatus 400, the bonded substrate 25 stack is set such that
t he substrate 10la is placed on the first substrate 10" side in Fig.
1D and the substrate 101c - 32-
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is placed on the second substrate (10" + 20) side in Fig. 1D.

The substrate hol ding portion 404 is coupled to one end of a rotary
shaft 403 which is rotatably axially supported 5 by a support base 401

t hrough a bearing 405. The ot her end of the rotary shaft 403 is
coupled to the rotary shaft of a nE$923402. The rotational force
generated by the notor 402 r ot at es*t’‘he~bonded substrate stack 101
vacuum chucked by the substrate hol ding portion 404. In separating the
bonded 10 substrate stack 101, the notor 402 rotates the rotary shaft

403 at a designated rotation speed in accordance with an i nstruction
froma controller (not shown).

FIG. 9
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The substrate hol ding portion 406 is coupled to one end of arotary
shaft 408 which is rotatably and slidably axially 15 supported by the

support base 401 through a bearings 407. A conpression spring 409 is
attached to the other end of the rotary shaft 408. Wth this
arrangenent, the bonded substrate stack 101 receives a force fromthe
conpr essi on spring 409 in a directﬁbﬁxix-axis direction) in which the
20 substrate 10la and the porous |ayer 101b are spaced apart from
each other. Consequently, when the bonded substrate stack 101 is
separated into the substrate 10la side and the substrate 101lc side by

ajet froma jet nozzle 418, the substrate 10la side noves in the
X-axis direction to be split 25 fromthe substrate 101c side.
Bef ore the bonded substrate stack 101 is separated, the
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- 33- rotational force of the rotary shaft 403 is transmtted to

t he substrate hol ding portion 406 through the bonded substrate stack
101. As a result, the rotary shaft 4083, substrate hol di ng portion 404,
bonded substrate stack 101, 5 substrate holding portion 406, rotary shaft
408, and conpression spring 409 inte?rally rotate. Wien the bonded
substrate stack 101 is separated into 10§18ubstrates, the rotary shaft
408 st ops.
e
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An air cylinder 411 is arranged on the rear end side 10 (in the X-axis
direction) of the rotary shaft 408. Wen the bonded substrate stack
101 is to be held by the substrate hol di ng portions 404 and 406, the
air cylinder 411 pushes a piston rod to nove the rear end of the
rotary shaft 408 in a direction (ngg :ive direction cf X-axis) in
which the 15 conpression spring 409 réi sses (the state shown in Fig.
13). After the bonded substrate stack 101 is held by suction by the
vacuum chucks, the air cylinder 411 retracts the piston rod 410 (noves
the piston rod 410 in the X-axis direction) to allow to separate the
bonded substrate stack 101. That is, the air cylinder 411 pushes the
pi ston rod 410 in setting SE? 3f§ sub te stack 101 between the
substrate hol di ng portions 4 gﬂ Q6 etracts the piston rod 410
upon _
—
y
HIGH- LOW-
PRESSURE PRESSURE
JET JET

SCANNING DIRECTION =
OF JET NOZZLE

101

SEPARATION REGION UNSEPARATED REGION
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conpl eting setting. To sét t he bonded substrate stack 101 in the
separating 25 apparatus 400, the bonded substrate stack 101 is nounted on
a groove portion 412a of an alignnment shaft 412 axially

REPLACEMENT SHEET - 34 - supported
by the support base 401 through beari nqs 41§ and 414, and then, the
pi ston rod 410 is pushed to bring the 2/13ubstrate hol di ng portion 406

into contact with the bonded substrate stack 101, as descri bed above.

FIG. 13

In this state, the




5 vacuum chucks of the substrate hol ding portions 404 and 406 are

act uat ed. Two al i gnnment shafts 412 are preferably arranged al ong
the Y-axis. In this case, only by placing the bonded substrate stack
101 on the two alignnment shafts 412, the 10 position of the bonded
substrate stack 101 with respect to the three directions, i.e., the
X-, Y-, and Z-directions can be db3¥nkll. This facilitates nanual
setting of the bonded substrate stack 101. 'In addition, if a conveyor
robot is to be enpl oyed, the arrangenment of the conveyor robot can be
15 sinplified. To renove the separated substrates, the substrate

101a side noves in the X- axFaEiGct i og 4)on .conpl eting_separation
processing to split the two substrat eST"After This, the tye




substrates are held by, e.g., the conveyor. robot, and t;
~JI ke vacuun1chuck5'of t he substrate hol di ng™ porti on

.rel eased.

418. Wen a high-pressure jet mediumis_gent fromthe |
punp 419 to the jet nozzle 418, ajet is-efected 25 f.o'
418. The pressure applied to the jet medi um by t he
419 is controlled by a
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TITLE OF THE INVENTION
OBJECT SEPARATING APPARATUS AND METHOD, AND

METHOD OF MANUFACTURING_SEMICONDUCTOR-SUBSTRATE
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
The present invention relates to an object separating
apparatus and method, and a method of manufacturing a

semiconductor substrate.

DESCRIPTION OF THE RELATED ART

A substrate (SOI substrate) having an SOI (Silicon On
Insulator) structure is known as a substrate having a
single-crystal Si layer on an insulating layer. A device
using this SOI substrate has many advantages that cannot be
achieved by ordinary Si substrates. Examples of the
advant:ages are as follows.

(1) The integration degree can be increased because
dielectric isolation is easy.

(2) The radiation resistance can be increased.

(3) The operating speed of the device can be increased
because the stray capacitance is small. |

{4) No welllstep is necessary.

{S) Latch-up can be prevented.

(6) A completely depleted field-effect transistor can



pressure control section 420 in accordance with one of the

pr.ocedures shown in Figs. 9 to 11. ' > A shutter 415 i{ HEP G

prevent the jet fromhi-tting t he bonded substrate stack

jet pressure 5 reaches a predeterm ned pressure. - I

separating apparatus 400 as well, the j&f” pressure is af

controll ed while the bonded substrate stack is separated. JFor exanpl e,
the jet pressure is controlled on the basis of the posif]i onal

relationship 10 between the jet nozzle 418 and the bonded duhsitate . stack
101 or in accpordance w.th timne...The contrgl exanples shown in Figs. 9
to 11 can al sB®b 05’%4\’:% %&r’t ﬁégg%&re |tg'8 : ~apparatus 400.

The arrangenent of a SERAr &t U0 -ARPAEEHAS AREOREUEYaIous advantages,

researches have been made on its formation method for several

decédes.

5 -As one SOI techmnology, an SOS (Silicon On Sapphire)
technology by which Si is heteroepitaxially grown on a
single—cry§tal sapphire substrate by CVD (Chemical Vapor
Deposition) has been known for a long time. This SOS
technology was once recognized as the mbst matured SOI

10 technology. However, the SOS technology has not been put
into practical use to date be_cause, e.g., a large amount of
crystal defects are produced by lattice mismatch in the
interface between the Si layer and the underlying sapphire
substrate, aluminum that forms the sapphire substrate mixes

15 in the Si ‘layer, the substrate is expensive, and it is
difficult to obtain a large area.

Various SOI techndlogy appeared following the SOS
techhology. For these SOI technologies, various methods
have been examined aiming at reducing crystal defects or

20 manufacturing cost. There are a method of implanting oxygen
ions into a substrate to form a buried oxide layer, a method
of bonding two wafers via an oxide film and polishing or
etching one of the wafers to leave a thin single-crystal Si
layer on the oxide film, and a method of implanting hydrogen

25 ions to a predetermined depth from the surface of an Si

substrate having an oxide film, bonding the Si substrate to




15 the third enbodiment of the present, |nvent|on w il be
next. Fig. 14 is a view show ng the ar r angéhent of the
apparatus according ta.the third enbodi nent of the pregd

e t

i nvention.

In a separating apparatus 200, subs&rate hol di ng portidng
bonded substrate stack 20 101 fixed in=position, and a jet

scanned by
| ayer

2P3 MARd1939

ozzle 202 is

a horizontal driving nmechani sm 204 al ong thd separatrton

of the bonded substrate stack 101. Vertical positljiQn

adj ust nent of the jet nozzle 202 is perforned by a verti cal driving
nmechani sm 203. In each of the above se aratin 4§¥uaiuses when
t he st r g Iﬁ’té'liert FEbsEpakat | 3 RegldRg( BB tq:%ﬁ/e?g'-)b

10

15

20

25

other substrate) by a heat treatment while leaving a thin
single-erystal Si layer on the oxide film.

The present applicant has disclosed a new SOI technology
in Japanese Patent Laid-Open No. 5-21338. In this
technology, a first substrate obtained by forming a non-
porous single-crystal layer on a single-crystal
semiconductor substrate having a porous layer is bonded to
a second substrate via an insﬁlating layer (SiO,), and the
two substrates are separated from the porous layer to
transfer the non-porous single-crystal layer to the second
substrate. ‘This technology is advantageous in that the SOI
layer has high film thickness uniformity, the crystal defect
density in the SOI layer can be decreased, the SOI layer has
high surface planarity, no expensive special fabrication
apparatus is necessary, and SOI substrates having SOI films
about a few hundred A to 10 pum thick can be fabricated by
the same fabrication apparatus.

In addition, the present applicant has diselosed
another technology in Japanese Patent Laid—Open No. 7-302889
in which, after the first and second substrates described
above are bonded, the first substrate is separated from the
second substrate without breaking, and the separated first
substrate is reused by smoothening the surface and again
forming a porous layer. Since the first substrate can be

economically used, this technology has the advantages that



v

preferably adjusted in accordance with the strength. EﬂTtSﬂEET
above- separating apparatuses can be applied to separate t only a
seni conductor substrate such as a 5 _honded substrate stack puty 3l[@aR 1339
vari ous objects. The object preferably has a fragile sfrpcture as a
separation | ayer. ' Each of the above separating apparatuses
processes one bonded substrate stack. However, when a pjurality of

- 36- bonded substrate stack is not uniform the jet )Rgﬁlm
n

bonded substrate stacks are aligned along the planar direction, and

10 the jet nogglerof, tBE: S6RALALL NarfRRA AL 1S r2eRRRA0ahA the

fabrication process is also simple.
In the above technologies, however, when the two bonded
substrates are separated it is necessary to prevent damages
5 to the substrates and protect the fabrication apparatus and
the like from contamination caused by the generation of

particles.

SUMMARY OF THE INVENTION

10 The present invention has been made in consideration
of the above situation, and has as its object to apply a
separating apparatus and method suitable to separate
semiconductor substrates or other objects, and a method of
manufacturing a semiconductor substrate.

15 According to the present invention, there is provided
a separatiné' apparatus characterized by comprising jet means
having a fluid jet unit for ejecting a jet of fluid to an
object to be separated to separate the object, and contreél
means for changing a condition for ejecting the fluid from

20 the jet unit in accordance with progress of object separation
processing. |

The separating apparatus preferabiy further comprises

a holding portion for holding the object to be separated.

In the separating apparatus, preferably, the object to

25 Dbe separated has a plate shape, and the holding portion holds

the plate-like object to inject the fluid against the



pl anar direct
separated at

ion, the plurality of bonded substrate stacks - Cab
once. Alternatively, when a plurality Bpm&T SHEET

substrate. . stacks are aligned in the axial direction, anfl B nmechani sm
15 for scanning the jet nozzle of the ggparating apparatus |nl 13 MAR 1398
axial direction is used, the plurality bonded substrptp stacks can
be sequentially separat ed. Application exanples ofjt apoveE
separating apparatuses will be described bel ow. The sepprating 20
apparatuses are especially suitable to separate a substrate havi ng a

fragile | ayer
| ayer, a mcr
het er oepi t axi
crystal latti

10

15
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ce
preferably changes a pressure of the fluid to be ejected from

the jet unit in accordance with progress of object separation
processing.

In the separating apparatus, the control means
preferably controls the jet meané to set the pressure of the
fluid to be relatively high in separating a vicinity of a
peripheral portion of a separation surface of the object to
be separated.
| In the separating apparatus, the control means
preferably controls the jet méans to set the pressure of the
fluid to be relatively high in separating a vicinity of a
central portion of a separation surface of the object to be
separated.

In the separating apparatus, the control means

preferably controls the jet means to set the pressure of the

_ fluid to be relatively high in separating vicinities of

20

25

peripheral and central portions of a separation surface of
the object to be separated and controls the jet means to set
the pressure of the fluid to be relatively low in separating
an intermediate portion between the vicinities of the
peripheral and the central portions.

In the separating apparatus, the control means
preferably changes the condition for ejecting the fluid from

the jet unit in accordance with a relative positional




25 can be used. The separation |layer may be forned froma -Gl il

of layers having different structures, e.g., a REﬁLACEMENf SHEET
REPLACEMENT SHEET : 37 - pra

“of layers havi ng different porosities. -6- (Example 1) ?ﬁ wﬂsmg

p- or n-type single-crystal Si substrate—having a size off 4 inch a

a resistivity of 0.01 [err] cmwas anodi zed 5 in an HF sol |t iteR~te~form

a porous Si |ayer (corresponding to the step shown in Fig. 1A). The

anodi zi ng conditions were as follows. —

relationship between the jet unit and the object to be
separated.

In the separating apparatus, the control means
preferably changes the condition for ejecting the fltiid from

5 the jet unit as a function of time.

The separating apparatus preferably further comprises
scanning means for scanning the jet unit.

The separating apparatus preferably further comprises
rotating means for rotating the obj_ect about an axis

10 perpendicular to a separation surface of the object to be-
separated. |

The object to be separated preferably has a fragile
layer as a separation layer. The fragile layer ispreferably
a porous layer or a layer ha\_.ring a_microcavity.

15 According to the present invention, there is provided
a separating method of sepai‘ating an object by ejecting a
jet of fluid from a jet unit to the object to be separated,
characterized by comprising the control step of changing a
condition for ejecting the fluid from the jet unit in

20 accordance with progress of object separation processing.

In the separating method, preferably, the object to be
separated has a plate shape and is separated by injecting
the fluid against the plate-like object in a planar direction
thereof. |

25 In the separating method, the control step preferably

comprises changing a pressure of the fluid to be ejected from



Current density: 7 (mNcnferr]) : Anodi zing solution: HF

Herr]O0O derr]Herr]OH=1: 1: 1 10 Ti me:

.Thi ckness of porous Si:" 12 ([err]m . The porous Si REPLA&E I S}EET
forma high-quality epitaxial - Si layer on the porous Si |ayer, and ﬁh@gg
serves as a separation | ayer. The t-hi ckness of the porou ' 13y§ﬁ-i

not limted .15 to the above thickness and is preferably sevegr hundr ed

to 0.1 [err]m This substrate was oxidized ifn an oxygen

at nosphere at

each pore

film 20 THOSIPEIE LR AGEFERTEE W Eh RY TGRS

WY,

400[err]C for 1 hr. Upon oxidation, the in
of, the porous Si | ayer was coveredogth a thermal oxide

2Rl e5F fepATation

hydrofluoric acid ta renove only the oxide filmon the surface
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processing.

In the separating method, the control step preferably
comprises setting the pressure of the fluid to be ejected
from the jet unit to be relatively high in separating a
vicinity of a peripheral poi‘tion of a separation surface of
the object to be separated.

In the separating method, the control step preferably
comprises setting the pressure of the fluid to be ejected
from the jét unit to be relatively high in separating a
vicinity of a central portion of a separation surface of the
object to be separated.

In the separatiﬁg xﬁethod, the control step preferably
comprises setting the pressure of the fluid to be ejected
from the jet unit to be relatively high in separating
vicinities of peripheral and central portions of a separation
surface of the object to be separated and sétting the pressure
of the fluid to be ejected from the jet unit to be relatively
low in separating an intermediate portion between the.
vicinities of the peripheral and the central portions. _

In the separating method, the control step preferably
comprises changing the condition for ejecting the fluid from
the jet unit in accordance with a relative positional
relationship between the jet unit and the object to be
separated.

In the separating method, the control step preferably



of the porous Si layer while leaving the oxide filmon the:=;h_,;333L_maLl_T
of each pore. After this, single-crystal Si was epiteﬂEﬂMﬂEM%us ET
the .porous Si layer to 0.3 [err]mby CVD 25 (Cheni cal VYaporbDepostti .

The grow ngconditions wereas . foII9§§. ‘

REPLACEMENT SHEET - 38- 13 MARSKERC
gas: SiHerr]OJ[err]/Herr] Gas flowrate: Ofj5A180 (1/mn)._

Gas pressure: 80 (Torr)

comprises changing the condition for ejecting the flﬁid from
the jet unit as a functioﬁ of time.

The separating method preferably further comprises
executing separation prdcessing for the object while

5 scanhing the jet unit along the separation surface of the
object to be separated.

The separating method preferably further comprises
executing separation processing for the object while
rotating the object about an axis perpendicular to the

10 separation surface of the object to be separated.

In the separating method; the object to be separated
preferably has a fragile layer as a separation layer. The
fragile layer is preferably a porous layer or a layer having
a microcavity.

15. : Accoraing to an aspect of the present invention, there
is provided method of manufacturing a semiconductor
substrate, charaéterized.by comprising the steps of forming
a first substrate in which a porous layer and a non-porous
layer are sequentially formed on one surface, bonding the

20 first substrate to a second substrate via the non-porous
layer to form a bonded substrate stack, and separating the
bonded substrate stack into two substrates while ejecting
a jet of fluid to the porous layer of the bonded substrate
stack, wherein the separation step comprises changing a

25 condition for ejecting the fluid in accordance with progress

of the separation step.



Tenper at ur e: 950 ([err]CQ 5 G ow h rate: 0.3 REPLA@EMEN]’ SHEET
As an insulating |ayer, an oxide film(Siderr] |ayer) hpviag

t hi ckness of 200 nmwas fornmed on the surface of the pit

| ayer by thermal oxidation (corresponding to the step sﬂmgh 1%%
1B). 10 The first substrate and&a™second Si subsir

I ndependently prepared were stacked and brought into confact wth eac1
ot her such that the surface of the Si(Jerr] |ayer of t-ho—fir-s+t
substrate opposed the surface of the second substrate. The resultant
structure was subjected.to a heat tr eat at 1,100[err]C for 1 hr to
bond the two subsfc§PEEing to W%Bﬁﬁﬁf’ﬁ an: Qrﬁéﬁtsﬁb 4P . 10).

Next, the re%:?ll §ants %%%q,% e%'g.srﬁert tfaCk Pactur:.ng a semiconductor

substrate, characterized by comprising the steps of
implanting ions from a surface of a substrate consisting of
5 a single-crystal semiconductor to a predetermined depth,
thereby forming a first substrate in which a microcavity
layer is formed, bonding a second substrate to a front surface
side of the first substrate to form a bonded substrate stack,
and separating the bonded substrate stack into two substrates
10 while ejecting a jet of fluid to the microcavity layer of
the bonded substrate stack, wherein the separation step
comprises changing a condition for ejecting the fluid in
accordance with progress of the separation step.
Further objects, features and advantages of the present
15 invention will become apparént from thé following detailed
deséription of embodiments of the present invention with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figs. 1A to 1lE are views for explalnlng a method of
manufacturing an SOI subst:;ate according to the preferred
embodiment of the present invention;
Figs. 2A and 2B are views showing a force acting. on a
bonded substrate stack in the presence and absence of a
25 v-shaped groove;

Fig. 3 is a view showing the schematic arrangement of



separated using the separating apparatus 200 shown in Fi
(corresponding to the step shown in Fig. 1D). Details w | REP

bel ow.

101 was sandwi ched by the substrate hol djng portions 205 pn
vertically held. Pure water was ejected.fSomthe jet nozzje

First, as shown in Fig. 14, the bonded pupstrate stack
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having a diameter of 0.15mmat a pressure of 2,200 kgf/cnfert= 25 Tnhe
jet nozzle 202 was scanned, by the horizontal driving mechani sm 204,

i medi at el y above the bonded substrate stack
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a separating apparatus according to the first embodiment of

the present invention;

Fig. 4 is a view showing the schematic arrangement of
the separating apparatus according to the first embodiment
of the present invention;

Fig. 5 is a view showing the first arrangement of an
adjustment mechanism;

Fig. 6 is a view showing the second arrangement of the
adjustment mechanism;

Fig. 7 is a view showing an example of a jet nozzle
driving robot;

Fig. 8 is a view showing another example of the jet
nozzle driving robot;

Fig. 9 is a chart showing control in separation
processing;

Fig. 10 is a chart showing control in separation
processing;

Fig. 11 is a chart showing control in separation
processing;

Fig. 12 is a view showing the force of jet acting on
the bonded substrate stack;

Fig. 13 is a view showing the arrangement of a separating
apparatus according to the second embodiment of the present
invention;

Fig. 14 is a view showing the arrangement of a separating

apparatus according to the third embodiment of the present



101 al ong the concave portion of the bevelling at a p
speed of 10 mmi sec. Wiile the jet nozzle 202 nov BEPI’.AGEMEN rSHEEIT
i medi at el y above the edge of the bonded substrate stack 101 5~ tToward tng

center (in the scanning direction) of the bonded subs{r at

by 15 mm the jet pressure was nmaintain at 2,200 kgt/ e‘$ ?E’k @%
When the jet nozzle 202 passed the position, the jet
continuously reduced. The rate of pressure 10 reduction

per cm of the noving distance of the jet nozzle 202. et nNe J et
nozzl e 202 pagﬁ@g.h I mmedi atel y above the center of the bonded substrate
st ack e Jet pressure was 1,600 kgf/cnferr].

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be

5 described below with reference to the accompanying drawings.

Figs. 1A to 1E are views for explaining a method of
manufacturing an SOI substrate according to the first
embodiment of the presént invention.

In Fig. 1A, a single-crystal Si substrate 11 is .

10 prepared, and a porous Si layer 12 is formed by anodizing
on the surface of the single-crystal Si substratell. InFig.
1B, a single-crystal Si layer 13 as a non-porous layer is
epitaxially grown on the porous Si layer 12. After this, the
surface of the singl.e-crystal Si layer 13 is oxidized to form

15 an Si0, layer 15. With this process, a first substrate 10
is formed{

In Fig. 1C, a single-crystal Si substrate 14 is prepared
as a second substrate 20. The first and the second substrates
lb and 20 are brought into contact with each other at room

20 temperature such that the SiQ, layer 15 of the first substrate
10 faces the second substrate 20. The first ana the second
substrates 10 and 20 are bonded by anode bonding, pressing,
heating, or a combination thereof. With this process, the
second substrate 20 and the SiO, layer 15 are firmly bonded.

25 The S8i0, layer 15 may be formed on the single-crystal Si

substrate 11 side, as described above, or may be formed on



After the jet nozzle 202 passed i mediately above the 15 clent of
bonded. substrate stack 101, the jet pressure - was raisedja gg?’%qggg
100 kgf/cnferr] per cmof the nmoving.. di stance of the. je 0Z: 2.
"After the jet nozzle 202 passed a positi@n 60 nmfrom a| porti-en

i medi ately above the center of the bon 20 substrate stdck 101, the

jet pressure was fixed at 2,200 kgf/cnferr]. o HAR—etasTT C
menber 206 (e.g., Viton, perfluoro rubber, or silicone rubber) is
preferably placed at the contact portion between the substrate

hol di ng porti onclidseutthd Bubstratkordedrsohsboth etlsé agindE-crydtdihigs case,
since the bonded substrate stack 101 separated into two substrates
can be substrate 11 and the second substrate 20 sides as far as the
state shown in Fig. 1C is obtained by bringing the first and
second substrates into contact.
5 In Fig. 1D, the two substrates bonded to each other are
separated at thé porous Si layer 12. The second substrate
side has a multilayered .structure of porous Si layer 12",
single-crystal Si layer 13, SiO, layer 15, and single-crystal
Si substrate 14. On the first substrate 10' side, a porous
10 si layer 12' is formed on the sinéle-crystal Si substréte
11. |
After separation, the remaining porous Si layer 12' is
removed from the substrate 10'. The surface of the substrate
10' is planarized, as needea, so the substrate 10' is used
15 again as a single-crystal Si substrate 11 for forming a first
substrate 10.
After the bonded substrate stack is separated, in Fig.
1E, the porous layer 12" on the second substrate side (10"
+ 20) is selectively removed. With this process, a substrate
20 having a multilayered structure of single-crystal Si layer
13, insulating layer 15, and single-crystal Si substrate 14,
i.e., an SOI structure is obtained.
In this embodiment, in the step shown in Fig. 1D, i.e.,
in the stép of separating the two substrates bonded to each
25 other (to be referred to as a bonded substrate stack

hereinafter), a separating apparatus for selectively
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apart fromeach other, the jet can be easily I nj ected E;BLAGEMENF SHEET
. bonded substrate stack 101 supported . by the substrate|hprarng portior
205. Wth the above process, the bonded substratp sta}o‘t &1 92
was separated into two substrates at thé=porous |ayer as a e% éﬁq N

| ayer. Vari ous nethods can be enployed to hold the-berded
substrate stack 101. For exanple, the bonded substrate stack 101 may

be held fromboth sides or held by a substrate holding 10 portrom w
vacuum chuck.ejlecting &atilgir-pressurehkidguidied gas (fluid) to the porous
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Si layer as a separation region is used to separate the
sﬁbst‘ra’ce stack into two substrates at the separation region.
[Basic Arrangement of Separating Apparatus]

This separating apparatus uses a water jet method.
Generally, the water jet method ejects a high-speéd,
high-pressure stream of water upon an object to, e.g., cut
or process a ceramic, a metal, a concrete, a resin, a rubber,
or a wood member, remove a coating film from the surface,
or clean the surfa_ce ("Water Jet", Vol. 1, No. 1, page 4,
(1984)).

This separating appératus ejects a high-speed,
high-pressure steam of £luid to the porous layer (separation
region) of the bonded subsﬁrate stack as a fragile structure
portion in the direction of substrate surface to selectively
break the porous layer, thereby separating the substrate at
the porous layer. The steam will be referred to as a "jet;'
hereinafter. The fluid forming a jet will be referred to as
a "jet medium". As the jet medium, it is possible to use an
water, organic solvent such as alcohol, an acid such as
fluoric acid or nitric acid, an alkali such as potassium
hydroxide, a gas such as air, nitrogen gas, carbonic acid
gas, rare gas, or an etching gas, or a plasma.

In this separating apparatus, a jet is ejected to the
porous layer (separation region) exposed to the side surface

of the bonded substrate stack, thereby removing the porous

e
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tack 101 may be pulled to both sides and hel d. REPLAG,EMENIHS"EET

, the two substrates which are physi cal | y peparated are

split, so danage due to friction between h3t1 MA
can be prevented. .15 a result, in addjt onw$o t%
pi t axi al Si layer formed=on the surface of|the—f+rst

part of the porous Si |ayer was transferréfl to the second

side. The porous Si layer was.left on the surtace of the

substrate. 20 When 100 bonded substrate stacks were
this nmet hod, about “90% of, t hem were sati sfactorj|

On layer f£remother PREHRSNHMe PUTHEE] touh8er SEBEERARYT
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into two substrates by removing only the separation region
with low mechanical strength without damaging the main body.
Even when the side surface of the bonded substrate stack is
covered with some thin layer, and the porous layer is not
exposed, the thin layer can be removed by the jet, so the
bonded substrate stack can be separated by the above-
described method.

At the peripheral portion of the bonded substrate stack,
the effect for splitting the bonded substrate stack into two
substrates effectively acts when -a V-shaped (concave) groove
is formed in the bonded substrate stack'along the side
surface. Figs. 2A and 2B are views showing a force acting
on the bonded subsﬁrate'stack in the presence and absence
of a V-shaped groove. Fig. 2A shows a bonded substrate stack
having a V-shaped groove 22. Fig. 2B shows a bonded substrate
stack having no V-shaped groove.

As shown in Fig. 2A, in the bonded substrate stack having
the V—shaped groove 22, a force (to be referred to as a
separation force hereinafter) is applied outward from the
center of the bonded substrate stack, as indicated by an arrow

' 23. On the other hand, as shown in Fig. 2B, in the boﬁded
substrate stack with a convex side surface; a force is applied
inward from the side surface of the bonded substrate stack,

as indicated by an arrow 24. In the bonded substrate stack



25 - The porous Si |ayer transferred to the second subst fRfPtACEMEN‘la§HEET

sel ectively etched under stirring in a m xed sol ution

-41- ~~of 49% hydrofluoric acid and 30% hydrogen peroXi de _

(corresponding to the step shown in Fi g_.lsl_E). The si nglf e ch/QtMARSIng

| ayer of the second substrate served as = an etch stop | pygr. The porous

Si layer was selectively 5 etched and conpletely renoved.

having a convex side surface, the separation force does not
act unless the side surface of the porous layer 12 as the
separation region is removed by a jet 21.
Even when a thin film is formed on the side surface of
5 the bonded substrate stack, the separation force acts on the
bonded substrate stack as far as the bonded substrate stack
has the V-shaped groove 22, as shown in Fig. 2A, so the thin
layér can be easily broken.
To effectively use the jet, a width W1 of the V—-shaped
10 groove 22 is preferably equal to or larger than a diameter
d of the jet 21. For example, assume that each of the first
substrate 10 and the second substrate 20.has a thickness of
about 1 mm, and the bonded substrate stack has a thickness
of 2 mm. Since the_width Wl of the V-shaped groove 22 is .
15 normally 1 mm, the diameter of the jet is preferably 1 mm
or less. Since a general water jet apparatus uses a jet with
a diameter of 0.1 to 0.5 mm, ‘such a general water jet apparatus
(e.g., a water jet nozzle) can be used.
The hozzle for ejecting a jet can have not only a
20 circular shape but any other shapes. For example, when a
slit-like nozzle is e.mployed to eject a jet having a long
rectangular section, the jet can be efficiently injected into
the separation region (inserted between the two substrates).
The jet ejection conditions are determined in
25 accordance with the type of separation region (e.g., a porous

layer) or the shape of the side surface of the bonded substrate



The etching rate of the non-porous Si single crystal f M
etchant is very low The selectivity ratio to - the etchi;ﬂql'
t

porous | ayer
| ayer (about

Wth the above process, an SO substrat

is 10[err] or .nmore. The . etching anount of

EET

_ e nonhfor 3
several ten 10 A) is allﬁble for practical jude.13 MAR 133

aving a 0. 2 [err]lm t hi ck

single-crystal Si layer on the Si oxide filmwas formed. The t hickness
of the single-crystal Si |ayer after the porous Si | aydr.was :
sel ectively etched was neasured at 100

The t hi ckness Sk@§K20 11TRAT plparameter a%&sfei%‘% ﬁ%&&h ?éc:#\d%ﬁt%% ace.
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diameter is almost the same as the jet diameter), the nozzle
shape, the distance between the nozzle and the separation
region, and the flow rate of the jet medium.

The following techniques are used to separate the bonded
substrate stack. 1) The jet is injected into the bonding
interface parallel to the bonding interface while the nozzle
is scanned along the bonding interface. 2) The jet is
injected into the bonding interface parallel to the bonding
interface while the bonded substrate stack is scanned.: 3)
The jet is injected into the b_onding interface parallel to
the bonding interface and simultaneously scanned in a fan
shape at a pivot near ﬁh_é nozzle. 4) The jet is inj.ect:ed
into the bonding interface parallel to the bonding interface
while the bonded substrate stack is rotated about nearly the
center of the bonded substrate stack (this technique is
particularly effective when the bonded substrate stack has
a disk shape). 5) The jet is injected into the bonding
interface parallel to the bonding interface whilé the jet
nozzle directing the center of the bonded substrate stack
is scanned along the side surface of the bonded substrate
stack. The jet need not always be ejected to be perfectly
parallel to the bonding interface.

To prevént damage to the substrate, the separation force




20 The resultant structure was subjected to a heat !
hydrogen at 1,100[err]C for 1 hr, and the surface rough}BEgERﬁgﬁENT QHEET
waseval uated with anatom c forcem croscope. The. -mean squére roughness
in‘a 50-[err]msquare area was about 0.2, =~ nm This alnos{ equafsMAREESS

of a conmercially available Si 25 wafer The sang fesult as

descri bed above was obtai ned even

-?2 - when the oxide film(Sigerr]) was formed not pn_the surface

o] . :

applied to the bonded substrate stack in the axial direction
is preferably several hundred gf per cm?.
Fig. 3 is a view showing the schematic arrangement of
a separating apparatus according to the preferred embodiment
5 of the present invention. A separating apparatus 100 injects
a jet into the porous layer of the bonded substrate stack
to separate the bonded substrate stack into two substrates.
The separating apparatus 100 has substrate holding
portions 108 and 109 having vacuum chuck mechanisms 108a and

10 109a. A bonded substrate stack 101 is sandwiched by the

'substrate holding portions 108 and 109 and held. The bonded
substrate stack 101 has a porous layer 10lb as a fragile
structure. The separating apparatus 100 separates the

bonded substrate stack into two substrates 10la and 10lc at

15 the porous layer 101b. In this separating apparatus 100, the
bonded substrate stack is set such that the substrate 10la
is placé.d on the first substrate 10' side in Fig. 1D and the
substrate 10lc is placed on the second substrate (10" + 20)
side in Fig. 1D.

20 The substrate holding portions 108 and 109 are present
on the same central axis. The substrate holding port_ion 108
is coupled to one end of a rotary shaft 106 which is rotatably -
axially supported by a support .base 102 through bearings 104.
The other end of the rotary shaft 106 is coupled to the .rotary

25 shaft of a driving source (e.g., a motor) 110 fixed on the

support portion 110. The rotational force generated by the




t he epi t axi al | ayer but on the surface of tHe second substr %EPLACEMEN'BI’SHEET

both surfaces.: The porous Si |ayer left on the firgt{ substrate
side 5 was selectively etched under stirring in a m xed sol thl?g MAR ?égg
“wat er, 40% hydrofluoric acid, and 30@6hxﬂyogen per oxi de. When t he
resultant structure was subjected to a sthface - treatne StreH—aS-
hydr ogen anneal i ng or surface polishing, the substrate Jcoul d be
recycled as the first or second 10 substrate. | n"The apove
exanpl e, one bonded substrate stack was processed. However, when a
- plurality of gﬂ{gﬁ%%ﬁ%ﬂ 910 rotd agkéh@rﬁorﬁié@ms@r@u Shack! eper
di rection, nozzle o he separating apparatus i s scanned

'b“ the pl anar vaﬂc‘imndid}ﬁ%ﬁdeanbyt 'Eﬁepkube-{:fat{eqfxomr}d_;e(bc&lt&%d atog.st agks can
e

separating the bonded substrate stack 101, the driving source
110 rotates the rotary shaft 106 at a designated rotation

5 speed in accordancé with an instruction from a controller
(not shown).

The substrate holding portion 109 is coupled to one end
of a rotary shaft 107 which is rotatably and slidably axially |
supported by a support portion 103 through bearings 105. The

10 other end of the rotary shaft 107 is coupled to a driving
source (e.g., a motor) 111. The speed at which the driving
source 110 rotates the rotary shaft 106 and that at which
the driving source 111 rotates the rotary shaft 107 must
apparently equal each other t.:o prevent the bonded substrate

15 stack 101 from twisting.

Both the driving sources 110 and 1li need not always
be prepared, and either one of themmay suffice. For example,
when pnly the driving source 110 is used, before the bonded
substrate stack 101 is separated, the rotary shaft 106,

20 substrate holding portion 108, bonded substrate stack 101,
substrate holding portion 109, and rotary shaft 107
integrally rotate. After the bonded substrate staék 101 is
separated into two substrates, the members on the rotary
shaft 107 side come to a halt.

25 Alternatively, the rotational force generated by one

driving source may be branched into two forces so that the




sépar ated at once. Al ternatively, when a plurali BE&A[MA@ME SHEET |

substrate stacks are aligned in the axial direction,

.for scanning the jet nozzle of the separating apparatus in

direction is used, the plurality -of bonq@Q substrate

sequential |l y separat ed. I n the above exanple, t _
scanned. | nstead, the bonded substrate stack may be dqg¢anned while the
jet nozzle is fixed in position. 25 In the above exanple, the
separating apparatus 200 shown in Fig. 14 was used. The separating

apparatus 100 stubaryi shafts 106 and 107 are rotated by the branched
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rotational forces, respectively.

A spring 113 for pressing the bonded substrate stack
101 is attached to the support portion 103 supporting the
rotary shaft 107. Therefore, even when the bonded substrate
stack 101 is not chucked by the vacuum chuck mechanisms 108a
and 109a, the two substrates separated by the jet ejected
from a jet nozzle 112 do not drop. In addi_tion, when the
bonded substrate stack 101 is separated while being pressed,

the bonded substrate stack 101 can be stably held during

. separation.

A spring for pressing the bonded substrate stack .101
may also be arranged 611 the rotary shaft 106 side.

The separating app'aratus 100 has an adjustment
mechanism for adjusting the interval between the substrate
holding portions 108 and 109.

Fig. 5 is a view showing the first arrangement of the
adjustment mechanism. Fig. 5 shows an adjustment mechanism
using an air cylinder 122. The air cylinder 122 is fixed on,
e.g., the support portion 103. The driving source 111 is
moved by a piston rod 121. To set the bonded substrate stack
101 in the separating .apparatus 100, the air cylinder 122
is controlled to move the driving source 111 in a direction
in which the interval between the substrate holding portions
108 and 109 increases (in the positive direction of X-axis).

In this state, the bonded substrate stack 101 is set between



- 43- Fig. 3 or the separating apparatus 400 shown in IT—

be used. (Exanple 2) A first p- or n-type singl| EPLAQEMEN& SHEET
substrate having 5 aresistivity of 0.01 [err] cmwas subj e¢t

t wo- st ep anodi zing in an HF solutioy to formtwo porous |ayer

shown in Fig. 1A). Theanodizing conditiaHs were as follows. f%cﬂh@ﬁ%g

of First Step> Current density: 7 (mA/crr[err])

Anodi zing solution: HF : Herr]0 : C(err]JHerr]OH=1: 1

Ti nme: _ 10 (mn) Thi ckness of first porous . 4.5
(Lerrlm tﬁé nsOL%sztlrrélgcetho§%1ngdp§ztr€Pons 108 and 109, and driving of

the piston rod 121 by the air cylinder 122 is canceled. The
substrate holding portion 109 presses the bonded substrate
stack 101 bﬁr the action of the spring 113.

5 Fig. 6 is a view showing the second arrangement of the
adjustment mechanism. Fig. 6 shows an adjus.'t';ment mechanism
using a.n eccentric cam 131 ahd a motor. The eccentric cam
131 is coupled to the motor (not shown). The i_nterval between
the substré.te holding portions 108 and 109 is adjusted by

10 reciprocally moving a driving plate 132 coupled to the rear
end of the motor 111. As described above, the spring 113
applies a force to the rotary shaft 107 in the ﬁegative
direction of X-axis. When the bonded substrate stack 101 is
to be held, a gap is formed between the eccentric cam 131

15 and the driving plate 132. Therefore, when the bonded
substrate stack 101 is to be held, a press force acts on the
bonded substrate stack 101.

The above mechanism for adjusting the interval betwéen
the substrate holding portions 108 and 109 may also be mounted

20 on the substrate holding portion 108 51de

A high-pressure pump 115 is coupled to the jet nozzle
112. When a hlgh—pressure jet medium (e.g., water) is sent
from the high-pressure pump 115 to the jet nozzle 112, a jet
is ejected from the jet nozzle 112. The pressure applied to

25 the jet medium by the high-pressure pump 115 is controlled

by a pressure control section 116.



Current density: 20 (rrA/cn{err]) 15 Anodi zi ng sol yt HF-

Herr]O : (err]Herr]OH=1: 1 Ti me: REMACEMENT SHEET
Thi ckness of second porous Si: 2 ([err]r‘r) A poroug $ Tayer

having a two-layered structure was _éor med. The surface po ouF3S'MAhamg
anodi zed at a low current 20 first wasHsed to forma high-qudli

epitaxial Si |ayer, and the | ower porous Si |layer (layern

porosity) anodi zed at a high current was used as a sepafation | ayer,

so the functions of the two Iayers were separated. The t AT CKNess of

the porous Si |aye ok 5 I t he above

t hi ckness (4.5 [erré]d)ngeg% |s sw #Pg sgg.g g?’ %nd%ée% to ﬁbl [err]m

The thicknessgf 106,001 ®YSwiSi1 be described next.
To set the bonded substrate stack 101 in the separating
apparatus 100, first, the bonded substrate stack 101 is
5 inserted between the substrate holding portions 108 and 109
by a conveyof robot and held while the center of the bonded
substrate stack 101 matches that of the substrate holding
portions 108 and 109. The bonded substrate stack 101 is
vacuum~-chucked by the substrate hbiding portion 108.

10- Next, the substrate holding portion 109 is pressed
against the bonded substrate stack 101 by the force of the
spring 113. More specifically, when the adjustment
mechanism shown in Fig. 5 is employed to adjust the interval
between the substrate holding portions 108 and 109, driving

15 of the piston rod 121 by the air cylinder 122 is canceled.
When the adjustment mechanism shown in Fig. 6 is employed,
the eccentric cam 131 is rotated such that the press force
.of the spring 113 acts on t;he bonded substrate stack 101.

When separation processing is to be executed, the bénded

20 substrate stack 101 need not always be vacuum-chucked by the
vacuum chuck mechanisms 108a and 109a. This is because the
bonded substrate stack 101. is held by the press force of the
spring 113. However, when a weak press force is used, the
bonded substrate stack 101 is preferably vacuum-chucked.

25 , The rotary shafts 106 and 107 are rotated by the driving

sources 110 and 111 in synchronism with each other. 1In this
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above thickness (2 [err]m as far as a thickness at which th
substrate stack can be separated by jet.is ensured. After .
formation of the second porous Si Iayer_%a third 5 layer or ré& 3 MAR §999

having different porosities may be or ned. hijs_substrate
was oxi di.zed in an oxygen at nosphere at 400[ err] C for hr. Upon
oxi dation, the inner wall of each pore of the porous Sillayer was

covered with a thermal oxide film 10 The surface of the porous Si |ayer
was treated wi shate, the high-pressure jet medium (e.g., water) is sent

from the high-pressure pump 115 to the jet nozzle 112 while
the pressure is controlled by the pressure control section
116, thereby ejecting a high;speed, high-pressure jet from

S the jet nozzle 112. The ejected jet is injected into the
separation region of the bonded substrate stack’lOl. When
the jet is injected, the porous layer 101b or the .fragile
structure of the bonded substrate stack 101 is broken, so
the bonded substrate stack 101 is separated into two

10 substrates at the porous layer 101b.

Subsequently, while injecting the jet into the
separation region (porous layer 101b) qf the bonded substrate
stack 101, the two separated substrates 10la and 10lc are
physically split from each other. More specifically, when

15 the adjustment mechanismshown in Fig. 5 is employed to adjust
the interval between the substrate holding portions 108 and
109, the piston rod 121 is driven by the air cylinder 122
in the positive direction of X-axis (direction in which the
spring 113 compresses) while the substrates are vacuum-~

20 chucked by the substrate holding portions 108 and 109,
respectively. When the adjustment mechanism shown in Fig.
6 is employed, the eccentric cam 131 is rotated to drive the
rotary shaft 107 in the positive direction of X-axis
(direction in which the spring 113 conipresses) while the

25 substrates are vacuum-chucked by the substrate holding

portions 108 and 109, respectively.




hydrofluoric acid to renove only the oxide filmon the surfaf e
porous Si |ayer while |eaving the oxide filmon the ~inn 5E GEMENtaSHEET
pore. After this, single-crystal Si was epitaxially gro on the

porous Si layer to 0.3 [err]mby CVD 1! 3. (Chem cal Vapor o0sHtI ‘?‘mﬁ 1959

The grow ng conditions were as f ol+ews. Soyr qe gas:
SiHerr]dJ[err]/Herr] Gas flowrate: 0.5/180 (¥ mn
Gas pressure: 80 (Torr) 20 Tenper at ur e: 900 ([ 10)

G owh rate: 0.3 ([err]mmn) As an insulating | ayer, an
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tsﬁdwn inFig. 4, jet ejection is stopped, and the substrates
are detached from the substrate holding portions 108 and 109
by, e.g., the conveyor robot.

5 The jet nozzle 112 may be fixed in position but is
preferably mdvable. Thi;s'. is because the position of the jet
nozzle 112 is preferably adjusted in accordance with the type
or size of bonded substrate stack 101.

| Fig. 7 is a view showing the driving robot of the jet
10 nozzle 112. A driving robot 160 shown in Fig. 7 moves the
5et nozzle 112 along a path 170. When the bonded substrate
stack 101 is to be attached/detached to/from the substrate
holding portions 108 and 109, the driving robot 160 moves
the jet nozzle 112 to a retreat position 171. When the bonded
15 substrate stack 101 is to be separated and split, thé driving
robot 160 moves the jet nozzle 112 to an operation position
172. As described above, when the jet nozzle 112 is retreated
in attaching/detaching the bonded substrate stack 101, the
operation of attaching/detaching the bonded substrate stack
20 101 and, more particularly, the operation of
attaching/ detaching the bonded substrate stack 101 using the
conveyor robot can be efficiently performed.
It is also effective to scan the jet nozzle 112 on the_
separation region of the bonded substrate stack 101 in the
25 planar direction of the bonded substrate stack 101 during

separation and split of the bonded substrate stack 101. 1In



25 the step shown in Fig..

1B) . The first subst
second -Si substrate which was ' ﬁtﬁlﬁbE‘MENT SHEET
'REPLACEMENT SHEET - - 45 - i ndepehdent Ty
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opposed the surface of the second substréate. The resul tapt s ure
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is case, % cfe'& I:ugstrat:e stack 101 can be separated
well without rotating it.

Fig. 8 is a view showing another example of the driving
robot of the jet nozzle 112. A driving robot 161 shown in
Fig. 8 moves the jet nozzle 112 along a path 180. When the
bonded substrate stack 101 is to be attached/detached to/from
the substrate holding portions 108 and 109, the driving robot
161 moves the jet nozzle 112 to a retreat position 181. When
the bonded substrate stack 101 is to be separated and split,
the driving robot 161 moves the jet npzzle 112 to an operation
position 182. As described above, when the jet nozzle 112
is retreated in attaching/detaching the bonded substrate
stack 101, the operation of gttaching/detaching the bonded
substrate stack 101 and, more particularly, the operation
of attaching/detaching the bonded substrate stack 101 using
the conveyor robot can be efficiently performed.

It is also effective to scan the jet nozzle 112 on the
separation region of the bonded substrate stack 101 in the
planar direction of the bonded substrate stack 101 during
separation and split of the bonded substrate stack 101. 1In
this case, the bonded substrate stack iOl can be separated
well without rotating it.

The separating apparatus 100 separates the bonded
substrate stack while appropriately changing the jet
pressure. The reason for this is as follows.

The jet pressure required to separate the bonded




13 (corresponding to the step shown in Fig. 1D). Détails Wi |}

descri bed bel ow. - .10 First, the bonded substrate stack BEBLAGEMBQTCSHEET
. verticall é ‘bet ween the substrate hol ding .portions 404 and 206 Ana T e

pi ston rod 410 was pushed-to bring the bstrate hol di n ont4 QR

into contact with the bonded substrate'a—%' stack 101. In th spstia% }Mfﬁ%ﬁg
vacuum chucks of the substrate 15 holding portions 404 andj 486—were
~actuated. The distance bet ween the bonded substrate stjack 101 and the
jet nozzle 418 is preferably 10 to 30 mm In this exanple, tne

di st ance was set to be 15 nm Subsequently, water as a jet
medi um was segnbstiaget seackd01lhchanges stependimgpon 1the eoritdopedt rtderl e 418,
and stabilization of the jet was waited. The jet pressure was .

separation region of the bonded substrate stack. For
example, the separation force acting on the bonded substrate
stack changes between the peripheral and the central portions

5 of the bonded substrate stack 101, so the jet pressure
necessary for separation changes between the peripheral and
the central portions. When the bonded_substrate stack 101
is to be separated using a constant jet pressure, a
high-pressure jet must be used throughout the separa;ion

10 processing. In this case, the bonded substrate stack or
separated substrates may break or be damaged, resulting in
a low yield.

To solve this problem, the mechanical strength of the

separation region can be lowered. However, when the

15 separation region is made excessively fragile, the
separation region readily breaks in the step of bonding or
cleaning the two substrates (first and second substrates),
so it becomes difficult to manufacture a substrate with
desired quality. In addition,'particles may be generated

20 from the broken separation region to contaminate the
manufacturing apparatus and the like.

To appropriately control the jet pressure du:ing bonded
substrate stack separation processing, the pressure is
controlled on the basis of the positional relationship

25 between the jet nozzle 112 and the bonded substrate stack

101 or in accordance with time.




set to be 500 kgf/cnferr] under the control of the pressure c
section 420. Wien the jet stabilized, the shutter 415 was . MEM‘ SHEET

inject the jet against -the concave portion of the 25 bevellijng of the
bonded substrate stack 101. At this tl@?ﬁ‘ t he: substrate |hgl di 3o MAR 1999

portion 404 was rotated by the notor

- 46-

402 to rotate the bonded substrate stack 101.

Separ ati on processing was performed by controlling the L gh-pressure

punp 419 in accordance with the procedure shown
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Figs. 9 to 11 are charts showing examples of jet pressure
control during separation 'processing. The pressure control
section 116 controls the pressure (jet pressure) generated
by the high-pressure pump 115, on the basis of one of the
control procedures shown in Figs. 9 to 11.

Fig. 9 shows a control example in which separation
p_rocessing is exécuted while fixing the jet nozzle 112 at
the operation position 172 or 182 shown in Fig. 7 or 8 and
rotating the bonded substrate stack 101. In the example
shown in Fig. 9, thé jet pressure is adjusted in three steps.
In aperiod T1, the peripheral portion of the bonded substrate
stack 101 is mainly separated. During the period T1l, the jet
injected into the bonded substrate stack 101 is easily
discharged, and the sepé.ration force hardly acts on the
bonded substrate stack 101, so the jet pressure is sét to
be high. At the peripheral portion of the bonded substrate
stack 101, the jet medium is easily discharged, as described
above. For this reason, even when the jet pressure is set
to be relatively high, the bonded substrate stack 101 does
not break.

In a period T2, the intermediate portion between the
peripheral portion. and the central portion of the bonded
substrate stack 101 (to be simply referred to as an
intermediate pbrtion hereinafter) is mainly separated.
Since the speed of jet lowers at the intermediate portion,

the function of separating the bonded substrate stack 101



in Fig. 9. First,

the start of

conti nued while maintaining the

the unseparated 10 portion was separated at a higher jet preg
Wth the above processing, the bonded strate

kgf/cnferr].

separation processing was started while 5 ] | -
the jet pressure at 500 kgf/cn2. For a period of 20 to {04 %EMEM' SHEET

separ ati'on processing, separation processi ng

j el ppressure at 200 kgf/crr[eriB MARO1993

a period of 80 to 100 sec after the—-—start of separation prqgcessi ng,

sure of 400

st ack - 101 was separat ed into tvvo substrates by an appropriate

f b e s , Accord h
Separating aptERERIR dua0r EPRAREARE o1 5be igf oo PR TR EPEPEASHPom 1 he

bonded substr

two substrat
friction.
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paths of the jet medium injected into the bonded substrate

stack 101 decrease. The separation force due to the pressure
of the jet medium injected into the bonded substrate stack
101 increases, and the bonded substrate stack 101 is
separated mainly by this separation force. When the same
pressure as that for the peripheral portion is applied to
the jet medium, the bonded substrate stack 101 may break.
For this reason, the pressure of the jet medium is set to
be relatively low at the intermediate portion.

In a period T3, the central portion of the bonded

~ substrate stack 101 is mainly separated. When the separated
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portion is close to the central portion, the separated
portion of the bonded substrate stack 101 warps to increase
the discharge paths of the jet medium. The pressure of the
jet medium is reduced as compared to that in separating the
intermediate portion, resulting in a smaller separation
force. For this reason, at the central portion, the pressure
of the jet medium is preferably set to be higher than that
in separating the int:ermediate portion.

.As described above, by appropriately changing the
pressure of jet to be ejected from the jet nozzle 112 in

accordance with the time elapse in separation processing,

damage to the bonded substrate stack can be reduced while |

increasing the efficiency of separation processing.

t he



Al t hough the nethod of separating the bonded substrate

rotating it but instead scanning the jet 20 nozzle, as in R@ME‘ENT rﬂ‘fEET

apparatus 200.shown in Fig. 14, is.effective, the bondgqd {SUDSTTar ¢
stack can be separated - using a |l owgressure jet when the bOIil 1999
substrate stack 101 | S separ at ed V\A‘é| e being rotated, gs Jin ﬁg‘m
separati ng appar atus 400 shown in Fig. 13. For exarrpl e,

separating apparatus 200 shown in Fig. 14 uses a jet nozzle 202 havi ng

a dianmeter of 0.15 nm a jet having a pressure
REPLACENENT SHEET

Fig. 10 shows a contfol example in lv%{ich separation
processing is executed while scanning the jet nozzle 112
along the separation region of the bonded substrate stack
101 and simultaneously rotating the bonded substrate stack

5 10l1. Fig. 12 is a view showing the force of jet acting on
the bonded substrate stack 101. When the jet is injected
toward the peripheral portion of the bonded substrate stack
101, the jet injected against the bonded substrate stack 101
is easily discharged outward, as shown in Fig. 12, and the

10 separation force of jet does not efficiently act on the bonded
substrate stack 101. On the other hand, when the jet j.s
injected toward the central portion of the bonded substrate.
stack 101, the jet injected against the bonded substrate
stack 101 efficiently separates the bonded substrate stack

15 101. According to this ekample, when the jet nozzle 112 is
to be scanned along the porous layer, the jet pressure is
. preferably changed in accordance with the positional
relationship between the jet nozzle 112 and the bonded
substrate stack 101.

20 | In a section Y1, the jet pressure is stabilized. 1In
a section Y2, the peripheral portion of the bonded substraﬁe
stack 101 is mainly separated. In this section Y2, since the
jet is not efficiently injected against the bonded substrate
stack 101, the jet pressure is preferably set to be relatively

25 high, as described above.

In a section Y3, the intermediate portion of the bonded



in the nei ghborhood of 2,000 kgf/cnferr] is required. HoweveL in the
separating apparatus 400 shown.in Fig. 13, the bonded . ) pLﬁQEW[@I:ISHEET
can be separated using a jet having a pressure . of- sever F
kgf/cmerr]. This is because when the J_e9_ 5 injected ag . i]&\m 1899
central portion of the bonded substrate = stack 101, the seppr R
force efficiently acts on the internal portion of the bohded substrate

stack 101. The followi ng effects can be obtained by} reducing the

" jet pressure. 10 1) Break or damage to the bonded 'substrate
prevent ed. Si nce sure ff| cie ability,
a plurality oF“P@%rﬁ'Eﬁflt&? t%?’%%’?&trr% his Sellion ¥

since the jet efficiently separates the bonded substrate
stack 101, as compared to the section Y2, the jet pressure
is preferably set to be lower than that in the section Y2
5 to prevent damage to the bonded substrate stack 101.
In a section Y4, the central portion of the bonded
substrate stack 101 is mainly separated. When the separated
' portion is close to the central portion by scanning the jet
nozzle 112, the separat;.ed portion of the bonded substrate
10 stack 101 warps to increase the discharge paths of the jet
fnedium. The pressure of the jet medium is reduced as compared
to that in separating the intermediate portion, resulting
in a smaller separation force. For this reason, at the
central portion, the pressure of the jet medium is preferably
15 set ﬁo be higher than that in separating the intermediate
portion. In this example, the bondéd substrate stack 101 is
separatedwhile rotating it. Hence, separation of the bonded
substrate stack 101 is complete when the jet nozzle 112 is
scanned from the peripheral portion to the cenﬁral portion
20 of the bonded substrate stack 10l1. In a section Y5, the
pressure of the high-pressure pump is gradually reduced to
stop the pump operation.
As described above, when the pressure of jet eje_cted
flrom the jet nozzle 112 is appropriately changed in
25 accordance with the positional relationship between the jet

nozzle 112 and the bonded substrate sta_ck 101, damage to the



3) The high-pressure purfp can be nmade corrpacf and 15 [ight

Laht A
SI nce _t.he degree of freedomin selection of the materi al , RE'PILAGEMENT éHEET
.[nhgh— pr ess?re' pur_rpdor pi pe systemincreases, a mat eri al bujftapte Tor.

he type of jet nedium(e.g., pure _yipter) can be selectef.|

Since the noise of high-pressure punp or—y—&jaet ej ection deg¢r a?g%,ﬁm 1993
soundproofi ng neasures can be easily taken. In the ge thrgt
apparatus 400 shown in Fig. 13, only t he substrate hol di pg porti on 404
S|dek|iogr|vgn, s? a tw sting force may act on the bonde ubstTate
stac : 5 If this force poses a problem another potor is preferab
coupl ed to t hbopdest $@$M%i&¥@%F@oﬁeMu§%“&B‘i&r fpereasin the Y

efficiency of separation processing.
Fig. 11 shows ahotl'ier control example in which
separation processing is executea while scanning the jet
5 nozzle 112 along the separation region of the bonded
substrate stack and simultaneously rotating the bonded
substrate stack 101. In this control example, the jet
pressure is more smoothly changed in the section from the
peripheral portion to the intermediate portion and in the
10 section from the intermediate portion to the central portion,
aslcompared to the control example shown in Fig. 10.

In the section Y1, the jet.pressure is stabilized. In
the section Y2, the peripheral portion of the bonded
substrate stack 101 is mainly separated. Inthis sectionY2,

15 since the jet is not efficiently injected against the bonded
substrate stack 101, the jet pressure is preferably set to
be relatively high,.as described above.

In the sections Y3 and Y4, the intermediate portion of
the bonded substrate stack 101 is mainly separated. In the

20 section Y3, the jet pressure is gradué.lly reduced. In the
section Y4, the jet pressure is gradually raised.

In the section Y5, the central portion of the bonded
substrate stack 101 is mainly separated. In a section Y6,
the pressure of the high-pressure pump is graduélly reduced

25 to stop the pump operation.

As described above, when the pressure of jet ejected
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substrate hol ding portions 404 and 406 in synchronism Wi ngggﬁEMﬁ SH E
.After the bonded substrate stack 101 was separated, the ofous S
| ayer transferred to the second substratg was 5 selectively]efc
stirring in a mxed solution of 49%
peroxi de (correspondi ng to the step shown in Fig. 1E). The
single-crystal Si |ayer served as an etch stop layer. Th

| ayer was

"=hydrofluoric acid and 30% hy

selectively etched and conpletely renoved. 10

etching rate sz‘ontl m%en.%nétp AoP4ieSh18! 19! &&5&%}?%‘-’1@9’9‘3 in accordance
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with the positional relationship between the jet nozzle 112

and the bonded substrate stack 101, the bonded substrate

~ stack 101 can be separated by a jet having a more appropriate

pressure.

The methods of changing the pressure of jet ejected from
the jet nozzle 112 are not limited to the above three examples.
The method can be appropriately changed in accordance with
the type or size of bonded substrate stack, the type or size
of separation layer, or the bonded substrate stack holding
method.

The arrangement of a separating apparatus according to
the second embodiment of the present invention will be
described next. Fig. 13 is a view showing the arrangement
of the separating apparatus according to the second
embodiment of the presentl invention.

A separating apparatus 400 has substrate holding
portions 404 and 406 having vacuum chucks. A bonded
substrate stack 101 is sandwiched by the substrate holding
portions 404 and 406 and held. The bonded substrate stack
101 has a porous layer 101b as a fragile structure. The
separating apparatus 400 separates the bonded substrate
stack into two substrates 10la and 10lc at the porous layer
101b. In this separating apparatus 400, the bonded substrate
stack is set such that the substrate 10la is placed on the

first substrate 10' side in Fig. 1D and the substrate 10lc

ngiégf_




for the above etchant is very low. The selectivity ratio to

etching rate of the porous layer is 10[err] or nore. The
anount of the non-porous |ayer (about several ten A) is all
practical use. 15 =~ Wth the above pyocess, an SO substrat
0. 2-[err]lm ~ thick single-crystal S— ayer on the Si oxidejf
f or med. The thickness of the single-crystal Si |ayer afte

Si | ayer was selectively etched was neasured at 100 points

entire surface. The thickness was 201 nm[err] 4 nm

20 '
observati on w,th transm ssLo t I Gln0SC a at no
new crystal d&F’eE’?S‘C gr éﬂ} gﬁrére%eg&?& él‘%;}f%reats% nmé'?be- (§:'r ?/E?aFgélg #‘12;‘/%}?& and
satisfactory 4 crystallinity was maintained. The resul tant

structure was “subjected to a heat
The substrate holding portion 404 is coupled to one end

of a rotary shaft 403 which is rotatably axially supported
5 Dby a support base 401 through a bearing 405. The other end
of the rotary shaft 403 is coupled to the rotary shaft of
amotor 402. The rotational force generated by the motor 402
rotates the bonded substrate stack 101 vacuum-chucked by the
substrate holding portion 404. In separating the bonded
10 substrate stack 101, the motor 402 rotates the rotary shaft
403 at a designated rotation .speed in accordance with an
instruction from a controller (not shown).
The substrate holding portion 406 is coupled to one end
of a rotary shaft 408 which is rotatably and slidably axially
15 supported by the support base 401 through a bearings 407.
A compression spring 409 is attached to the other end of the
rotary shaft 408. With this arrangemeht, the bonaed
substrate stack 101 receives a force from the compression
spring 409 in a direction (X-axis direction) in which the
20 substrate 10la and the porous layer 10lb are spaced apart
from each other. Consequentiy, when the bonded substrate
stack 101 is separated into the substrate 10la side and the
substrate 10lc side by a jet from a jet nozzle 418, the
substrate 10la side moves in the X-axis direction to be split
25 from the substrate 10lc side.

Before the bonded substrate stack 101 is separated, the



25 treatnent
roughness was evaluated with an atom c for.ce m croscope. The h{':l-?,ffjl"'{-"EMENT SHEET

I n hydrogen at 1,100[err]C'for 1 hr, and the suf

-49- nmean square roughness in a 50-[err]msquare areajwgs about O. 2
nm This almost equals that of a commercjally available Si. wef 8r par 1399
The sanme result as described above was tai ned even 5 when fh¢ oxide film
(Sigerr]) was fornmed not on the surface of the epitaxial MAyer—but—on

the surface of the second substrate
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rotétional force of the rotary shaft 403 is transmitted to
the substrate holding portion 406 through the bonded
substrate stack 101. As a result, the rotary shaft 403,
substrate holding portion 404, bonded substréte sta¢k 101,
substrate holding portion 406, rotary shaft 408, and
compression spring 409 integrally rotate. When the bonded
substrate .stack 101 is separated into two substrates, the.
rotary shaft 408 stopé,

An air cylinder 411 is arranged on the rear end side
(in the X-axis direction) of the rotary shaftl408 . When the
bonded substrate stack 101 is to be held by the substrate
hdlding portions 404 and 406, the air cylinder 411 pushes
a piston rod to move the rear end of the rotary shaft 408
in a direction (negative direction c¢f X-axis) in which the
compression spring 409 compresses (the state shown in Fig.

13). After the bonded substrate stack 101 is held by suction

by the vacuum chucks, the air cylinder 411 retracts thepiston

rod 410 (moves the piston rod 410 in the X-axis direction)
to allow to seéarate the bonded substrate stack 101. That
is, the air cylinder 411 pushes the piston rod 410 in setting
the bonded substrate stack 101 between the s‘u_bstrat'e holding
portions 404 and 406 and ;*:etracts the piston rod 410 upon
completing setting.

To set the bonded substrate stack 101 in the separating
apparatus 400, the bonded substrate stack 101 is mounted on

a groove portion 412a of an alignment shaft 412 axially



or on both surfaces. The porous Si layer left on the petst

substrate side was sel ectively etched under stirring in a|REPEACEMENT SHEE
solution 10 .of water, 40% hydrofluoric acid, and 30% hydrogen pgeroxtce:

When the resultant structure was subjectggd to a surface tde tnﬁgt c@

as hydrogen annealing or surface polishihg; t he substratejcoul b@iﬁ 99
recycled as the first or second substrate. 15 Even n.the
separating apparatus 100 shown in Fig. 3 was used as a separating
apparatus, the sane effects as . descri bed.above were obtai rred:

Even when the

a sati sfactor
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414, and then, the piston rod 410 is pushed to bring the
substrate holding portion 406 into contact with the bonded
substrate stack 101, as described above. In this state, the
vacuum chucks of the substrate holding portions 404 and 406
are actuated.

Two alignment shafts 412 are preferably arranged along
the Y—a#is. In this case, only by placing _the bonded
substrate stack 101 on the two alignment shafts 412, the
position of the bonded substrate stack 101 with respect to
the three directions, i.e., the X-, Y-, and Z—directions can
be defined. This facilitates manual setting of the boﬁded
substrate stack 101. In addition, if a conveyor robot is to
be employed, the arrangement of the conveyor robot can be
simplified.

To remove the separated substrates, the substrate 101la
side moves in the X-axis direction upon completing separation
processing to split the two substrates. After this, the two
substrates are held by, e.g., the conveyor robot, and the
suction by the vacuum chucks of the substrate holding
portions 404 and 406 is released.

A high-pressure pump 419 is coupled to the jet nozzle
418. When a high-pressure jet medium is sent from the
high~pressure pump 419 to the jet nozzle 418, a jet is ejected
from the jet nozzle 418. The pressure applied to the jet

medium by the high-pressure pump 419 is controlled by a



An oxide film(Sierr] layer) having a thickness of 400 [err]

formed on the surface of a first single-crystal Si ~substr

thermal oxidation as an insulating |ayer. Next, . lons werle Mﬁl\m SHEET
fromthe surface of the first substrate 5 such that the prfojjecti on range
stayed in the Si substrate. Wth thiX™ process, a layer dervi h§ MARaiQQQ
separation | ayer was

REPLACEMENT SHEET -50 - fornmed as
a-distortion layer due to a mcrocavity |ayer or a heavidaedaped jon

species layer at a depth correspondin ] )
pressure control section 420 in accordance with one of the

control procedures shown in Figs. 9 to 11.

A shuttér 415 is used to prevent the jet from hitting

the bonded substrate stack 101 before the jet pressure
5 reaches a predetermined pressure.

In the separating apparatus 400 as well, the jet
pressure is appropriately controlled while the bonded
substrate stack is separated. For example, the jet pressure
is controlled on the basis of the positional relationship

10 between the jet nozzle 418 and the bonded substrate stack
iOl or in accordance with time. The control examples shown
in Figs. 9 to 11 can also be applied to the separating
apparatus 400.

The arrangement of a separating apparatus according to

15 the third embodiment of the present invention will be
described next. Fig. 14 is a view showing the arrangement
of the separating apparatus according to the third embodiment
_of the present im_rention. In a separating apparatus 200,
substrate holding portions 205 hold a bonded substrate stack

20 101 fixed in position, and a jet nozzle 202 is scanned by
a horizontal driving mechanism 204 along the separation layer
of the bonded substrate stack 101. Vertical position
adjustment of the jet nozzle 202 is performed by a vertical
driving mechanism 203.

25 ' In each of the abové separating apparatuses, when the

strength of the separation region (porous layer) of the



to the projection range. The first substrate and a [G&EGHT) NT SHEET
substrate which was 5 independently prepared were brought i ng e s
~such -t hat - . the surface of the SiJQerr] ‘| ayer opposed the
second substrate. The resultant strqcture was subjected §
treatnent at 600[err]C for 10 hrs to bong-the two substrates.} Bef ore
the two substrates were bonded, the substrates were 10 treajed by N2

pl asma or.the like to increase the bonding st rengt h. The
resul tant bonded substrate stack 101 was separated - usi ng the
“separating apparatus 400 shown in Fig. 13. Separation processing was
execut ed undebonfiedsswestrais Stagk 1ssnogsniferm. ShexiaplREEEsRE 38 t hat
the jet pressure _was_ raised by about_ 150 kgf/cn;‘err t hr qughout
processi ng. preferably adjusted in accordance with the strength.

Each of the above separating apparatuses can be applied
to separate hot only a semicpnductor substrate such as a
5 Dbonded substrate stack but also various objects. The object
preferably has a fragile structure as a séparat:ion layer.
Each of the above separating apparatuses processes one
bonded substrate stack. However, when a plur._‘ality of bonded
substrate stacks are aligned aiong the planar direction, and
10 the jet nozzle 6f the separating apparatus is scanned in the
planar direction,' the plurality of bonded substrate stacks
can be separated at once.
Alternatively, when a plurality of bonded substrate
stacks are aligned in the axial direction, and a mechanism
15 for scanning the jet nozzle of the separating apparatus in
the axial direction is used, the plurality of bonded
substrate stacks can be sequentially separated.
Application examples of the abdve separating
apparatuses will be described below. The separating
20 apparatuses are espécially suitable to separate a substrate
having a fragile iayer as a separation layer. As the .
separation layer, a porous layer, a micfocavity layer formed
by ion implantation, or a heteroepitaxial layer with
distortion or defects concentrated at the cryétal lattice
25 can be used. The separation layer may be formed. from a

plurality of layers having different structures, e.g., a



As a result, in addition to the SiJerr] |ayer and surface

single-crystal layer which were formed on the surface of the j — |
.Substrate to have a thickness of about 500 nm part 20 of t Rl NDSHEET

layer was transferred to the second - _gj.substrate side.. The geparation

| ayer was | eft on the surface of the first substrate. 1%5@*8%99 :
separation surface of the separated second substrat e was| ppl i she y
about 300 nm by a CW (Chemi cal 25 Mechanical Polishing) apparatos—to
remove t he damage | ayer formed upon ion inplantation andl separation

processi ng and ] o
. plurality of layers having different porosities.

(Example 1)

A first p- or n-type single-crystal Si substrate having

a size of 6 inches and a resistivity of 0.01 Q- cm was anodized

5 in an HF solution to form a porous Si layer (corresponding
to the step shown in Fig. 1A). The anodizing conditions were
as follows.

Current density: 7 (mA/cm?)

Anodizing solution: HF : HO : CCHOH =1 : 1 : 1

10 Time: | 11 (min)

Thickness of porous Si: 12 (um)

The porous Si is used tb form a high-quality epitaxial
Si layer on the porous Si layer and alsé serves as a separation
layer. The thickness of the porous Si layer is not limited

15 to the above thickness and is preferably several hundred to
0.1 pum.

This substrate was oxidized in an oxygen atmosphere at
400°C for 1 hr. Upon oxidation, the inner wall of each pore
of the porous Si layer was covered with a thermal oxide f£ilm.

20 The surface of the porous Si layer was treated with
hydrofluoric acid to remové only the oxide film.on the surface
of the porous Si layer while leaving the oxide film on the |
inner wall of each pore. After this, single-crystal Si was
epitaxially grown on the porous Si layer to 0.3 ';,un by CVD

25 (Chemical Vapor Deposition). The growing conditions were as

follows.



was planari zed.
a 0.2[err]m

f or med.

at 100 pbl nts on the entire surface. Theéhl ckness' was 201
48 e L

The resultant structure was subjected to—a heat treat fre

_ ~ Wth the above process, an SO gubstrate_havi-iag
thick single-crystal Si layer on the Si JR[H_eAGEMENWEET

The thickness of the single-crystal Si |ayer

at 1,100[err]C for 1 hr, and the surface roughness wap

eval uat edwi t hanat oni ¢ f or ceni croscope. The 10 nean squarefroughness in a
50-pm square area was about 0.3 nm This al nost equal S—that—of—=
comercially avail a?égrcsé gas: Waf§{H,Cl,/H,

10

15

20

25

Gas flow rate: 0.5/180 (l/min)

Gas pressure: 80 (Torr)

Temperature: 950 (°C)

Growth rate: 0.3 (um/min)

As an insulating layer, an oxide film (SiO, layer) having
a thickness of 200 nm was formed on the surface of the
epitaxial Si layer by thermal oxidation (cqrresponding to
the step shown in Fig. 1B).

The first substrate and a second Si substrate which was
independently prepared were stacked and brought into contact
with each other such that the surface of the SiO, layer of
the fi_rs; substrate opposed the surface of the second
substrate. The resultant structure was subjected to a heat
treatment at 1,100°C for 1 hr to bond the two substrates
(corresponding to the step shown in Fig. 1C).

Next, the resultant bonded substrate stack 101 was
separated using the separating apparatus 200 shown in Fig.
14 (corresponding to the step shown inFig. 1D). Detailswill
be described bel.ow.

First, as shown in Fig. 14, the bonded substrate stack
101 was sandwiched by the substrate holding portions 205 and
vertically held. Pure water was ejected from the jet nozzle
202 having a diameter of 0.15mm at a pressure of 2,200 kgf/cm?.
The jet nozzle 202 was scanned, by the horizontal driving

mechanism 204, immediately above the bonded. substrate stack




In this exanple, the surface region of the single- crys -

substrate (first substrate) is transferred to ?he 15 secgn REB CFMENTQSQEET
the separation |ayer formed by ion i npl antation. Alterngtiively, an

epi taxi al wafer may be used. A sepgpation layer is formd at{ 8hMAR 01889
portion of the epitaxial layer by =8n inplantation, and|tlhe epitaxial

| ayer is transferred to the second substrate by separating 0 “the
substrate at the separation |ayer. In the above ejagple. after

formati on of the separation | ayer by ion inplantation, the SiQ2 | ayer

on the surfac§9ff alongdn%ﬁ% rgdg{%é,ﬁsgggﬁﬂgheognghgebé@@pyﬁgb & ter an

epi taxial |ay are fornmed, the first substrate is

bonded 25 _t-ﬁr%ggtéﬁﬁﬂ%h aife 102Rfh/5Re . substrate is separated at
the separatio ayer, thereby transferring the epitaxial

While the jet nozzle 202 moved from a portion

immediately above the edge of the bonded substrate stack 101

5 toward the center (in the scanning direction) of the bonded
substrate stack 101 by 15 mm, the jet pressure was maintained
at 2,200 kgf/cm?.

When the jet nozzlg 202 passed the pogition, the jet

pressure was continuousiy reduced. The rate of pressure
10 reduction was -100 kgf/cm’ per cm of the moving distance of

the jet nozzle 202. When the jet nozzle 202 passed

immediately above the center of the bonded substrate stack

101, the jet pressure was 1,600 kgf/cm?.

After the jet nozzle 202 passed immediately above the

15 center of the bonded substrate stack 101, the jet pressure

was raised at a rate of 100 kgf/cm® per cm of the moving

distance of the jet nozzle 202.

After the jet nozzle 202 passed a position 60 mm from
a portion immediately above the center of the bonded

20 substrate stack 101, the jet pressure was fixed at 2,200
kgf/cm®. ‘

An elastic membexr 206 (e.g., Viton, perfluoro rubber,
or silicone rubber) is breferably placed at the contact
portion between the substrate holding portion 205 and the

25 bonded substrate stack 101. 1In this case, since the bonded

substrate stack 101 separated into two substrates can be



-52- | ayer and Si 2 |ayer to the second substrate. MI_AQEMEWFISHEET

when the separating apparatus 100 shown in Fig. 3 was

separating apparatus, the sanme effects as descri bed abgvd were :
obtained. 5 Even when the separ a_iig-r'lg appar atus 200 sHovin {13 MAR 339
14 was enpl oyed, a satisfactory substrate was manufact ured. (Exanpl e
4) An SO substrate was manufactured by the sane t hod

easily épaced apart from each other, the jet can be easily
injected against the bonded substrate stack 101 supported
by the substrate holding portions 205.

wWith the above process, the bonded substrate stack 101

5 was separated into two substrates at the porous layer as a

separation layer.

Various methods can be employed to hold the bonded
sﬁbstrate stack 101. For example, the bonded _substrate stack
101 may be held from both sides or held by a substrate holding

10 portion with a vacuum chuck. 1In the latter case, the bonded
substrate stack 101 may be pulled to both sides and held.
With this arrangement, the two substrates which are
physically separated are immediately split, so damage due
to friction between:the two substrates can be prevented.

15 As a result, in addition to the SiQ, layer and epitaxial
Si layer formed on the surface of the first substrate, part
of the porous Si layer was transferred to the second substrate
side. The porous Si layer was left on the surface of the first
substrate.

20 When 100 bonded substrate stacks were separated by this
method, about 90% of them were satisfactorily separated. On
the other hand, when bonded substrate stacks were separated
while maintaining a predetermined jet pressure, about 30%
of bondea substrate stacks were damaged during processing.

25 The porous Si layer transferred to the second substrate

was selectively etched under stirring in a mixed solution



as in Exanple 2 except that separation processing was 10 executed while

scanning the jet nozzle on the separation regi on of the
substrate stack. A substrate 101 forned by the sane
Exanpl e 2 was separated using the ‘ﬁparatlng apparat us s
3. Details will be described bel ow. The bonded subs
101 was vertically held bet ween the substrate hol di ng pd
109 whil e bei ng pressed by the substrate hol di ng porti on
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hdwn in Fig
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rtjions 108 and
109. The

nozzle  112.

di stance between the bonded substrate stack 101 and the jet

f bl 10 | n_t hi nal 20 _d b
15 fm o of agh PuRESEMGIS, e T e RYarESRRsPRERRER I Ca on the
basis of the C(%%trfr%'sponanﬁgeté HE {0 ok inFIEL 1EPS The

single-crystal Si layer of the second substrate served as

an etch stop layer. The porous Si layer was selectively

§ etched and completely removed.
| The etching rate of the non-porous Si single

for the above etchant is very low. The selectivity

crystal

ratio to

the etching rate of the porous layer is 105. or more. The

etching amount of the non-porous layer (about several ten

10 A) is allowable for practical use.

With the above process, an SOI substrate having

at.2-um

thick single-crystal Si layer on the Si oxide filmwas formed.

The thickness of the single-crystal Si layer after the porous

Si layer was selectively etched was measured at 100 points

15 on the entire surface. The thickness was 201 nm * 4 nm.

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.

20 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 microscope. The

mean square roughness in a 50-Um square area was about 0.2

nm. This almost equals that of a commercially available Si

25 wafer.

The same result as described above was obtained even




jet nozzle 112 was retreated to a position where the jet

the jet nozzle 112 did not hit the bonded 25 substrate stac
nozzl'e 112 nay be retreated in “advance). A jet nmediumwa$

" the high-pressure punp 4

115 to the jet nozzle 112 to eject a jéiiﬁ?on1the j et nozzle
at the sane tine, scanning of the jet nozzle 112 was staﬂ

(sectionYl).
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In thesection Y1, the jetpressure

when the oxide f£ilm (Si0,) was formed not on the surface of
the epitaxial laye'r but on the surface of the second substrate
or on both surfaces.

The porous Si layer left on the first substrate side
was selectively etched under stirring in a mixed solution
of water, 40% hydrofluoric acid, and 30% hydrogen.peroxide.
When the resultant structure was subjected to a surface
treatment such as hydrogen annealing or surface polishing,
the substrate could be_reéycled as the first or second
substrate.

In the above example, one bonded substrate stack was
processed. However, when a plurality of bonded substrate
stacks are aligned along the planar direction, and the jet
nozzle of the separating apparatus is scanned in the planar
direction, the plurality of bonded substrate stacks can be
separated at once.

Alternatively, when a élurality of bonded substrate
stacks are aiigned in the axial direction, and a mechanism
for scanning the jet nozzle of the separating apparatus in
the axial direction is used, the plurality of bonded
substrate stacks can be sequentially separated.

In the above example, the jet nozzle was scanned.
Instead, the bonded substrate stack may be scanned while the
jet nozzle is fixed in position.

In the above example, the separating apparatus 200 shown

in Fig. 14 was used. The separating apparatus 100 shown in



was raised to 500 kgf/cnferr]. 5 In the section Y2, .y ¢
portion of the bonded substrate stack 101 was mainly gmiAbEMEWfBHEET
. mai nt ai ni ng . thejet pressure at 500 kgf/cnferr]. Bysegarlating '
t heperi pher al portion of the bonded“substrate stack 141 usgggf@ahjmg-
pressure jet, the separation force can Be efficiently applijed 0 the
bonded substrate stack 101. In this exanple, thg secttomr—rS—wes
set for 10 to 90 nm from the edge portion of the bonddd substrate
stack 101, i.e., the portion where separation was started (to be
referred to as paration start  position In the sectjon t he
jet pressure \ﬁ&g sSt OF Fhife s?@érﬁﬁ'ﬂf‘gn?%??l}' tusg 400 heyy in Flgt hé3j‘§afy
pressure to b%?rel atively lowin the section Y3, damage to the bonded
substrate sta £9:an be prevent ed.
(Example 2)

A first p- or n-type single-crystal Si substrate having
5 a resistivity of 0.01 Q- cm was subjected to two-step
anodizing in an'I-IE' solution to form two pbrous layers (step
shown in Fig. 1a) . The anodizing conditions were as follows.
<Anodizing of First Step>

Current density: 7 (mA/cm?)

10 Anodizing solution: HF : HO : CCHOH =1 : 1 : 1
Time: 10 (min)

Thickness of first porous Si: 4.5 (um)

<Anodizing of Second Step>

Current density: 20 (mA/cm?)
15 Anodizing solution: HF : HO : CGHOH =1 : 1 : 1
Time: 2 (min)

Thickness of second porous Si: 2 (Hm)
A porous Si layer h_aving a t;wo—layered structure was
formed. The surface porous Si layer anodized at a low current
20 first was used to form a high-quality epitaxial Si layer,
and the lower porous Si layer (layer with high porosity)
anodized at a high current was used as a separation layer, .
so the functions of the two layers weré separated. The
thickness of the porous S:'L layer formed at a low current is
25 not limited to the above thickness (4.5 pm) and is suitably

several hundred to 0.1 um. The thickness of the porous Si




Also, in this exanple, the section Y4 was set for 90 t ol REPLAGEMENT SHEET
ACR—1 0Tty

the separation start position of the bonded 20 substrate st

this section, the jet pressure was rai sed to 400 kgf/cne

t he unseparated portion. Wiaen the jgf_pressure is raised

the central portion of the bonded strate stack 101, 4

separation force can be applied to the internal portion of 2b the bonded
substrate stack 101. For this reason, the bonded subst rate—stack—1+0+
can be efficiently separated while
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layer formed at a high ;:urfent: is also not limited to the
above thickness (2 pm) as far as a thickness at which the
bonded substrate stack can be separated by jet is ensured.
After formation of the second porous Si layer, a third
5 layer or more layers having different porosities may be
formed. |
This substrate was oxidized ih an oxygen atmosphere at
400°C for 1 hr. Upon oxidation, the imner wall of each pore
of the porous Si layer was covered with a themé.l oxide £ilm.
10 The surface of the porous Si layer was treated with
hydrofluoric acid to remove only the oxide filmon the surface
of the porous Si layer while leaving the oxide film on the
inner Wall of each pore. After this, single-crystal Si was

epitaxially grown on .the porous Si layer to 0.3 pm by CVD

15 (Chemical Vapor Deposition). The growing conditions were as
follows.
, Source gas: SiH,C1,/H,

Gas flow rate: 0.5/180 (1/min)

Gas pressure: 80 (Torr)
20 ' Temperature: 900 (°C)
Growth rate: 0.3 (Mm/min)

As an insulating layer, an oxide £ilm (SiO, layer) having - .
a thiékne’ss of 200 nm was formed on the surface of the
epitaxial Si layer by thermal oxidation (corresponding to
25 the step shown in Fig. 1B).

The first substrate and a second Si substrate which was




preventing damage to it. | In the section Y5, the jet

gradual l'y

'shown in Fig.

|

reduced. Even when the separating appar
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5 13 was used_as a separating apparatus, the sane leffects as

descri bed above were obt ai ned. ven when the separatifnd af3aMARI{399
200 shown in Fig. 14 was enpl oyed,” Zsati sfactory substratle was

manuf act ur ed. (Exanple 5) 10 This exanple is the sae as in
Exanpl e 4 except that the jet pressure was controlled on t si.s af

the control

exanpl e shown in Fig. 11. The bonded substrate

stack 101 fo”i"ﬁ e‘p’él.n&é‘r?cf}? rrpEre atz.lécc)fi were stacked such that the surface
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of the SiO, layer opposed the surface of the second substrate.

The resultant structure was subjected to a heat treatment

‘at 1,100°C for 1 hr to bond the two substrates (corresponding

to the step shown in Fig. 1C).

Next, the resultant bonded substrate stack 101 was
separated using the separating apparatus 400 shown in Fig.
13 (corresponding to the step shown inFig. 1D). Detailswill
be described below.

First, the bonded substrate stack 101 was held
vertically between the substrate holding portions 404 and
406, and the piston rod 410 was pushed to bring the substrate
holding portion 406 into contact with the bonded substrate
stack 101. In this state, the vacuum chucks of the substrate
holding portions 404 and 406 were actuated. The distance
between the bonded substrate stack 101 and the jet nozzle
418 is preferably 10 to 30 mm. In this example, the distance
was set to be 15 mm |

Subsequently, water as a jet medium was sent from the
high-pressure pump 419 to the jet nozzle 418, and
stabilization of the jet was waited. The ‘jet pressure was
set to be 500 kgf/cm’ under the control of the pressure control
section 420. When the jet stabilized, the shutter 415 was
opened_ to inject the jet against the concave portion of the
bevelling of the bonded substrate stack 101. At this time,

the substrate holding portion 404 was rotated by the motor



as in Exanple 2 was vertically supported between the 15 sub TN O T,

portions 108 and 109 whil e being pressed by the substrat mm&m gHEET

portion 109. The distance between - the bonded substrate sftack 101 and

the jet nozzle 112 is preferably %q6to 30 mm In this exanpl ¢.3 MR 1999
t he | et

di st ance was

set to be 15 M 20 — - I'n this exanpl g,

pressure was controlled on the basis of the control exanplestowrim
Fig. 11. First, the jet nozzle 112 was retreated to a pdgsition where

the jet

ejected fromthe jet nozzle 112 did not hit the bonded

substrate stagy 148 fdtitd HhdBoakRdlidbERYabe s@ideatoad in 25 advance). A
jet mediumwas sent fromthe high-pressure punp 115 to the jet nozzle

112 to eject a jetséparativh pebcessEihg was performed by controlling the
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high—p&:essure pump 419 in accordance with the procedure shown
in Fig. .9. First, separation processing was started while
maintaining the jet pressure at 500 kgf/cm’. For a period
of 20 to 80 sec after the start of separation processing,
separation processing was continued while maintaining the
jet pressure at 200 kgf/cm®’. For a period o_f 80 to 100 sec
after the start of separation processing, the unseparatéd
p.ortion was separated at a higher jet pressure of 400 kgf /cm?.

With the above processing, the bonded substrate stack
101 was separated into two substrates by an appropriai:e
separation force without being damaged.

According to the separating apparatus 400, since the
two substrates separated from the bonded substrate stacic 101
are immediately split from each other, the two substrates
after separation are unlikely to be damaged due to friction.

Although the method of separating the bonded substrate
stack without rotating it but instead scanning the jet
nozzle, as in the separating apparatus 200 shown in Fig. 14,
is effective, the bonded substrate stack can be separated
using a low—pressﬁre jet when the bonded. substrate stack 101
is separated while being rotated, as in the separating
apparatus 400 shown in Fig. 13. For example, when the
separating apparatus 200 shown in Fig. 14 uses a jet nozzle

202 having a diameter of 0.15 mm, a jet having a pressure
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112, and at the sane tinme, scanning of the jet nozze—4i2 ey
was started (section Y1). In the section Y1, the jet pressure 'REPLAGEMENT SHEET

rai sed to. 500 kgf/cnierr]. In the section Y2, the pegri r

portion of the bonded 5 - substrate stack 101 was mai nIy separfatjed wmiﬁ\l@ 1989
mai nt ai ni ng 1 '

peri pher al

pressure jet,
bonded substrate stack 101.
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the jet pressure at 506—kgf/cnferr]. By separftfn
portion of the bonded substrate stack 101 usin a7

al

ala.

the separation force can be efficiently applled t

HII
o the

in the neighborhood of 2,000 kgf/cm’ is required. However,
in the separatingf apparatus 400 shown in Fig. 13, the bonded
substrate stack can be separated using a jet having a pressure
of several hundred kgf/cm®. This is because when the jet is
injected against the central portion of the bonded substrate
stack 101, the separation force efficiently acts on the
internal portion of the bonded substrate stack iOl.

The following effects can be obtained py reducing the
jet pressure.
1) Break or damage to the bonded substrate stack can be
prevented.
2) Since the high-pressure pump has sufficieéent capability,
a plurality of jet nozzles can be simultaneocusly used.
3) The high-pressure pump can be made compact and
lightweight.
4) Since the degree of freedom in selection of the material
of the high-pressure pump or pipe system increases, a
material suitable for the type of jet medium (e.g., pure
water) can be selected.
5) Since the noise of high-pressure pump or jet ejeétion
decreases, soundproofing measures can be easily t:aken.

In the separating apparatus 400 shown in Fig. 13, only
the substrate holding portion 404 side is driven, so a
twisting force may act on the bonded substrate stack 101.
If this force poses a problem, another motor is preferably

coupled to the substrate holding portion 406 side to drive



10 In this exanple, the section Y3 was set for 10 to 60 REPLAGEMENTrSHEET
the separation start position of the bonded substrate stpck T0T— 1T

the section Y3, separation processing.-was .~ executed while|rgd Cﬁlrm r@
jet pressure from 500 kgf/cnferr] to _4¢.200 kgf/cnferr]. By ep!rati% 9
the bonded substrate stack while 15 gradually reducing the —PH-E5-StH-]
in the section Y3, damage to the stack can be prevented. I n
this exanple, the section Y4 was set for 60 to 90 nm from T he '
separation start position, and separation processi ng was executed

whi | e gradual Ly, T 224 N Boh 8 ng2Por P68 WUes (UMDl eFhehtbnismhe

reason why the jet préssure is gradually raised in the section Y4 is

as follows. AS d&ach ocﬁ%qa.r ation region cones close to the central

portion of the cbon ed substrate stack 101, the discharge paths of the

j et After the bonded substrate stack 101 was separated, the

QU)—1

porous Si layer transferr;'ed to the second substrate was

5 selectively etched under stirring in a mixed solution of 49%
hydrofluoric acid and 30% hydrogen peroxide (corresponding
to the steé shown in Fig. 1E). The single-crystal Si layer
served as an etch stop layer. The porous Si layer was
selectively etched and completely removed.

10 The etching rate of the non-porous Si single crystal
for the above etchant is very low. The selectivity ratio to
the etching rate of the porous layer is 10° or more. The
etching amount of the non-porous layer (about several ten
A) is allowable for practicai use.

15 With the dbove process, an SOI substrate having a 0.2-pm
| thick single;crystal Si layer on the Si oxide filmwas formed.
The thickness of the single-crystal Si layer after the porous
Si layer was selectively etchea was measured at 100 points
on the entire surface. The thickness was 201 nm * 4 nm.

20 Section observation with a transmission elecfron
microscope revealed that no new crystal defects were formed
in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The resultant structure was subjected to a heat
25 treatment in hydrogen at 1,100°C for 1 hr, and the surface

roughness was evaluated with an atomic force microscope. The




medi uminjected into the bonded substrate stack 101 increase, {ptD _‘
accordingly, - AQEMﬁNT SHEET

.the bonded substrate stack 101 weakens. To
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force nust be conpensated. | n~+hi s exanpl e, the sect

the separation force acting on the internal B\F

ef ficiently perform sepapgtion processing, the|sqpat3dtMaR 1993
I qn Y5 was

set for 90 to 100 mmfromthe separation start position qf the bonded

substrate
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5 stack 101. In this section, the unseparated portliaon was

mean square roughness in a 50-pUm square area was about 0.2
nm. This almost equals that of a commercially available Si
wafer.

The same result as described above was cbtained 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 surfaces.

The porous Si layer left on the first_ substrate side
was selectively etched under stirring in a mixed solution
of water, 40% hydrofluoric acid, and 30% hydrogen peroxide.
when the resultant structure was subjected to a surface
treatment such as hydrogen annealing or surface polishing,
the substrate could be recycled as the first or second
substrate.

Even when the separating apparatus 100 shown in Fig.
3 was used as a separating apparatus, the same effects as
described above were obtained.

Even when the separating apparatus 200 shown in Fig.
14 was employed, a satisfactory substrate was manufactured.
(Example 3)

An oxide f£ilm (Si0, layer) having a thickness of 400 nm
was formed on the surface of a first single-crystal Si
substrate by thermal oxidation as an insulating layer. Next,
ions were implanted from the surface of the first substrate
such that the projection rangé stayed in the Si substrate.

With this process, a layer serving as a separation layer was



separated while raising the jet pressure to 400 kgf/cnferr].
jet pressure is raised in separating the central portion

substrate stack 101, an appropriate separation force ca
t he internal
substrate stack 101 can be efficie
damage to it.

reduced.

portion of the bonded 10 Hggbstrate stack 101,
l'y separated while préventing

In the section Y6, the jet pressure|was gradually

Even when the separating apparatus 400 shéwR—-R—Fi-gr——-t5—u]

1g was used gs a separating apparatus the sane effects, as descri bed
above were obt aine n .t he Rl 0 shown
in Fig. - %f’\‘ﬁégagrrﬁl 8§7§8°r%l%ra{}1a¥fe§ %rgytéu %E d&'%m‘ﬁ/a'mng% %gred

As described ahove. 10y 18805 0P4 Al £'309EPY9at NE dedfth corresponding
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to the projection range.

The first substrate and a second Si substrate which was
independently prepared were brought into contact such that
the surface of the SiO, layer opposed the surface of the second
substrate. The resultant structure was subjected to a heat
treatment at 600°C for 10 hrs to bond the two substrates.
Before the two substrates were bonded, the substrates were
treated by N, plasma or the li_ke to increase the bonding
strength.

The resultant bonded substrate stack 101 was separated
using the separating apparatus 400 shown in Fig. 13.
Separation processing wasl Iexecuted under the same conditions
as those in Example 2 except that the jet pressure was raised
by about 150 kgf/cm? throughout processir_lg.

As a result, in addition to the SiO, layer and surface
single-crystal layer which were formed on the surface of the
first substrate to have a thickness of about 500 nm, part
of the separation layer was transferred to the second
substrate side. The separation layer was left on the surface
of the first substrate.

The separation surface of the separated second
substrate was polished by about 300 nm by a CMP (Chemical
Mechanical Polishing) apparatus to remove the damage layer

formed upon ion implantation and separation processing and




20 pressure in accordance with the progress of separation

processi ng,

damage to the object to be separated can be prevented W HEET
efficiently. perform ng..separation pr ocessi ng. .
t he separating apparatus or nethod, a ._2§_ hi gh-qual ity senijconductor
substrate can be manufactured at a-High yield. 13 MAR 1999
-57- According to the present invention, an object clnj be '
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was planafized.

With the above process, an SOI substrate having a 0.2-pum
thick single-crystal Si layer on the Si oxide filmwas formed .'
The thickness of the single-crystal Si layer was measured
at 100 points on the entire surface. The thickness was 201
nm + 4 nm.

The resultant structure wés subjected to a heat
treatment in hydrogen at 1,100°C for 1 hr, and the surface
roughness was evaluated with an atomic force microscope. The
mean square roughness in a 50-pm square area was about 0.3
nm. This almost equals that of a commercially available Si
wafer.

In this example, the surface region of- the single-
crystal Si substrate (first substrate) is transferred to the
second substrate via the separation layer formed by ion

implantation. Alternatively, an epitaxial wafer may be

‘used. A separation layer is formed at the lower portion of

the epitaxial layer by ion implantation, and the epitaxial
layer is transferred to the second substrate by separating
the substrate at the separation layer.

In the above example, after formation of the separation

layer by ion implantation, the SiO, layer on the surface of -

the first substrate may be removed. After an epitaxial layer
and an Si0, layer are formed, the first substrate is bonded
to the second substrate, and the substrate is separated at

the separation layer, thereby transferring the epitaxial




efficiently separated and split. I n addi tion, according the present
I pvention, a satisfactory sem conductor substrate can be man Q

The present invention is not linted to.the above enbodinent 5ﬂ @!EMET
changes and nodi ficati ons can be nade L,thin the spirit and pclope of the
present invention. Therefore, to appri'vsgg-'t he public of the sicdpeldt MAR 1899
present invention, the follow ng clains are nade. .
REPLACEMENT SHEET - 58-

layer and SiO, layer to the second substrate.

Even when the separating apparatus 100 shown in Fig.
3 was used as a separating apparatus, the same effects as
described above were obtained. |

5 Even when the separatj.ng apparatus 200 shown in Fig.
14 was employed, a satisfactory substrate was manufactured.
{(Example 4)

. An SOI substrate was manufactured by t_:he same method
as in Example 2 except that separation processing wa.s

10 e_xecuted while scanning the jet nozzle on the separation
region of the bonded substrate stack. | _

A substrate 101 formed by the same method as in Example
2 was separated using the separating apparatus shown in Fig.
3. Details will be described below.

15 The bonded substrate. stack 101 was vertically held
between the substrate holding portions 108 and 109 while
being pressed by the substrate holding portion 109. The
distance between the bonded substrate stack 101 and the jet
nozzle 112 is preferably lO'to 30 mm. In this example, the

20 distance was set to be 15 mm.

In this example, the jet pressure was controlled on the
basis of the control example shown in Fig. 10. First, the
jet nozzle 112 was retreated to a position where the jet
ejected from the jet nozzle 112 did not hit the bonded

25 subst:ate stack 101 (the jet nozzle 112 may be retreated in

advance). A jet medium was sent from the high-pressure pump




WHAT |'S CLAIMED I S: 1. A separating apparatus for se ET
obj e;:ft . corrp&r_)i s} n]gl g jet means having a fluid Jp Mpﬁm NT SHEET
ejecting a jet o] uid to the object to be separated to sleparate e

obj ect; and .~ control meang for chang!ong a condi t} dn 3& "Hk 1993

ej ecting the fluid fromthe jet un-n—% in accordance with pgrdgress of

obj ect - separation processing. 10 2. The apparatus acdording to

claim1 further conprising a hol ding portion for. holding '

be separ at ed. 3. The apparatus according to claim2 wherein the

ol ds t he pl albS F% EgP BERTH YR OIS TR gt et 80 LN
112, and at the same time, scanning of the jet nozzle 112
wasstarted(sectionYl). In the section Y1, the jet pressure
was raised to 500 kgf/cmé.

5 In the section Y2, the peripheral portion of the bonded
substrate stack 101 was mainly separated while maintaining
the jet pressure at 500 kgf/ cm®’. By separating the peripheral
portion of the bonded substrate stack 101 gsing a high-
pressure jet, the separation force canbe ef fic.iently applied

10 to the bonded substrate stack 101.
| In this example, the section Y3 was set for 10 to 90
mm from the edge portion of the bonded substrate stack 101,
i.e., the portion where separation was started (to be
referred to as a separation start position). In the section
15 Y3, the jet pressure was set to be 200 kgf/cm®. By setﬁing
the jet pressure to be relatively low in the section Y3, damage
to the bonded substrate stack 101 can be prevented.
Also, in this example, the ‘section Y4 was set for 90
to 100 mm from the separation start position of the bonded
20 substrate stack 101. In this section, the jet pressure was
raised to 400 kgf/cm’ to separate the unseparated portion.
When the jet pressure is raised in separating the central
portion of the bonded substrate stack 101, an appropriate
separation force can be applied to the internal portion of
25 the bonded substrate stack 101. For this reason, the bonded

substrate stack 101 can be efficiently separated while



15 plate-like object in a planar direction'thereof. 4 The

apparatus according to any one of clains 1 to 3, Wnerei .
_ nmeans changes a pressure of the fluid “to be ejected fr EMENtTnSHEET
i n accordance with progress of obj.agt. separation proce sfng. 205

The apparatus according to clai m 4, wherein said control
controls said jet means to set the pressure of the fluid
relatively high in separating a vicinity of a peripheral

THEMAR 199

e
por-ti+eh—ef—a

separation surface of the object to be separated. 6. The appar at us
according to claim4, wherein said_control 25 neans controls sard Jet—
means to set E%V%%@W%?P@ i d to be relatively high in

separating a vici nf:gytl'?é saeé:t'f'\ingr{ aJS, the jet pressure was gradually

reduced.
Even when the separating Iapparatus 400 shown in Fig.
5 13 was used as a separating apparatus, the same effects as
| described above were obtained.
Even when the separating apparatus 200 shown in Fig.
14 was employed, a satisfactory substrate was manufactured.
(E}Earnple 5)

10 This example is the same as in Example 4 except that
the jet pressure was controlled on the basis of the control
example shown in Fig. 11.

The bonded substrate stack 101 formed by the same method
as in Example 2 was vertically supported between the

15 substrate holding portions 108 and 109 while being pressed
by the substrate holding portion 109. The disﬁance between
the bonded substrate stack 101 and the jet nozzle 112 is
preferably 10 to 30 mm. In this éxample, the distance was
set to be 15 mm.

20 - In this example, the jet pressure was controlled on the
basis of the control example shown in Fig. 11. First, the
j.et nozzle 112 was retreated to a position where the jet
ejected from the jet nozzle 112 did not hit the bonded
substrate stack 101 (the jet nozzle 112 may be retreated in

25 advance). A jet medium was sent from the high-pressure pump

115 to the jet nozzle 112 to eject a jet from the jet nozzle



portion of a separation surface of the object to be separated
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apparatus according to any one of clains 1 to 7,

10

15

20

25

112, and at the same time, scanning of the jet nozzle 112
was started (sectionYl). InthesectionYl, the jet pressure
was raised to 500 kgf/cm’.

In the section Y2, the peripheral portion of the bonded
substrate stack 101 was mainly separated while maintaining
the jet pressure é.t 500 kgf/cm®. By separating the peripheral
portion of the bonded substrate stack 101 using a high- '
pressure jet, the separation force canbe efficiently applied
to the bonded substrate stack 101.

In this example, the section Y3 was set for 10 to 60
mm from the separation start position of the bonded substrate
stack 101. 1In the section Y3, separation processing was
executed while reducing the jet pressure from 500 kgf /cm? to
200 kgf/cm®. By separating the bonded substrate stack while
gradually reducing the jet pressure in the section Y3, damage
to the stack can be prevented.

In this example, the section Y4 was set for 60 to 90
mm from the separation start position, and separation
processing was executed while gradually raising the jet
pressure to 400 kgf/cm®. The reason why the jet pressure is
gradually raised in the section Y4 is as follows. As the
separation region comes close to the central portion of the
bonded substrate stack 101, the discharge paths of the jet
medium injected into the bonded substrate stack 101 increase,
and accordingly, the separation force acting on the internal

portion of the bonded substrate stack 101 weakens. To

The

The aplpar at uz according to claim4, wherein said control TS
.controls said jet neans to set the pressure of the fluid 1 '
relatively hi-gh in separating vieiniti e_ssso_f peri pher al 5 anfl eat% JT‘AR 83
portions of a separation surface of the-6bject t obe sepafaled._and
controls said jetneans to set the pressure of the fluid fo be
relatively lowin separating an i nternmedi ate portion between—the
vicinities of the peri pheral and the central portions. 10 8.




flLuid fromthe jet unit in accordance with a relative pogi
rel.ati onship between the jet unit and the object to be sgpgrated. 15
9.  The apparatus according to any one_gf clainms 1 to 7, vhet 8 MAR21989
control neans changes the condition for & ecting the fldiqd fromthe
jet unit as a function of tine. 10. The apparatus accordijng to any one
of clains 1 to 9 further conprising scanning neans for sdanning.the -
jet unit. 20 11. The apparatus according to any one of clainms 1 to 9,

further conprising rotatin ans for rotating the .ol:g’ ecb about an

axi s per pendi ®FEIH Ysé%ﬁ SIPORCBAF LR ATQIRSSING., (HLeEEPRHAHEOD

separ at ed. forlcze' m‘[lhse: %pep%%%ggsggggfdl ng to any one of clainms 1 to 11,

wherein said control means changes the condition for ejecting HEP}TADEWENJ SHEET

In this example, the section Y5 was set for 90 to 100
mm from the separation start position of the bonded substrate
5 stack 101. In this section, the unseparated portion was
separated while raising the jet pressure to 400 kgf/cm®. When
the jet pressure is raised in separating the central portion
of the bonded substrate stack 101, an appropriate separation
force can be applied to the internal portion of the bonded
10 substrate stack 101, so the bonded substrate stack 101 can
be efficiently separated while preventing damage to it.
In the section Y6, the jet pressure wae gradually
reduced.
Even when the separating apparatus 400 shown in Fig.
15 13 was used as a separating apparatus, the same effects as
described above were obtained.
Even when the separating apparatus 200 shown in Fig.
14 was employed, a satisfactory substrate was manufactured.
As described above, by appropriately changing the jet
20 pressure in accordance with the progress of separation
processing, damage to the object to be separated can be
prevented while efficiently performing eeparation
processing.
According to the.separating apparatus or method, a
25 high-quality semiconductor substrate can be manufactured at

a high vield.



25 wherein the object to be separated has a fragile | ayer as

separation | ayer. 13. The apparatus accordi BEPbAgEMFENIT SHEET

12, wherein the fragile - layer is a porous |ayer. 14 he
apparatus according to claim12, wherein,the fragile layer }ist 3 MARERSS
having a microcavity. 5 15. A separati &g nmethod of separatin n obj ect by

ej ecting

According to the present invention, an object can be

efficiently separated and split.

In addition, according to the present invention, a
satisfactory semiconductor substrate can be manufactured.

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.



ajet of flui
conpri si ng:

d froma jet unit to the object to be separated

separation pr

the control step of changing a conditi ;pmw ISnHEET |

the fluid fromthe jet unit in accordance with progress of

Hmmmugu ILulmum The met hgd accoerding to claifmj15, wherein
t he obj ect il s asapl at eshape andi ssepar at edby i{nj €8t MA@ 1399
the fluid against the p"l atte-li ke object in a planar directidn t her eof .
15 17. The nethod according to claim15 or 16, wherein saijd cont rol
step conprises changing a pressure of the fluid to be ejected fromthe
jet unit in accordance with progress of obj ect separation processing.
18. The net ho&’*‘é@caﬁd?ﬁ@w&% m 17, wherein said control
1. A separating apparatus for separating an object
comprising:

10

15

20

25

jet means having é. fluid jet unit for ejecting a jet
of fluid to the. object to be separated to separate the object;
and

control means for changing a condition for ejecting the
fluid from the jet unit in accordance with progress of object
separation processing. |
2. The apparatus according to claim 1 further comprising
a holding portion for holding the object to be separated.
3. The apparatus according to claim 2 wherein the object
to be separated has a plate shape, and the holding portion
holds the plate-like object to inject the fluid against the
plate-~like objecﬁ in a pianar direction thereof.
4. The apparatus according to any one of claims 1 to 3,
wherein said control means changes a pressure of the fluid
to be ejected from the jet unit in accordance with progress
of object separation processing.
5. The apparatus according to claim 4, wherein said control
means controls said jet means to set the pressure of the £luid
to berelatively high in separating a vicinity of a peripheral
portion of a separation surface of the object to be separated.
6. The apparatus according to claim 4, wherein said control
means controls said jet means to set the préssure of the fluid

to be relatively high in separating a vicinity of a central



20 step conprises setting the pressure of the fluid to be ej
fromthe jet unit to be relatively high in separating a EFhABE/M&NTaSHEET
peri pheral portion of a separation surface of . the.object jt e

separ at ed. Hnmm ﬂm cordinggg 0 claim1l7, whereinjsgi 0 _

25 step conpris l m"l" ”Messure the fluid to be ej¢c ed!g HN?OBQS
fromthe jet unit to‘beLréj'I atively high in separating a
-61- vicinity of a central portion:-of a separation su face of the

portion of a separation surface of the object tobe separated.
7. The apparatus acco:_:ding'to claim 4, wherein said control
means controls said jet means to set the pressure of the fluid
to be relatively high in separating vicinities of peripheral

S5 and central portions of a separation surface of the object
to be separated and controls said jet means to set the pressure
of the fluid to be relatively low in separating an
intermediate portion between the vicinitie; of the
peripheral and the central portioms.

10 8. The apparatus according to any one of claims 1 to 7,
wherein said control means changes the condition for ejecting
the fluid from the jet unit in accordance with a relative
positional relationship between the jet unit and the object
to be separated.

15 9. The apparatus according to any one of claims 1 to 7,
wherein said control means changes the condition for ejecting
the fluid from the jet unit as a function of time.

10. The apparatus according to any one of claims 1 to 9
fu:;:ther comprising scanning means for scanning the jet unit.

20 11. The apparatus according to any one of claims 1 to 9,
further comprising rotating means for rotating the object
about an axis perpendicular to a separation surface of the
object to be separated.

12. The apparatus according to any one of claims 1 to 11,

25 wherein the object to be separated has a fragile layer as

a separation layer.



sai d control i tting the pressure of the

ejected 5 fromt dg‘ﬂiﬂWMIEEMﬂErel atively high in separat
‘vicinities of peri cal L | parggi.ons of a separation|
of the obj ect to be separated and settitg the pressure pff the fluid
to be ejected fromthe jet unit to be relatively | ow i n peparating an
i nternedi ate portion between the 10 vicinities of the peripheral and the .|
central portions. 21. The nethod according to any one of clainms 15 to

20, wherein said control step conprises changing the C?Pdition

for ejecting fRe fTheRIRANATUFATEITIHIG tPl?lééE‘(ﬂ‘%anQrW-Fﬁ e fragile) ative

positional relationship between the jet unit and 15 the object to be
separ at ed. layer is a porous layer.

obj ect to be separated- 20—Fhe net hod accor di ng to cl ai ﬁ
AEE
n

14. The apparatus according to claim 12, wherein the fragile
layer is a layer having a microcavity.

5 15. A separating method of separating an object by ejecting
a jet of fluid from a jet unit to the object to be separated,
comprising: |

the control step of changing a conditi_on for ejecting
the fluid from the jet unit in accordance with progress of

10 object separation processing.

16. The method according to claim 15, wherein the object
to be separated has a plate shape and is separated by injecting
the fluid against the plate-like object in a planar direction
thereof.

15 17. ’fhe method according to claim 15 or 16, wherein said
control step comprises changing a pressure of the fluid to
be ejected from the jet unit in accordance with progress of
object separation processing.

18. The method according to claim 17, wherein said control

20 step comprises setting the pressure of the £luid to be ejected
from the jet unit to be relatively high in separating a
vicinity of a peripheral portion of a separatibn surface of

" the object to be separated.
19. The method according .to claim 17, wherein .said control

25 step comprises setting the pressure of the fluid tobe ejected

from the jet unit to be relatively high in separating a



22. The nethod according to any one of clainms 15 to 20, -d '
control step conprises changing the condition for eject ﬁlsﬁQEMEﬂTdSHEET
.from 1a.he jet unit as a function of time. 20 23. The fre}hod

accordi ng t-e—any-—ene—of—etains 15 to 22 further conprigi hg fexeqap i

separ ation pr ' obj c8L while scanni ng thejjpt 1ﬁar(lit allggﬁgg

t he separ atljmﬂiﬁ"l“i mlI”II the object to be separated. 24Tt

nmet hod accordifigctocany "osie Of clains 15 to 23, 25 furtherfconprising
executing separation processing for the object while rotating the

obj ect about an axis perpendicul ar .
vicinity of a central portion of a separation surface of the

object to be separated.
20. The method according to claim 17, wherein said control
step comprises.setting the pressure of the fluid tobe ejected
5 | from the jet unit to be relatively high in separating
vicinities of pefipheral and central portions of a separation
surface of the object to be separated and setting the pressure
of the fluid to be. ejected from the jet unit to be relatively
low in separating an intermediate portion between the

10 vicinities. of the peripheral and the central portions.
21. The method according to any one of claims 15 to 20,
wherein said control step comprises changing the condition
for ejecting the fluid from the jet unit in accordance with
a relative positional relationship between the jet unit and

15 the object  to be separated. |
22. The method according to any one of claims 15 to 20,
wherein said control step comprises changing the condition
for ejecting the fluid from the jet unit as a function of
time.

20 23. The method according to any one of claims 15 to 22,
further comprising. executing separation processing for the
object while scanning the jet unit along the separation
surface of the object to be separated.

24. The method according to any one of claims 15 to 23,

25 further comprising executing separation processing for the

object while rotatiné' the object about an axis perpendicular
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- 62 - T T to the—separation surface of the object to bef38E

25. The net hoium one of clainms 15 to 23, \ ﬁﬁ'@ B!T SHEET
(2)bj ect to be ml "mwn*@i ragil e layer as a separatipn|layer. 5

LK

D

6. The met hod*acéeordi ng aim 25, rein the fragile a AR <1939
porous | ayer. 27. The method accoréfng to claim25, whergifp ?ﬁ% HAR
fragile | ayer is a layer having a mcrocavity. 28. A SEparatiTy

met hod conprising separating an object 10 wusing said separating apparatus

of any one of clains 1 to 14.

to the separation surface of the object to be separated.
25. The method according to any one of claims 15 to 23,
wherein the object to be separated has a fragile layer as
a separation layer.
5 26. The method according to claim 25, wherein the fragile
layer is a porous layer.
27. The method according to claim 25, wherein the fragile
.layef is a layer havinQ a microcavity.
28. A separating method comprising separating an object
10 using said separaﬁing apparatus of any one of claims 1 to
14.
29. A method of manufacturing a semiconductor substrate,
comprising the steps of:
preparing a substrate having a separation layer; and
15 separating the object at the separation layer using the
method of any one of claims 15 to 28.
30. A method of manufacturing a semiconductor substrate,
comprising the steps.of:
forming a first substrate.in which a porous layer and
20 a non-porous layer are sequentially formed on one surface;
bonding the first substrate to a second substrate via
the non-porous layer to form a bonded substrate stack; and
separating the bonded substrate stack into two
substrates while ejecting a jet of fluid to the porous layer
25 of the bonded substrate stack, .

wherein the sepération step comprises changing a



»

29. A nmethod of manufacturing a sem condﬁctor substrate, ] e BT ¢ '
t) he steps of: preparing a substrate having a separa ﬁf MHFHT SHEH
and. 15 separ a—I,ng_,h_e,ab,Lect at the separation |ayer u$ihg the

met hod of any one of clai 30. A method of mapufadtIrMAR 1893
sem conduct or m‘\mm “ Horrprl Si ng—-t he steps of: formng a
first substrat us layer. and 20 a non-poroup Fayer are
sequentially formed on one surface; bonding the firgt_substrate

to a second substrate via the non-porous layer to forma bonded
fio o CSubsEPRELELOR T B ECETRD the s 1R B e bR ST AR, 25
of ‘the bonded supsLraleS1efdi step.
31. A method of manufacturing a semiconductor substrate,
comprising the steps of:

5 implanting ions from a surface of a substrate consisting
of a single-crystal semiconductor to a predetermined depth,
thereby forming a first substrate in which a microcavity
layer is formed;

bonding a second substrate to a front surface side of
10 the first substrate to form a bonded substrate stack; and
separating the bonded substrate stack into two
substrates while ej.ecting a jet of fluid to the microcavity
layer of the bonded substrate stack,
wherein the separation step comprises changing a

15 condition for ejecting the fluid in accordance with progress

of the separation step.
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wherein the separation step conprises changing a condi tion

for ejecting the fluid in accordance with progress: . of the separation
st ep. 31. A nethod of nmanufacturing a sem conductor substrate,
conprising the steps of: 5 |rnﬂggglrm;|ons frama surface of a
substrate consisting of a single-crystal sem conductor to a

predeterm ned depth, QRJECI'SEEANATINGAPPARATUS AND'METHUIS, | 1 Which a
mcrocavity AND METHOD OF MANUFACTURING SEMICONDUCTOR SUBSTRATE

ABSTRACT OF THE DISCLOSURE
An apparatus for separating a substrate having a pb:_:ous
layer at the porous layer is provided. A bonded substrate
stack (101) having a porous layer (101b) is supported by
5 substrate holding portions (108, 109) while being rotated.
High-speed, high-pressure.water (jet) is ejected from a
ﬁozzle (112) and injected against the bonded substrate stack
(101), thereby physically separating the bgnded substrate
stack (101) into two substrates. The jet pressure is
10 appropriately changed in accordance with progress of

separation processing.

Figure 3
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| ayer s f or med; bondi ng a second substrate to Q@@E&%‘é\t@b
side of 10 the first substrate to forma bonded substr at eége@ gr@
separati ng -the—bonded—substrate stack into two substra e

ejecting a | m crocavj | ayer of the bon
substrate st%m‘!‘”“l“nm“m“ rein the” g%par ation step conpri sesqggr%l ng a
15 conditio lc'epectinyg the fluid in accordance with progress of

t he separation step. 32. A separating apparatus conpri sing:
pressure applying neans for applying a pressure of a fluid to a side
surface of acopditiohefdriertihgcthe £luid ifmasedrésndendithgprogtessal ity of
menbers and has a separation |layer formed by anodi zing or ion

i mpl ant ati onjof theasdparation stepntrol neans for controlling said pressure
appl yi ng means to change the pressure applied to the side surface of

t he conposi t @1lnenidemeithodcobrametaatiuring @glsmcohdactor substrate,

comprising the steps of:

5 implanting ions from a surface of a substrate consisting
of a single-crystal semiconductor to a predetermined depth,
thereby forming a first substrate in which a microcavity
léyer is formed;

_ bonding a second substrate to a front surface side of
10 the first substrate to form a bonded substrate stack; and
separating the bonded substrate stack into two
substrates while ejecting a jet of fluid to the microcavity
layer of the bonded substrate stack,
wherein the separation step comprises changing a
15 condition for ejecting the fluid in accordance with progress

of the separation step.

32. A separating apparatus comprising:
pressure applying means for applying a pressure of a
fluid to a side surface of a composite member which is
formed by bonding a plurality of members and has a
separation layer formed by anodizing or ion implantation;
and '
control means for controlling said pressure applying
means to change the pressure applied to the side surface of
the composite member in accordance with progress of a

separation processing of the composite member.
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separa‘tlon processing of the conposi te menber. -64 - " 33. A

nmet hod of onductor substrate conpri sing: a step
of separating osite menber by applying a pressure of a fluid to a

si de surface ulumnﬁwmg member , tgf conposi te nenber being forned by
bondi ng a pl u and has Separation |layer formed by

anodi zing or ion I nplantation, wherein the step of separating includes
controlling the pressure applied to the side surface of the conposite
menber in accordance wth progress of a separation processing of the
conposite NE3PEr. A method of manufacturing a semiconductor substrate

comprising:

a step of separating a composite member by applying a
pressure of a fluid to a side surface of the composite
member, the composite member being formed by bonding a
plurality of members and has a separation layer formed by
anodizing or ion implantation,

wherein the step of separating includes controlling
the pressure applied to the side surface of the composite
member in accordance with progress of a separation

processing of the composite member.
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OBJECT SEPARATING APPARATUS AND METHOD,
AND METHOD OF MANUFACTURING SEMICONDUCTOR SUBSTRATE

ABSTRACT OF THE DISCLOSURE

An apparatus for separating a substrate having a porous
layer at the porous layer is provided. A bonded substrate
stack (101) havin;; & porous layer (101b) is supported by
substrate holding ﬁortions (108, 109) while being rotated.
High-speed, high-pressure water (jet) is ejected from a
nozzle (112) and injected against the bonded substrate stack
(101), thereby physically separating the bonded substrate
stack (101) into two substrates. The jet pressure is
appropriately changed in accordance with progress of

separation processing.

Figure 3
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