.NETHéD FOR PRCODUCTI ON OF SO SUBSTRATE BY PASTINé%AﬁEﬁ@Qéﬁr’£9

SUBSTRATE BACKGROUND OF THE I NVENTION Field of the Invention Thi s
~tnvention relates to a nethod for the prdduction of a pastE@ EZQ3%GE§Tr4EECK'
and the SO substrate and nore particularly to a nmethod for the SG

production of a pasted SO substrate which has repressed birth of voi ds
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5 Field of the Invention
This invention relates to a method for the
production of a pasted SOI substrate and the SOI
substrate and more particularly to a method for the
production of a pasted SOI substrate which has
10 repressed birth of voids liable to occur particularly
in the most peripheral part thereof, widened the area
thereof available for the manufacture of devices,
increased the number of devices deriv;ble therefrom,
and improved yield and the SOI substrate.
15 Related Background Art
The formation of a single crystal Si semiconductor
layer on an insulator is widely known as the "silicon
on insulator (SOI)" technique. Many studies have been
made on this substrate because the substrate possesses
20 numerous excellent points which are never attained by
standard bulk Si substrates for the manufacture of Si
integrated circuits.
In the recently reported SOI structures, the so-
called "pasted SOI" stands out particularly in terms of
25 quality. This pasted SOI is the product of the
technique which comprises preparing two wafers at least

either of which has formed an insulating film as by



numer ous excell ent points which are never attained by standard bulk S
substrates for the manufacture of Si integrated circuits. In the
recently reported SO structures, the so-- «dtled "pasted SO " stands out
particularly in terms of quality. This pasted SO is the product of the
t echni que which conprises preparing two wafers at |east either of which
has formed an insulating filmas by
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either of the substrates of the 5 j ol néd waf érs unti sin
-crystal thin filserefifging the bohlageab¥ H:héCléﬂgﬁ% FARBrEace) hRA then
insulating film Many studi es have been made concerning the

mechani sm of theopfdshing wir eltchdngt etitthes bifseht thBstrates b&ckhene of
this technique. The nethod for cleaning
5 joined wafers until a Si single crystal thin film of an
arbitrary thickness remains on the insulating film.
Many studies have been made concerning the

mechanism of the pasting which constitutes itself the
backbone of this technique. The method for cleaning

10 the two substrates before they are pasted to each other
is reckoned as one of the important items of these
studies. It has been ascertained to the scientists
that the two substrates are first given weak bondage by
the Van der Waals force during their contact at room

15 temperature and then given strong interatomic bondage
by a subsequent heat-treatment at an elevated |
temperature. The state of this Van der Waals bondage
is widely varied by the method to be used for cleaning
the substrates. In Proceedings of 4th International

20 Symposium on Silicon-on-Insulator Technology and
devices, May 6-11, 1990, Montreol, for example, Abe et
al., regarding the pasting of Si and 8i0,, report "that
while the wafers cleaned with a HF solution are bonded
only with great difficulty, the wafers which have

25 undergone the so-called "RCA cleaning" are bonded
easily because they have formed a spontaneous oxide

film on their surfaces". Many other researchers assert
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10 the two substrates before they are pasted to each ot her S
reckoned as one of the inportant itens of these studies. It has been
ascertained to the scientists that 8he two substrates are first

gi ven weak bondage by the Van der Waals force during their contact
at room 15 tenperature and then given strong interatom c bondage

by a subsequent heat-treatnent at an el evated tenperature. The state

of this Van der Wal s bondage is widely varied by the nethod to be
used for cleaniFpt the water sa@serbgdsto | therinterifare of the pasted

International 2 Synposjum on §jlicon-on-1nsul ator Technol ogy and
devi ces, May G-ﬁ%siﬁ%e?gl\% RYRAD FERoRkanh EPlekh gthe bondagg ‘by
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oxi de 5 filse@mdhers Pl Ac@PhydMEY, GFHEr FESaH Cher S @AsSEr oo,
¥ pp- 615, Mitani et al. report "that the wafer surfaces
cleaned by the HF dipping generate more bubbles in the
range of annealing temperatures of 200°C - 800°C than
the wafer surfaces cleaned by the dipping in NH,OH +
10 H,0,, notwithstanding the former wafer surfaces are
inferred to have less -OH groups than the latter wafer
surfaces".

It has been consequently held generally that when
Si and SiO, are pasted, no perfect bondage is obtained

15 unless at least thé Si side has undergone a treatment
for the impartation of hydrophilicity.

The present inventors, in their experiment which
comprises pasting a Si wafer treated to acquire
hydrophilicity and a Si wafer provided with an oxide

20 film and heat-treating the pasted wafers, have found
that voids considered to have originated in bubbles
occur at a high density in the peripheral part of the
substrate (in an annular area within about 3 mm - 4 mm
from the wafer edge) (hereinafter referred to as

25 "peripheral voids"). The group of voids has the
possibility of decreasing the area available for the

formation of deviges and, at the same time, suffering



that the water adsorbed to the interface of the pasted substrates

pl ays an inportant role in the bondage by the Van der Waals force
and, therefore, the silicon surfaces aare required to be hydrophilic.
I n Japanese 5 Journal of Applied Physics, Vol. 30, No. 4, April 1991,
pp. 615, Mtani et al. report "that the wafer surfaces - cl eaned by
the HF di ppi ng generate nore bubbles in the range of annealing i b
t emperatures of 200C - 800[err] C than ..the wafer surfaces cl eane y
thremdi ppi ng i n Wg exfdiated fragnenys qfoddilmss (toh dohgrendor heer waf er
surfaces are inferred to have |ess %a rou%s an the latter wafer
surfaces". wafer suniages G Fgice %hﬁel Eoéj’ 25y that when

‘Si and SIQ2 are..p t . i 5 unl ess at
| east the Si s?’ é‘aqs?targlqi&&g‘regg{geo%%sts?ea %e%ﬁftm% %%%%f%%&utr%é I npartation of
hydrophilicity. The present inventors, in their experinent

whi ch conprises pasting a Si wafer treated to acquire
hydr ophi | isgi t Y siivliagkySiopvaigy mavanmdesy Wi th an oxide 20 filmand

heat-treating the pasted wafers, have found that voids considered to
have originated in bubkligect of this invention is to provide a method
for the production of a pasted SOI substrate which
precludes the occurrence of voids even in the
peripheral part of pasted wafers and the SOOI substrate.
10 The method for the production of a pasted SOI
substrate of this invention comprises pasting a first
Si substrate possessing a SiO, surface and a second Si
substrate possessing a Si surface on the SiO, surface
and the Si surface, characterized by the Si surface of
15 the second substrate being vested with hydrophobicity
due to a washing treatment before the first substrate
and the second substrate are pastéd.
The SOI substrate of this invention is further
characterized by the presence of Si in the area
20 stretching to 2 mm from the peripheral edge of the
substrate and the absence of locally distributed voids
in the peripheral part of the substrate.
Now, this invention will be described below.
The excess water adsorbed to the wafer may be
25 cited as one of the causes for the occurrence of voids
in the interface of pasting. For the purpose of

diminishing such voids, therefore, it becomes necessary



occur at a high density in the peripheral part of the substrate (in
an annular area within about 3 Mm- 4 mm fromthe wafer edge)
‘(hereinafter referred to as 25 "per +pheral voids"). The group of voids
has t he possibility of decreasing the area available for the
formati on of devices and, at the sane tinme, suffering -

-4- the exfoliated fragnments of filnms to adhere to the

waf er surfaces and give rise to the probl em of hi nderi ng the process

of devi ce manut@ctrepeve properlyctRRprRISEPSUEVRTRENISERFe the An

object of this igvgnt%on Is to g{ggide a met hod for the production
of a pasted SCFY8%d EPFEEeNhi BA : precl udes the occurrence of voids
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0 _ _ € production of a paste substrate
of this inventLgn ¢RAR",588rP8At tRE 8id] 'Sirface, while the amount of

5 adsorbed water is not easily determined immediately
after the sample is extracted from purified water, it
nearly levels off several minutes to ten-odd minutes
after being spin dried. The inventors' experiment with
an APIMS device has confirmed this constant amount to

10 be in the approximate range of 0.8 - 1 x 10
molecules/cm?. It has been further found that this
amount varies with the temperature and the humidity of
an environment in which the washed wafers are left
standing but that it depends very little on the washing

15 method favoring hydrophobicity or hydrophilicity.

It has been also clarified that the amount of
adsorbed water-on the Si surface indeed depends on the
duration of the standing of the sample at rest after
the washing treatment but that it depends to a greater

20 extent on the method of washing. When a bare wafer is
immersed in HF (an agueous 1.5% hydrofluoric acid
solution), a hydrophobic washing liquid, thoroughly
rinsed with purified water, spin dried, and left
standing at rest for about 60 minutes, and then tested

25 for the amount of adsorbed water by the use of the
APIMS, for example, the amount is found to be about 6 %

10*3/cm?. When the same sample is washed with SC-2 (a 1



Si substrate possessing a SiJerr] surface and a second Si substrate
' possessing a Si surface on the Sigerr] surface and the Si surface,

- characterized by the Si surface of 15 -~ $6he second substrate bei ng vested
wi t h hydrophobicity due to a washing treatnent before the first
substrate and the second substrate are pasted. - The SO
substrate of this invention is further characterized by the presence
of Si in the area 20 ,Stretching to 2 mmfromthe peripheral edge of the
substrate and t hel abs@nB&XERTe s ﬁ?fldis‘tIzszEJthPX/roiﬁjé‘YdrOPhﬂiﬂrPthe

peri pheral part of_ the Is ipyvention wll be
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therefore, it b§ﬁ8”§%s@§&e§§fr¥he amount of adsorbed water by the use™ °-
y

to renove proper e adsorbed water before the
5 of the APIMS, the amount is found to be about 3 x
10 /cm?. It is inferred that this difference in the
amount of adsorbed water is still larger when the test
is made immediately after the spin drying.

When the control of the amount of adsorbed water

10 on the wafer surface is effected by the hydrophobic and
hydrophilic methods of washing the Si surface-~
‘containing side of the wafer, the conspicuous
difference is obtained with high repeatability. Though
the control may be attained by such other methods as

15 allowing the washed sample to stand at rest for a
prescribed time or giving the washed sample a positive
drying in a vacuum, for example, these methods do not
offer very high control because they after all rely on
the environment in which the pasting is made. Further,

20 the control on the SiO, surface-containing wafer side is
difficult because the area for control is narrow.

From the results of the studies described above,
it is inferred that the conditions for enabling the
pasting to proceed without entraining the occurrence in

25 the periphery of wafer of voids of millimeter size
considered to originate in the excessive amount of the

adsorbed water are (1) that the pasting should take



substrates are pasted. As respects the determ nation of the

anount of adsorbed water on the SiJerr] surface, while the anount
of 5 adsorbed water is not easily det@ w ned i medi ately after
the sanple is extracted frompurified water, it nearly | evels off
several mnutes to ten-odd m nutes after being spin dcied. The

I nvent ors' experinent mﬁth an API MS devi ce has confirned this
constant anount to be in the approxinmate range o 8 - 1 x 10[err]

nol ecul es/ cni erP}aC?t°ﬂa§hﬁe€ﬂmlf’ﬁ‘i‘?ﬁé?nf%ﬁn%1t%@ $iPs and (2) FaheWari es
with the tenperature and e hym , an _environnent in which the
washed waf ers af a?Ef?ﬁe 51° lé?a%%?%bgbﬁ?v?h%?d?fg%%%éﬁﬁ% Rydrophebie on
-the washing 15 t had f vorlng hydr ophobi city or hydrophilicity.

It has been a|s%eEP§$ ??eﬁ %ﬁa? 9the amount of adsorbed water on the

Si_surface indeed de@ﬁ8d§n98n£8§s have afi¥baLLea1 8 % the skadgingoof the

sanple at rest after he washing treatment but that 1t depends to a

greater 2§ AL 8Nt tRA éiﬂsuﬁetbﬁdtﬂé 4@sbrba wiber énbere gpfer is
i mersed in HF (an aqueous 1.5% hydrofluoric acid solution), a

hydr ophobi ¢ wassufgateqoad, béhoontgbl Yed exclusiveby Wyt thdunéthed oat er,
spin dried, and |eft _
washing. First concerning the hydrophilic washing for
which SC-1 (a mixture of NHOH : H,0, : H,0), H,S0, :
H,0,, HNO;, etc. are available in addition to SC-2, it
10 has been found that the amounts of these liquids which
remain in the adsorbed state become nearly equal after
the washed samples are finally rinsed with purified
water. Then, concerning the hydrophobic washing, it
has been found that even when the HF is used in a
15 varying concentration or when BHF (a buffered
hydrofluoric acid) solution is used instead, the
amounts of the liquids remaining in the adsorbed state
likewise become nearly equal. The results indicate
that intermediate values between the values obtained by
20 the hydrophobic treatment and thosé obtained by the
hydrophilic treatment are difficult to obtain.

In the pasting of a Si and a SiO, substrate, the.
relation between the various methods used for washing
and the peripheral voids or the voids, several um -

25 several hundred pm in diameter (hereinafter referred to
as "microvoids"), scattered in the wafer surface is

studied. When the two substrates are subjected to a



standing at rest for about 60 m nutes, and then tested 25 for the

anount of adsorbed water by the use of the API M5, for exanple, the
amount is found to be about 6 x 10[@r+¥]/cnferr]. Wen the sane
sanple is washed with SC-2 (a 1 o - 6-
1 5 mxture of HO : Herr]derr] : Herr]O, a hydrophilic _ _
washing liquid, thoroughly rinsed with purified water, spin dried,
| eft standing at rest for about,K 60 ninutes, and tested for the

amount of adsorBEF R BPaHinge thep pasjed hbeqliNgeated @ﬁtﬂﬂoh"!%
i frerence i n the-008"C. and AREGved 3} Barriamisson SHan he Gord fon 1 ne
oo or chs TR g A SR N B son, g T
e T e
differences i s afiedidiptbigdriirgrdiepRatalid aker M ¥hown in Fig. 5.
In contrast, when the two substrates are subjected to a
hydrophobic washing and then pressed against each other
in an effort to paste them, they will at times fail to
be pasted perfectly if either of the wafers happens to
10 be.exposed to streés. This failure may be logically
explained by a supposition that the Van der Waals force
is not sufficient because of the shortage of water on
the surface. They could be pasted if the stress on the
wafer was small and the surface was smooth. The
15 peripheral voids aré markedly decreased when the
conversion of a wafer on one side into a layer of a
small wall thickness is carried out after a heat
treatment at 800°C - 900°C. In this case, however,
microvoids inevitably occur at a density roughly
20 several times through ten-odd times the density
observed in the sample which undergoes a hydrophilic
treatment. This trouble again may be explained by
supposing that the Van der Waals force is not
sufficient. When the Van der Waals.férce is not
25 sufficient, the microgaps which arise in the interface
between the two substrates survive all attempts to

eliminate them and, consequently, the wafers having



the control may be attained by such other nethods as 15 all owi ng the

washed sanple to stand at rest for a prescribed tine or giving the
washed sanple a positive drying i-a @ vacuum for exanple, these

met hods do not of fer very high control because they after all rely
on the environnment in which the pasting is nmade. Further, 20 t he
control on the SiJerr] surface-containing wafer side is d:fficrlth
because the area for contrql is narrow. . . Fromthe results of the
st udi es descri 2 heat tregtaenty dneyd takdy EFmcSRditions for
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that the pasti
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the Si side shou have under gone t he hydrophobic nmet ho washi ng.
5 interface between the pasted substrates such stress as

gradually grows in proportion as the polished surface
approximates closely to the interface and that the
strain consequently generated concentrates on
incomplete points and gives rise to the microvoids.

10 The results of the tests described above, when
summarized, lead to the following conclusions: (1)
Concerning the amount of water adsorbed to the Si
surface, the intermediate value between the hydrophobic
treatment and the hydrophilic treatment is not easily

15 obtained. (2) A Si surface, when subjected to
hydrophobic washing and pasted with a Si0, surface,
produces markedly fewer voids than when the Si surface
is subjected to hydrophilic washing. (3) The two
substrates subjected to hydrophobic washing and pasted

20 have a weak Van der Waals force and tend to generate
microvoids as compared with those subjected to
hydrophilic washing.

As a result of a further étudy, it has been found
that the microgaps in the interface between the pasted

25 substrates are eliminated by heightening the
temperature of the heat treatment. This elimination is

logically explained by a supposition that the Sio,



fhe i nventors have also studied the extent to 5 whi ch the anpunt of

t he adsorbed water on the Si surface can be controll ed exclusively
by the method of washi ng. First comgectni ng the hydrophilic washing
for which SC-1 (a mxture of NHerr]OH: Herr]Jerr] : Herr]O,
Herr]Sqerr] : Herr]Qerr], HNJerr], etc. are available in
addition to SC-2, it 10 has been found that the anounts of these

| i qui ds-whi ch remain in the adsorbed state becone nearly equal after
t he washed sanpegdnsr &of isefltep eitndbe weme Fdmef that the aigater. Then,
concer ni ng the hydrophobi ¢ washing, it has been found that even when

the HF i s usedepikrapped in W&PyBﬁQSCPRSéHFr§P|Qﬁf5PsﬁhenIBHPa€abB&Pfered

~hydrof l uoric aci_d) solutlo IS e |nste nounts of the
|'i qui ds remai nPAFS FOuRe &G gra e a i FB#FCLe *BdBone nearly

equal . The res§L%§_m%%k§92¥ﬁ%uﬁy&Fb Icgpﬁegedla?etﬁ I%e% bet ween t he

val ues obt ai ne at men {fi8se obt ai ned by

t he hyd t In
the pasti ng of 4 % (?tsr%% g‘err u& Ir?%ﬁ% th% ﬂgh%bghllr'atlon bet ween
the various Wetcl%%@%m@%ecd a@ WMRFNIiRY this casdNd thBemBerbhbetal wiaids or the

voi ds, several [err]m- 25 several hundred pmin di aneter (herelnafter
referred to enlarge conversely because of the collection of the
excess water in the form of high-pressure gas in the
microgaps. The voids 500 which appear along the outer

10 peripheral part of the pasted wafer illustrated in Fig.
5 exactly the result of this enlargement. It is
inferred that these voids occur because the outer
peripheral part of wafer has a slightly larger
roughness than the central part thereof and because the

15 gas of excess water is not completely diffused through
the interface to the.exterior. Incidentally, when two
SiO, substrates are similarly pasted to each other, the
same result tend to occur unless the excess adsorbed
water is controlled.

20 From the results of the studies described above,
it is evident that the conditions for successfully
pasting two substrates without entraining the
occurrence of not only voids of millimeter size but
also microvoids are (1) that the pasting should take

25 place on the combination of Si and Si0,, (2) that at
least the Si side should have undergone the hydrophobic

method of washing, and (3) that the pasted substrates



as “mcrovoids"), scattered in the wafer surface is st udi ed. Wen
the two substrates are subjected to a

- 8- hydr ophi | i ¢ washi ng, then-ppsted, heat-treated at 800[err]C

- 1000[err]C, and observed by transm ssion with the aid of an
infrared canera, it is found that voids 500, 1 mm t hrough several mm
i n dianeter, inevitably occur al ong 5 the outer peripheral part of

waf er as shown in Fig. In contrast, when the two substrates are
subj ected to ashould th?ﬂrbphb@ﬁ@ tweatrad aﬁdatﬁ%mPQIGEBQG efanett each

ot her in an effort to gaste them they will at tines fail to

be pasted perfdewey thagi PREr
t This fail b ' iti

That the van der véévﬁs@%zwe%e 28eS8erl, hen FRRCPEnPAReRLORe of the |
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peri pher ak VO'qgmﬁé%a%ﬁ%%eqhbodecLegéédCW@eehéhaen51ty of microvoids

is higher in the samples which have undergone a

of the wafers happens to 10 be exposed to

hydrophobic washing than when those which have
undergone a hydrophilic washing. In both the two sets
of samples, the density of microvoids decreases in

10 accordance as the temperature of heat treatment rises.
Under the annealing conditions involving temperatures
in the range of 1000°C - 1100°C, the difference nearly
ceases to exist between the samples of hydrophilic
washing and those of hydrophobic washing.

15 Concerning the peripheral wvoids, however, the
samples of hydrophobic washing generate no peripheral
voids even at high temperatures, whereas those of
hydrophilic washing generate peripheral voids in a
range from low temperatures through high temperatures.

20 Incidentally, the peripheral voids, unlike the
microvoids, do not have their density notably changed
(in spite of a slight change in void diameter) by the
temperature of heat treatment.

In the formation of devices on a semiconductor

25 substrate, how closely to the peripheral part of the

substrate these devices are derived in high yield from

the substrate constitutes itself an important factor in



conversion of a wafer on one side into a | ayer of a smal | wal |

thickness is carried out after a heat treatnent at 800[err]C -
900[err]C. In this case, however, - L2 erovoids inevitably occur at a
density roughly 20 several tinmes through ten-odd tines the density
observed in the sanpl e which undergoes a hydrophilic -treatnent. This
troubl e agai n may be expl ai ned by supposi ng that the Van der Waal s
force is not sufficient. Wien the Van der \Waal s f%{ce | not 25
sufficient, tHETRT VYRS Whi FherSe § Stf?Féa?%t"@Ff"gb ormed, {¥yeen t he
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5 peripheral voids which is ascribable to the roughness
of the periphery of a wafer and the entrapment of water
(steam) in that area. The peripheral voids generally
occur outside a distance of 5 mm from the peripheral
part, though this distance is affected by the

10 conditions of annealing, the magnitude of roughness of
the wafer, etc. The area sustaining the peripheral
voids, therefore, do not allow formation of devices.
Part of the trade advocates a practice of completely
removing the peripheral void area of the film itself by

15 photolithographically etching this area before the film
is subjected to a process for the formation of devices.

There are times when the formation of devices is

not attainable within a distance of about 5 mm from the
peripheral edge in spite of the absence of occurrence

20 of peripheral voids.

In the conversion of a wafer into a thin film by

polishing, for example, the so-called "film sagging", a
phenomenon that the film becomes extremely thin in the
peripheral part, inevitably occurs because the

25 polishing rate is larger in the peripheral part of the
film than in the central part. Though this problem

belongs largely to the performance of the polishing



gradually grows in proportion as the polished surface appr oxi mat es
closely to the interface and that the strain consequently generated
concentrates on i nconpl ete points gad._gives rise to the m crovoids.
10 The results of the tests described above, when

sumari zed, lead to the follow ng conclusions: (1) Cancerning the
anount of water adsorbed to the Si surface, the internedi ate val ue
bet ween t he hydrophobic treatment and the hydrophilic treatnent is
not easily 15 appastatusdeing nsedy dit dagsmhawt mlgutglé@we@emfeé:t
hydr ophobi ¢ washi ng and pasted wth a SiJerr] surface, produces
mgr kegl y fewer SREWHsan W vaier ghigh fifcset in plagces gy ddweed to
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washi ng and pa ! _ _ (
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been found,  opeitdialod heqd Csfdﬂb%;ﬂ?%e:%]etéae.dﬂl H e RTRIegddigdast ed

25 substrates are eli'mnate _ i ghteni ng _ nperature of
the heat treat EatiVd St@HHE BH11¥hiny pad vardied 3 ltheHamdiaad by a

supposition that the SiJerr]

i part and the peripheral part of the wafer surface. In
respect exclusively of the rotational motion of the
wafer, the sliding speed of the wafer relative to the

10 polishing pad is naturally smaller in the part close to
the center than in the outer peripheral part. The
difference in the sliding speed results not only in a
difference in the amount of sliding motion but also in
a difference in the amount of heat to be generated.

15 The amount of the heat thus generated further gives
birth to a difference in the polishing rate and
aggravates the polishing thickness distribution (film
sagging).

The pasted SOI wafer which suffers Si to survive

20 within a distance of 2 mm from the periphery and yet
allows the Si surviving peripheral area to manifest
characteristic properties favorably comparable with
those in the central part regarding the manufacture of
devices is.not easily manufactured..

25 The problems described above must be overcome for
the purpose of obtaining a SOI thin film which is

tightly pasted as far as the distance of 2 mm from the



- 10 - begins to soften at the sanme tine that the air

entrapped in the gaps begins to diffuse. It has been al so found that
the tenperature at which this phenomenen occurs is about 900[err]C

If the two 5 substrat es whi ch have undergone the hydrophilic

treatnment are used in this case, the mcrovoids wll .enl arge
conversely because of the collection of the excess ma&zr Ln the form
of high-pressure gas in crog The voi ds 500 i ch_appear
alonggthg outePergBherﬁerlBHEFEFYpaFPeoPaFEén%a§?%H haferrriedsevhted in

hi f d
[hai these voi B CBRBYr CHEERROEND,En, PEpuErentd ] rmm?r%rﬁ%@siﬂgf et
' t t hereof an
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the interface gp Eﬁﬁaﬁxéﬂ)' %ubé%f@rl%}?léa}hs ‘quréé Wast the gid err]

substrates are sim pasted to each ot her
5 substrate to be given a hydrophobic washing treatment

and then to be heat-treated at a temperature of not
lower than 900°C. Secondly, the finishing step in the
manufacture of a SOI wafer must be effected by
selective etching capable of high selectivity ratio or

10 local plasma etching instead of polishing. By
combining these procedures, the SO0I wafer in which the
Si film survives in a state allowing formation of
devices as far as a distance of 2 mm from the periphery
can be produced.

15 By further performing the heat treatment on the
two pasted substrates in an oxidizing atmosphere, the
tightly joined part is allowed to expand in the
peripheral part and the SOI wafer in which the Si film
survives as far as 1 mm or even less than 1 mm from the

20 periphery can be produced. An oxidation to be
performed subsequently to the heat treatment brings
about the same result as the use of the oxidizing
atmosphere in the heat treatment.

According to this invention, by pasting a

25 hydrophobic Si substrate and a SiO, surface, the bubbles

(voids) which are liable to occur particularly in the

most peripheral part of the wafer can be repressed, the



same result tend to occur unless the excess adsorbed water is
controlled. 20 Fromthe results of the studies described above,

it is evident that the conditions for sucagssfully pasting two
substrates w thout entraining the occurrence of not only voids of
mllinmeter size but al so mcrovoids are (1) that the _pasting should
take 25 pl ace on the conbination of Si and SidJerr], (2) that at

| east the Si- side should have undergone the hydrophobic met hod of
washi ng, and (ZFeeh&f ithe pesteperipberalepart available fE:r §]hgul d then be
heat-treated at a tenperature of .not | gwer than 900[err]C. _
To be nore spe&Eufa e dg§viges §o@ be fidened, dhespumber Sfe past ed
-and then annealed ,at a nQE{ature éﬁoo err,J]C - 80Q[err].O, the

density of mi cPEVOIGE dé?gvaﬁig ﬁFIeer *n SRE SERp &s TRFTERSRIy e 2fder gone
- a hydro %%b iﬁ A QJ £ Q:hteh ?JQ‘O%% itopxo %%nV\I%IeC r:}.mg%\cl)%ed .
5

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A, 1B, 1C and 1D are model cross sections
illustrating one embodiment of the method of this
invention for the formation of a pasted SOI substrate

10 and first and second working examples thereof.

Figs. 2A, 2B, 2C, 2D and 2E are model cross
sections illustrating another embodiment of the method
of this invention for the formation of a pasted SOI
substrate and third working example thereof.

15 Figs. 3A, 3B, 3C and 3D are model cross sections
illustrating yet another embodiment of the method of
this invention for the formation of a pasted SOI
substrate and fourth working example thereof.

Figs. 4A and 4B are cross sections illustrating

20 the construction of an apparatus for production to be
used in the method of this invention for the production
of a pasted SOI substrate.

Fig. 5 is a diagram illustrating the image of
voids locally present in the wafer periphery which

25 frequently occur in the conventional pasted substrates.



undergone a hydrophilic washing. In both the two sets of sanpl es,
the density of mcrovoids decreases in 10 accordance as the tenperature
of heat treatnent rises. Under theignhreal ing conditions involving

t enper at ures in the range of 1000[err]C - 1100[err]C, the difference
nearly ceases to exist between the sanples of hydrophilic

washi ng and those of hydrophobi c washing. 15 Concerni ng the

peri pheral voids, however, the sa%gles of hydrophobi ¢ washi ng
generate no perAEIfg4P DESCRIRTHQR OF, J¥ tPRﬁFﬁptﬁérmT%er eas

t hose of hydr gphi | i shi nqg .generate peripheral voids in a

[ﬁnge f.rorrP I OYV tenp L?;reég‘q\%ﬁijg}ﬁ“% d‘ﬁ’vlteé‘r?ﬂ'&nafoﬁredé:%e f?r:atﬁri&h@ént ally,
.the peripheral \oi unl.i ke the . m. ¢rLQvoids, .do nqt . hav eir
density not abl f%%?&fubs rate i Lhii% °6’fg°1&“§‘f3’ﬁ1°8’h§’r+&£’ i g

di aneter) by the .. t.e r.af ur. at,_ 1 eat . I n the
formation of dg:vol cFel Hn lzf sqéﬁil?dncﬁg%r I&%Zé-'o Z%UH@?’%& g,A ﬁgwsgl oasnéil y to

the peripheral mpard ofa thes 4s. substrate these devices are derived in
high yield from ™ the substrate constitutes itself an inportant factor

in [Fig. 1A] First, a first Si substrate 101 having

a surface of Sioz'(in the diagram, 102 represents a SiO,
layer) and a second Si substrate 110 having a surface
of Si are prepared. As the simplest system of the

10 first Si substrate 101, a Si substrate having an
oxidized surface may be exemplified. Another possible
system thereof may be a Si substrate having SioO,
deposited on the surface thereof as by CVD or a
multilayer structure having not a Si substrate but a Si

15 layer incorporated therein. Aé a concrete example of
this system, what is obtained by rendering porous the
surface or the entire mass of a Si substrate,
epitaxially growing a Si single crystal thin film on
the porous texture of the Si substrate, and further

20 oxidizing the surface of the Si single crystal thin
film may be exemplified. As other concrete examples of
the system, what is obtained by epitaxially growing a
Si single crystal thin film on a sapphire substrate and
further oxidizing the surface of the thin film and what

25 is obtained by oxidizing the surface of a
heteroepitaxial substrate or superposing SiO, on the

surface thereof as by CVD may be cited.



- 12 - terms of cost. The SO substrate which is formed by

- the pasting nethod, however, has the problemthat the Si filmtends
to shed off the peripheral part thereof.- 17 - One of the causes for this
problemis the occurrence of 5 peri pheral voids which is ascribable to
t he roughness of the periphery of a wafer and the entrapnment of water
(steam) in that area. The peripheral voids generally occur outside a

di stance of 5 mmfromthe peripheral part, though this_distance is
affected by the 10 Th%oﬁ%‘?‘?’?%ré’- oFURFERFE nbt 0 (MY Ry fenfilened Afghness

of the wafer, .etc he area sustaini.ng the perjpheral voi ds,
therefore, do n eaﬂ%ﬁ?f%? n%‘l?l?%ﬁr%?e d@i‘/’r%l'ég'.‘as nd é’Fggﬂr tsu('?]faf’ﬁebf‘ftag‘é‘s
-advocates a pragctice letely renovi ng the peripheral void area
of the fiIn1it2%l$£b§8£i%8gpphotolithographically etching this area before

the film | S SHPLEC! 8 { Ol OGS Sed ind N TAUBLANLE OB es:

There are times when the fornmation of devices Is . not atta!n :
within a dstangge 0fi ab@ttade hdF &b Fdhdered BRIFHIRSEc £d0thd ek te of

t he absence of occurrence .

popular method that is used for rendering the Si
surface hydrophobic consists in immersing the surface
in a hydrofluoric acid type washing liquid. At this
time, the first Si substrate 101 having a SiO, surface

10 may be given either a hydrophobic treatment or a
hydrophilic treatment. The reason for this
indifference as to the kind of treatment is that the
Si0, surface produces virtually no difference in the
amount of adsorbed water in the treatment solely

15 consisting in immersion in a solution as already
pointed out.

Then, these two substrates are pasted each other
surfaces and the pasted substrates afe subsequently
heat-treated at a temperature of not lower than 900°C.

20 Though the duration of the heat-treatment is arbitrary,
it is several hours at temperatures in the neighborhood
of 900°C and several minutes through some tens of
minutes at 1200°C.

[Fig. 1C] The resultant integrated substrate is

25 thinned from either of the opposite sides thereof
eventually to produce a construction having a Si layer

103 remaining on the Si0, (the diagram of Fig. 1C



20 of peri pheral voids. In the conversion of a wafer into a

thin filmby polishing, for exanple, the so-called "filmsagging", a
‘phenonenon that the filmbeconmes extremreldthin in the peri pher al
part, inevitably occurs because the 25 polishing rate is larger in the
peri pheral part of the filmthan in the central part. Though this
pr obl em bel ongs largely to the performance of the polishing

- 13 - apparatus being used, it does not easily allow perfect

sol ution. The $ePiPtingca ¢asqepf| hhpnnieg ghhe nelrst subsgitratd Kl hppar at us

i's generall ol i shed by bein I nul t aneous rotated and revol ved.
Dur?ng thisy pghe EB%?%g?ﬁﬁ,oghEh§I$ﬁii@y§5e%ﬁ ﬂﬁ?%ﬁr?ﬂ%'ma ¥ produces

oo oA T 6 B hgagre, L

peri pheral parf® er surtace. exel u of the

rotational motion pioL8%y aividedPifito LRE M&iHbA%yPSEH ShihGean@l er
relative to the :

5 the method by etching. By either of these methods, the
thinning is effected efficiently when the greater part
of the wall to be removed is ground out. Fig. 1D
depicts a case of thinning the second Si substrate 110
and allowing the Si layer 111 to remain.

10 The polishing method and the etching method have
their own merits and demerits. For the manufacture of
an extremely thin SOI layer, the selective etching
technique can be utilized. The etching method which
permits easy control of the film thickness is

15 considered to be slightly advantageous over the
polishing method. As one version of the selective
etching method, the method for forming a SOOI substrate
using porous silicon will be described below with
reference to Figs. 2A to 2E and Figs. 3A té 3D.

20 [Fig. 2A] First, a porous Si layer 202 is formed
by subjecting a single crystal Si substrate 201 to
anodic formation. The thickness of the porous texture
to be formed in this case may be several pm through
some tens of uym in the surface layer on either side of

25 the substrate. The anodic formation, when necessary,
may be effected throughout the entire volume of the

substrate. The method for the formation of the porous



10 polishing pad is naturally smaller in the part close to : t he
center than in the outer peripheral part. The difference in the
sliding speed results not only in a - 19d+fference in the anount of
sliding notion but also in a difference in the amount of heat to be
generated. 15 The amount of the heat thus generated further gives

birth to a difference in the polishing rate and aggr avat es the
pol i shing thickness

pasted SO waf 8 %ﬁ?g%$gﬁhﬁukgogﬁgFﬁlgéﬁvW§§h fﬁggrﬁﬂ%ﬁlﬁo Fﬂ?§taﬁ%e or 2

f h h d he _Si
Trea Co i foend 4B “HILKE. o p typB RAAR Fr¥SFRUGEArPUBRERRERLYI o with
those in the cip&rahlaa5g ggggggbagaghﬁ gg %?g%gre RL devices is

not easily manufactured descrlbeﬁpabove nmust be
overcone for oquivaiBatPYEPase afmeab%m nﬂfatﬁg eahwaiéhm Y8i GBelis

tightly pasted as far as the distance of 2 mm fromt
- 14 - 5 then it will be either limited to low re51stance or

exposed to a radiation capable of promoting formation
of holes in the surface. The substrate 401 is set in
place in an apparatus constructed as illustrated in
Fig. 4A. Specifically, one side of the substrate

10 contacts a hydrofluoric acid type solution 404, a
negative electrode 406 is disposed on the solution
side, and a positive metallic electrode 405 contacts
the opposite side of the substrate 401. As illustrated
in Fig. 4B, a positive electrode side 405' may be

15 endowed with a potential through the medium of a
solution 404'. In either of the setups mentioned
above, the formation of a porous texture is initiated
on the negative electrode side which is in contact with
the hydrofluoric acid type solution. Generally

20 concentrated hydrofluoric acid (49% HF) is used as the
hydrofluoric acid type solution 404. When the
concentrated hydrofluoric acid is gradually diluted
with purified water, the acid diluted to a certain
concentration induces an objectionable etching action,

25 though depending on the magnitude of an electric
current to be passed. During the anodic formation, the

surface of the substrate 401 inevitably emits bubbles.



'periphery. Firstly, the pasting nust be carried out wi t hout

entrai ning the occurrence of peripheral voids. This condition can be
acconplished in the pasting of a -Skoand a SiJerr] substrate by
causing at |east the Si 5 substrate to be given a hydrophobi c washi ng
t reat ment and then to be heat-treated at a tenperatuce of not

| ower than 900[err]C. Secondly, the finishing step in the
manuf acture of _a SO wafer nust be effected b ) sel ectjve etching
capabl e of higﬁ°§eF€€tPVFP?SFaPFoegﬁlciﬁntlyléEEPVbPSsﬁBeePEHPﬁESingPead of
polishing. By conbi ni ng .t hese procedures,  the SO wafer in which
t he Si.P}PRPQ&rWPVe eiﬁggegtafe aFFBgPﬁ a?BrnaPFoﬁOB?re%e devi ces
.as far as a distan ie%fﬁ% @Hbf%?gbhpi Bgéhpg?%gctively ﬁggegg produced. 15
n ment on €

By further pengPm ng tnhe heat frea _ Wo "paSt ed
substrates in ﬁ@gﬁ?hﬁf{lﬁé@@hﬁhg%pB%BBanBEIe and isobk?ﬁ%hélol phpegepart is

al  oned to expan : péri pheral part and waf er in which
the Si fikm citedSUr th¥esads offasdhgl tRB SarédeBah€sSat Bedrtepmbyom t he

20 peri phery can be produced. An oxidation to be per f or med
subsequent |y t bet beiheakdt teasnant thel 8g3ution while the anodic

formation is in process. The negative electrode 406 is
made of such a material as gold (Au) or platinum (Pt)
which is incapable of being corroded by the

10 hydrofluoric acid solution. The positive electrode 405
may be made of any of metallic materials which are
commonly used for anodes. The surface of the positive
electrode 405 is preferably coated with a metallic film
resistant to the hydrofluoric acid solution because the

15 hydrofluoric acid solution 304 reaches the positive
electrode 405 by the time that the entire wvolume of the
substrate 401 had undergone the anodic formation. The
magnitude of the electric current to be used for
performing the anodic formation is some hundreds of

20 mA/cm? at the_maximum and may assume any value other
than 0 as the minimum. This magnitude is set within a
range in which perfect epitaxial growth is attained on
the surface of a porous Si layer. Generally, the speed
of the anodic formation increases and the density of

25 the porous Si layer decreases in accordance as the
magnitude of the electric current increases. The

volume occupied by the pores proportionately increases.



k]

about the sane result as the use of the oxidizing at nosphere in the

heat ' tr eat nent . According to this invention, by pasting a 25
hydrophobic Si substrate and a Sierr] sugfiaee, the bubbles (voi ds)
which are liable to occur particularly in the nost peri pheral part
of the wafer can be repressed, the . -
15 - area of the nost peripheral part ava}lable fo& the
manuf act ure of devi ces_can be w dened, the nunmber o .devi ces
derivabl e from t saW@&“EﬁhVEEQ%ﬁCFB&SEHPdéﬁaonS for the gpdtaxdplt he
production can he inproved. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figs. 1A 1B, 1E8*8¥™1D are nodel cross sections il lustrating one

e S porear - 22sil o she pobBUETULgR! Spnt £ TR coyEh 2,
Figs. 2A, 2B, 2Gg dRs2?dpela abeveDJdal nbhPefous single crystal si layer
5 203 is epitaxially grown. The epitaxial growth is
effected by the thermal CVD, reduced-pressure CVD,
plasma CVD, molecular-beam epitaxy, and sputtering
method which are in common use. The thickness of the
epitaxially grown film properly is equal to the design
10 value of the thickness of the active layer.

[Fig. ZC] The first Si substrate is completed by
oxidizing (the reference numeral 204 denoting a SiO,
film) the surface of the epitaxial layer 203 of the
substrate obtained by the method described above. A

15 separately prepared Si substrate 210 constitutes itself
the second Si substrate.

The thickness of the Si0, film of the first Si
substrate 201 is arbitrary and is only required to
equai the thickness of a buried SiO, layer to be

20 designed. |

[Fig. 2D] The first substrate 201 mentioned above
and the second substrate 210 destined to serve as a
support substrate are washed and then pasted together.
The method for this washing has only to conform to the

25 standard procedure which is followed in washing a
semiconductor substrate (before the step of oxidation,

for example) with necessary modifications. It must use



sections il lustrating anot her enbodi nent of the nmethod of this

I nvention for the formation of a pasted SO substrate and third
wor ki ng exanpl e thereof. 15 Fi gs.238A; 3B, 3C and 3D are node
Cross sections illustrating yet another enbodi nent of the method of
this invention for the formati on of a pasted SO substrate and
fourth worki ng exanpl e thereof. Figs. 4A and 4B are cross
"sections illustrating 20 the caonstruction of ap apparatus for

production to bat the fipalystep;fE WRERHRTCR YATRING LML WRiCRne

ducti . f t ed, SO, b . , Fig. 5.1
g{ggrgniﬁrlustréTP%ﬁtghggaﬁéﬂag% cg%ys%gaéﬁ?dgll%%Ef?ﬁebre%gh V%é?ﬁ%gmafer
. i ph whi ch,.25. . . in:th i | ted
peripnery Wi ehi431a 1E" §OHGALL¥1068E LBik eybnugbtegl pasted
DESCRI PTI ON OF EEE?BQEEEB@P f@(gc@ﬂ@w ﬁubstrate whicHBag®ehhgdoof this

i nvention for t ormation o the SO substrate will be outlined
bel ow Wi t hgr ef exgP€8ce it not always required to be finally washed
with the hydrofluoric acid type solution.

Then, the integrated substrate obtained by pasting-
as described above is heat-treated. The temperature of
this heat treatment is preferred to be as high as

10 possible. If it is unduly high, however, the porous
layer 202 will induce a structural change or the
impurity contained in the substrate will undergo
diffusion in the epitaxial layer. Thus, the
temperature and the duration of the heat treatment are

15 selected so as to preclude such unwanted phenomena.
Specifically, the temperature is proper in the
approximate range of 900°C - 1100°C.

[Fig. 2E] Subsequently, the Si substrate part 201
and the porous part 202 are selectively removed and the

20 epitaxially grown layer 203 of the first substrate is
left behind. First, the Si substrate part 201 is
ground with a surface grinder or removed with an alkali
solution such as, for example, potassium hydroxide or
aqua ammonia or with an organic alkali solution such

25 as, for example, TMAH. By the etching, the removal is
effectively attained in a hot solution having a

temperature of not lower than 80°C. The polishing or



to Figs. 1Ato 1D, Figs. 2Ato 2E, Figs. 3A to 3D and 5 Fi gs. 4A and
4B. - [Fig. 1A] First, a first Si substrate 101 having a
surface of SiJerr] (in the diagram 102 28presents a Sierr]

| ayer) and a second Si substrate 110 having a surface of Si are
prepared. As the sinplest systemof the 10 first Si substrate 101, a S
substrate having an oxi di zed surface may be exenplified. Another

possi bl e : t her.eof nm Si substra havi n rr

ﬂep_osi tedton tsﬁé’gs/b tr“?@é’ﬁﬁ'esré:@fr“é?ag’?%°3ﬁ's&°n 4 aﬂ:ult ) tdg‘F struc;gre
aving not a Si r at corpor at e erein a
concrete exarrplté1 Lil:f Stthe r%tkﬁﬁs g’agjfst em \ﬁngs% talT%‘gdeB? OF&Rder i ng

-porous the t| | r

epitaxially gr AT ng a %ets%?zlt re')Lescgyést a th| ﬁ’ %Rﬁc?’ﬁe(?nb%%te %E%e poraous
texture of the nélxew%%mﬁtl%n "i‘ﬁdhfy‘&'rUﬂ'hor%Q: aci®fadiueiolS %;arggekace of
the Si single crystal thin | m may be exenplified. of her
concrete exanplsdfide solutiftm $>)tSTaemal\kiaa.t1 isdleifiannedByy epitaxially
growi ng a Si single crystal thin filmon a sapphire substrate and

further oxidi ziappxdpeistelac eopftridid ing rthiel lconsettaadiion?of thes obt ai ned
by oxidi zing the surface of a

etching liquid, the selectivity ratio of etching
between the porous Si layer and the single crystal Si
layer can be increased to the approximate maximum of

10 100,000 : 1. As concerns the liquid concentration, the
hydrofluoric acid concentration in the hydrofluoric
acid type solution is in the approximate range of
several % to several ppm, preferably 0.1% to 10 ppm.
As concrete examples of the alkali, ammonia, TMAH

15 (tetramethyl ammonium hydroxide), and ethylene diamine
may be cited. The etching with the alkali is preferred
to be carfied out with the same liquid concentration as
in the hydrofluoric acid type solution. For the
purpose of enabling the etching liquid to permeate

20 efficiently into the pores of the porous 1ayer,.
promoting the etching action, and ensuring uniform
progress of the etching action, it is advantageous to
.use an ultrasonic washing device.

Figs. 3A to 3D illustrate another modes of

25 effecting the method for selective etching with a

porous Si layer. Fig. 3A depicts the first substrate

of this invention which has an oxide film 304 formed on



Hetefoepitaxial substrate or superposing SiJerr] on the surface
thereof as by CVvD nmay be cited.

the first S

surf ace.
surface thereof rendered hydrophobic. The npst popul ar

thod that i f ipg the. Si face_hydr ophopi ¢,
Consists i | mbrel MOERE-REAIE | IS 9% TeRpRRR L i SR eh

the Si

washing liquid
Si 2 surface

The second Si substrate 124 may be considered as

[Fig. 1B] Then, the second Si substrate.110 has

1@1%5%% ye b%f thié | : Y%%?foé | ﬁé\;u% 0% :Jé)&%cgt?st f%jég.%a}g%y ;ng

grven e a hydro rea

hydrophilic tregbitila dNfoksssals 81 18ysr 303 on! Ol IdL1ANGEASLO LD

kind of treatnent is that t

surface produces virt y ho

difference in t481 obtainddOEpltef tRESOELSbIaEES. i 2B tderdd@pt nent sol e

consisting in imrersion in a solution as already

15
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10

15

20

25

explained. The nonporous Si layer 303 is formed by
epitaxial growth on the porous Si layer 302. 1In the
modes described with reference to Figs. 2A to 2E, the
epitaxially grown substrate is the first Si substrate
and the Si substrate is the second Si substrate. In
the modes of Figs. 3A to 3D, they are reversed.

Then, the second Si substrate is washed with a
hydrofluoric acid type solution so that the Si surface
thereof to be used for pasting will acquire

hydrophobicity. Thereafter, the Si0, surface 304 of the

first Si substrate 310 and the Si surface 303 of the

second Si substrate 301 are pasted together as
illustrated in Fig. 3C to obtain such a SOI substrate
as is illustrated in Fig. 3D by adopting the same
procedure as explained with reference to Figs. 2A to
2E.

Now, working examples of this invention will be
described below.
Example 1:

The first example of this invention will be
described below with reference to Figs. 1A to 1D.

[Fig. 1A] Two 5-inch P type single crystal Si

substrates (10 Qcm - 20 Qcm) having a thickness of

-17

substrate which has no SiJerr] surface but has a Si

5

a

e

Iy



poi nt ed out. Then, these two substrates are pasted each ot her
surfaces and the pasted substrates are subsequently heat -treat ed at
a tenperature of not |ower than 900[err}C2s 20 Though the duration of
the heat-treatnment is arbitrary, it is several hours at tenperatures
i n the nei ghbor hood of 900[err]C and several m nutes .through sone
tens of m nutes at 1200C. [Fig. 1C] The resultant

i ntegrated substrate is 25 thinned fromeither of the opposite sides

t her eof 627 Wiy HaTe RFepad@tice FheoREERCE 6% RRE A§ AhSi tWayer

103 i ni the Si xz i of Fi 1 .

.Thlsif:m:(m " %‘t@ﬁﬁ%ﬁ%l %Q?r]eaéé_ %@wgtﬁmg%%:shﬁmgpzsgﬁs?&te 10,

: e | CKNess . e | Javer ., l.s,.arpltr . e netLnqQas .aval.,l a e or
T oo he®; Sitagin), fle rrstdiels' GH Y sTHG.  ane, FRA%Ra"KR0e0) P |

?%epol ishing ands Ysed e P P%CENATateP  0F' RY +Bb LRSS LeHACJS,

5 which was left unprocessed as a second Si substrate
110.

[Fig. 1B] The two substrates 101 and 110 were
washed with a NHJH{ : H,0, : H,O0 solution, rinsed with
purified water, then washed with a HF : H,0 solution

10 (1.5%), rinsed, spin dried, and pasted together. The
pasted substrates were heat-treated at 1050°C for two
hours.

[Fig. 1C] The substrate 101 was ground from the
first Si substrate 101 side to a depth of 6;5 pm by the

15 use of a surface grinder. It was subsequently ground
to mirror finish with colloidal silica abrasive until
the Si film 101 remained in a thickness of 2 um on the.
Si oxide film 102, to obtain a SOI wafer.

Microvoids which inevitably occurred in this SOI

20 wafer had diameters in the approximate range of 0.5
pm - 10 pm and a density of about 0.1 piece/cm?. A
comparative sample produced at the same time, with the
washing prior to the pasting discontinued at the step
using the NH,OH : H,0, : H,0 solution (the silicon

25 surface rendered hydrophilic), was on a par with the
sample of the working example in terms of microvoids

but had large voids, several mm in diameter, formed



thinning is effected efficiently when the greater part of the wall to
be renoved is ground out. Fig. 1D depicts a case of thinning the
second Si substrate 110 and all owng6the Si |layer 111 to remain. 10
The polishing nmethod and the etching nethod have their own nerits
and denerits. For the manufacture of an extrenely thin SO |ayer,
the selective etching techni que can be utilized. The etching nethod
which - permts easy control of the filmthickness is 15 consi dered
to be sI|ghtlycﬁuVaﬁﬂﬁﬁéﬁd%16Vé¥l@W@U1ar pafieraning the: REFiPReTEhe version
of the selectlve etchlqgﬁnetho the met hod for formng a SO
substrate Fiion be described below with

reference to F| (o] 2E and Fi gs. 3A to 3D. 20 [Fig. 2A

First, a porou Eﬁﬁy * 202 is formed by subjecting a single crystal

Si substrate 201 tOTfhor éﬁlhn twl%s é.?téx%r&,pl'ghgft %qlgng_ﬁgegttlmewgquous

texture to be se may be several [err]mthrough

sone tens of pRPd HdRGiHEd I WP AL FeFidrid®lces itde Falys .22A tohapsubstrate.
The anodi ¢ formati on, when necessary, may be ef ected t hr oughout the

entire vol une of thqmg 1ubgtwaa tSs-1 nbBre Praiviped sfioiglieherfyetandt isin of t he
POTOtS. substrates (10 Qcm - 20 Qcm) having a thickness of 625

pm were prepared. The surface of one of the two

substrate was oxidized (oxidized film 102 in the

10 diagram) in a thickness of 0.5 um. The oxidized side
was used as a first Si substrate 101 and the other side
which was left unprocessed as a second Si substrate
110.

[Fig. 1B] The two substrates 101 and 110 were

15 washed with a NHOH : H,0, : H,O0 solution, rinsed with
purified water, then washed with a HF : H,0 solution
(1.5%), rinsed, spin dried, and pasted together. The
pasted substrates were heat-treated at 1200°C for 10
minutes.

20 [Fig. 1D] The substrate 110 was ground from the
second Si substrate side to a depth of 615 pm by the
use of a surface grinder. It was subsequently ground
to mirror finish with colloidal silica abrasive until
the Si film 101 remained in a thickness of 2 um on the

25 Si oxide film 102, to obtain a SOI wafer.

Microvoids which inevitably occurred in this SOI

wafer had diameters in the approximate range of



- 19 - Si layer will be described with reference to Figs. 4A

and 4B. First, a P type single crystal Si substrate 401 w Il be
prepared as a substrate. An N type - 22quivalent is not unusable. |f

t he equivalent is used, 5 thenit will be either linmted to |ow _
resi stance or exposed to a radiation capable of promting formation
of holes in the surface. The substrate 401 is set in pLacelin an
apparatus constructed ag illustrated in Fig. 4A. Specifically, one
nge of the suBsPrdfe- domm Eﬁﬂt%c@%nﬁ?ﬁ$d?5f?ﬂ%?€c°aki31?9%é3§%lu#ﬁon 404,

) s di q h Luti . i de.
21 a post P veSHEPRFRELYS| SRPPERCDHY 3%%%?35}2&% fajg %%tggp%@t%héididof
' . ' . . a.positive el ectrode
Sde 405 |y teemiS bEids L8 e pastipd i fontfunda TR e R R of o
sol ution 404'-uéﬂn@h&ﬂ&rNﬁﬁniQ?rﬁétUP§16§§bhﬁ%§€n (the SQEQEBn the

formation of a porous textlre is?hitiat
5 surface rendered hydrophilic), was on a par with the

sample of the working example in terms of microvoids
but had voids, though averaging in reduced diameters of
several hundreds of um as compared with the comparative
sample of Example 1, remaining in an annular pattern

10 just the same.
Example 3:

[Fig. 2A] A 5-inch single crystal P type Si
substrate (0.01 Qcm - 0.02 Qcm) 201 having a thickness
of 625 pym was prepared, set in place in such an

15 apparatus as illustrated in Fig. 4A, and subjected to
anodic formation to have the surface of the Si
substrate 201 converted into a porous Si layer 202 in a
thickness of 20 um. ¥For the anodic formation, a 49% HF
solution was used as the solution 304 and the cﬁrrent

20 density was set at 1 mA/cm?. The formation of the
porous texture proceeded at a raté of about 1 um/minute
and the porous layer, ZO_um in thickness, was obtained
in about 20 minutes.

[Fig. 2B] On the porous Si layer 202 mentioned

25 above, a single crystal Si layer 203 was epitaxially
grown to a thickness of 0.25 um by the CVD method. The

conditions for the deposition of this layer were as



N

on the negative electrode side which is in contact with t he

hydrofl uoric acid type solution. Generally 20 concentrated hydrofluoric
acid (49% HF) is used as the hyd+o28 ueri c acid type sol ution 404.
When t he concentrated hydrofluoric acid is gradually diluted

with purified water, the acid diluted to a certain coencentration

I nduces an obj ectionable etching action, 25 t hough dependi ng on the
“magni tude of  an electric current to be passed. During the anodic

formation, thefollowSgyrface of the substrate 401 inevitably enits bubbl es.
- 20 - For .t he purpose of effigiently renoving the bubbles, an
al cohol may be addeglﬁg Sgsggﬁagfgﬁf. %%ﬁﬂgﬂcrete exanpl es of the

-al cohol used effect%&gbyvgﬁpggnoflﬂgféadagFgaggb,(?zggﬂgl, propanol , and

| sopropanol may be Si ng e strfactant, a stirrer

may be utilizedobeathirk:t hgspeLution while the anodic
formation is in process. The negative electrode 406 is

5 Pressure: 80 Torrs

Rate of growth: 0.12 um/min

[Fig. 2C] The substrate 201 manufactured by the
method described above was treated in an atmosphere of
steam at 900°C to obtain an oxide f£ilm 204, 0.1 pm in

10 thickness.

[Fig. 2D] The substrate having formed an oxidized
surface as mentioned above was used as the first Si
substrate and a 5-inch P type Si substrate (10 Qcm - 20
Qcm) prepared in advance was used as the second Si

15 substrate. These two substrates were washed with a
system using acid and ammonia, finally washed with a
dilute hydrofluoric acid solution (1.5%), rinsed with
purified water, spin dried, and pasted together on the
obverse surfaces thereof. The pasted substrates were

20 heat-treated at 1100°C for two hours.

[Fig. 2E] After the heat treatment, the Si
substrate part 201, about 600 pm in fhickness, on the
first substrate side was ground with a surface grinder.
After the porous Si layer 202 was exposed, the

25 substrate was immersed in a selective etching solution
and exposed to an ultrasonic wave until the porous part

202 alone was wholly etched selectively. The



made of such a material as gold (Au) or platinum(Pt) which is

I ncapabl e of being corroded by the 10 hydrof l uoric acid solution. The
positive el ectrode 405 may be nede2®df-any of netallic materials

whi ch are commonly used for anodes. The surface of the positive

el ectrode 405 is preferably coated with a netallic film - resistant to
the hydrofluoric acid solution because t he hydr of | uoric acid sol ution

304 reaches the positive el ectrode 405 bé the tine that the entire
vol ume of the ComP051§bB§tPﬁtﬁhﬁoﬁeﬁﬁﬁtbﬁﬁe?ﬁﬁh ngHBOLNELPR: f BR%mti on. The

de of th l d_f h
anodi ¢ T ot | SRCRERGORBSRINGP SAELBP C30AEna- Bt 8, PTYarEBE T Rim and

‘may assume any I o] h t | PURe H@RGi tude is
set within a aid %ﬁe gggﬁlngmﬁPeﬁ&pgg gggégp?§a§%g? gro-qgls attai ned on
t he surface ofbglggrous Si |layer. Cenerally, the speed of the anodic
formation increases and the density of 25 the porous Si |ayer decreases

in accordgnce as thgelectivBB88EhEHE 8b1LBEoRt ECAGLECEY TR tHLGEESRS. The
vol une occupi ed by the pores proportionately increases.
(24 ppm)

Si etching speed: 5 A/min

SiO, etching speed: Not more than 1 A/minute

As a result, a SOI substrate provided with a

10 single crystal Si £ilm, about 0.2 pm in thickness, was
completed on the Si0, layer, 0.1 pm in thickness.
Microvoids inevitably occurred in the completed SOI
wafer had diameters in the approximate range of 0.5 um
- 3 uym and a density of not more than 0.5 piece/cm®.

15 The SOOI £film had a very satisfactory thickness
distribution, 0.2 pm * 1.5%.

A comparative sample produced at the same time,
with the washing prior to the pasting discontinued at
the sfep using the NH,OH : H,0, {IQO solution (the

20 silicon surface rendered hydrophilic), was on a par
with the comparative sample of Example 1 in terms of
microvoids but had voids, several mm in diameter,
formed in an annular pattern similarly to the
comparative example.

25 Example 4:

Now, the fourth example of this invention will be

described in detail below with reference to Figs. 3A to



« 2 A

- 21 - This volune varies the conditions for the epitaxial

growt h. [Fig. 2B] On the porous layer 202 which is forned

as descri bed above, a nonporous single crg$tal Si |ayer 5 203 is
epitaxially grown. The epitaxial growth is effected by the thernal
CVD, reduced-pressure CVD, pl asma CVD, nol ecul ar-beam epitaxy, and
Sputtering nmet hod which are in conmmon use. The thickness of the
epitaxially gr filmproperly is equal to the design 10 value of the

t hi ckness of tHhe "active Iayer [Fig. ZC] The first S| substrate

i fis | _2Q4 deno
Saerty o e S AR P s e, S Rt
‘substrate obtai r@)e(blbyzé“he. @tdpq;dﬁgsgdlbgﬁv?p@v% t'ﬁ c#%ess s&p%égt ?J“y

prepared Si substrate 210 constitutes it second

substrate. was prepaltfl,! Hedknes pidice Ao Suehe ) alppaPad st '&% first Si
substrate 201 is arbitrary and is only required to equal the
t hi ckness of a inisad-aSied dm Figayda,t @ande subjected to anodic
| formation to have the surface of the Si substrate 301
converted into a porous Si layer 202 in a thickness of
20 pm. For the anodic formation, a 49% HF solution was
used as the solution 304 and the current density was
10 set at 0.8 mA/cm®. The formation of the porous texture
proceeded at a rate of about 0.8 pm/mipute and the
porous layer, 20 pm in thickness, was obtained in about
25 minutes.
[Fig. 3B] On the porous Si layer 302 mentioned
15 above, a single crystal Si layer 303 was epitaxially
grown to a thickness of 1.5 um by the CVD method. The
conditions for the deposition of this layer were as
follows.
Kind of gas used: SiH,Cl,/H,
20 Flow volume of gas: 0.45/200 (1/min)
Temperature: 950°C
Préssure: 760 Torrs
Rate of growth: 0.25 um/min
[Fig. 3A] The substrate 301 manufactured by the
25 method described above was used as the second Si

substrate (no oxide film formed herein). This second

Si substrate and a separately prepared P type Si



éol desi gned. [Fig. 2D The first substrate 201 nenti oned

above and the second substrate 210 destined to serve as a

support substrate are washed and then pastzad -t oget her. The net hod
for this washing has only to conformto the 25 standard procedure which
Is followed in washing a sem conductor substrate (before the step of
oxi dat i on, for exanple) wth necessary nodifications. It nust use

- 22 - : at the final step of washing a washing |iquid which

i nparts hydr opheibstragte ol 1@ <9 ) 'ﬁgﬂi% Wershigiidized In @R d is a

hydrof luoric acid type sol ution. |ncidental ly, the first substrate
whi ch has a Si @Ene§phere of stepm 3t HROH &R L r‘éﬁxﬁ*‘i’lﬁfﬁ SHé A iy

: hed ith the hyd ' idt | ution, -
BT, gt o oo CEE AL g B SR Sl s T
heat - treated. The tefPELANELS and annddis, NeAlatf P AdEIa iy &f erred to

be as high as
5 dilute hydrofluoric acid solution (1.5%), rinsed with

purified water, spin dried, and.pasted together on the
obverse surfaces thereof. The pasted substrates were
heat-treated at 1100°C for. two hours.
[Fig. 3D] After the heat treatment, the Si

10 substrate part 301, about 600 pm in thickness, on the
second substrate side was ground with a surface
grinder. After the porous Si layer 302 was exposed,
the substrate was immersed in a selective etching
solution and exposed to an ultrasonic wave until the

15 porous part 302 alone was wholly etched selectively.

The composition of the selective etching solution, the
etching speed relative to the single crystal Si layer,
and the etching speed relative to SiO, were as shown
below.

20 Selective etching solution: Aqueous 0.005%
hydrofluoric acid
solution

Si etching speed: 3 A/min
Si0, etching speed: 2 A/min

25 As a result, a SOI substrate provided with a

single crystal Si film, about 1.5 pm in thickness, was

completed on the Si0, layer, 1.5 pm in thickness.



.

10 possible. If it is unduly high, however, the porous | ayer 202
W Il induce a structural change or the inpurity contained in the
substrate wi || undergo di ffusi on i32 t-he epitaxial l|ayer. Thus, the
tenperature and the duration of the heat treatnent are 15 sel ected so
as to preclude such unwanted phenonena. Specifically, the
tenperature is proper in the approxi mate range of 900C - 1100[err]C.

[Fig. 2E] Subsequently, the. Sj substrate part 201 and_t he porous
part 202 are JHERIVAAS InSHVEAPLNPEFHFTSD in s comRleted S | ayer 203

of the first substrate.is, | eft_behind. First, the Si_suhstrate part
201 i3 o i ( FLAPHRTS P (T REE AR ATHG 1P d o e

"sol ution such as, f.or | e, i roxjde..o . agu nmoni a
or with an or g’é"?li_c %I}f(rgi(%gs)o uqtf‘}génl c#n‘{g‘g rri)(;&laes,e‘:r?f o Oe'xsaerlleé%fL%l}gH By
the etching, the rq(rty&},pélsa%ive sa@j@%f&ﬁd@@té@l ddhed e Sol ution

havi ng a tenperature of not lower than 80[err]C. The polishing or
- 23 - 5 with the washing prior to the pasting discontinued at
the step using the NH,OH : H,0, : H,0 solution (the
silicon surface rendered hydrophilic), was on a par
with the comparative sample of Example 1 in terms of
microvoids but had voids, several mm in diameter,

10 formed in an annular pattern similarly to the

comparative example.



'thé'etching Is termnated provisionally at the tinme that the porous

part 202 is exposed. The exposed porous part 202 is selectively
etched by the use of a m xed solut3mn. of hydr efd yQLdies 8GH LAQUEOUS
hydr ogen 5 peroxi de solution or an alkali solutio

appropriately controlling the concentration of the ] E "tﬂ Ilquid,
the selectivity ratio of etching between the p and t he
single crystal Si | ayer can be increased to the approximate_paxi num
of 10 100,WBAT: I3. CLAIMEBNESFns the liquid concentration, the
hydrof | uoric acid concentration in the hydrofluoric aC|d type

solution is in the &pprbxmﬁﬁb@drﬁﬂﬁet%@ productien 4§ a059b %@Qﬁﬁ%ﬁt$pn1
preferably 0.1%to 10 concrete exanples of the alkali

ammoni a, TMAH OQSalne@thrHﬁﬁFh99 anfibhit inPhySR% 73 Eﬁﬁﬁ%ﬁ?@?%n% di ani ne
b ted. Th tch th th | f d

oul with the sahS: FEARTER R A AROGT g Sudde eﬂ”ﬁ?SﬁﬁeS& 58 Stk “aci

type sol ugi on. sug%?ggeon aid ?EépQ§fffgcé”5ﬂHt Q¥ liquid to

perneate ~20 I'Ci ent I'nto the pores e porous I"ayer’,
promoting the Eﬁﬁghegeéﬁkéﬁnbyaﬂgv§ﬁéUébﬂ& 891 £@FFace of said second

Si substrate washed so as to acquire hydrophobicity
before said first Si substrate and said second Si
substrate are pasted together.
10

2. A method for the production of a SOI substrate
according to claim 1, wherein said Si0O, surface of said
first Si substrate has been formed by oxidizing the
surface of said Si substrate or the surface of an

15 epitaxial layer formed on said Si substrate.

3. A method for the production of a SOI substrate
according to claim 1, wherein said Si0, surface of said
first Si substrate has been formed by imparting a
20 porous texture to the surface of said Si substrate,
epitaxiallg_growing a single crystal Si layer on the
surface of said porous layer, and oxidizing the surface

of said epitaxially grown Si layer.

25 4. A method for the production of a SOI substrate
according to claim 1, wherein said SiO, surface of said

first Si substrate has been formed by oxidizing the

* c L M S *
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progress of the etching action, it is advantageous to.__  __ _use an ]

ul trasoni c washi ng devi ce. Figs. 3Ato 3D illustrate another

nodes of 25 effecting the nethod for 3el-ective et chi’l‘h78hv|e1tmsaeenke placed
h

porous Si layer. Fig. 3A depicts the first substrate

I nvention which has an oxide film 304 formed on

- 24 - a Si substrate 310. Fig. 3B represents t

substrate of this invention having a porous Si |ayer - 302 and a
nonporous Si |sNefagPHrsaid B sYpstrake and Saldﬁ%(?]} c?d{raﬁmep to the
step of Fig. 2B alread | ai n The n | Ia er 303 is
formed by ~ sai p?r%%&msbrm% TS e drekn e B Sppatiring ¢
- nodes described with re t jally

T ESH G Gl faee &@léﬁhsgbst L

grown subst r at®PTeY strate is

the second Si éﬁ@g&éﬁ% &tv?]ﬂ‘%ec %g@etsr wedl 88 BRdO o}ptﬂgley are

rever sed. substrate 1s washed wth a
5 surface of the porous texture.

5. A method for the production of a SOOI substrate
according to any of claims 1 to 4, wherein a heat
treatment to be performed after said first Si substrate

10 and said second Si substrate have been pasted together
is carried out at a temperature of not lower than

900°C.

6. A method for the production of a SOI substrate
15 according to any of claims 1 to 4, wherein the Si
surface of said second Si_substrate destined to form a
hydrophobic surface has a water content of not more

than 6 x 10'* molecules/cm?.

20 7. A method for the production of a SOI substrate
according to any of claims 1 to 4, wherein said washing
for imparting hydrophobicity to said Si surface of said
second Si substrate uses a washing liquid having a
hydrofluoric acid.

25

8. A SOI substrate in which Si is present as far

as 2 mm from the periphery thereof and locally

* c L M S *



hydrofluoric acid type solution so that the Si surface __ __ thereof to be
used for pasting wll acquire hydr ophobi ci ty. Thereafter, the
SJerr] surface 304 of the 15 first -Sessubstrate 310 anmIQMtﬁhsEddﬁR éplabed

303 of the second Si substrate 301 are pasted toget he &Eu l,”mm

illustrated in Fig. 3Cto obtain such a SO substrate '
illustrated in Fig. 3D by adopting the sane procedure as

with reference to Fi 2A to _ 20 Now, wor ki ng exanpl es
of this inventiHFtHd u't[f%i voids %(ﬂh% H&iosw the perigheredl @art

The first exanmple of this invention will be 25 descri bed below with
reference to Hﬁﬂ? to 1D. [Fig. 1A] Two 5-inch P type single
"crystal Si substrates (10 [err]Jcm- 20 [err]cn) having a thickness
of - 25 - 625 pm were

prepared. The surfagﬁ Oﬁxgﬂﬁi%&ﬂg¥§£€@)according to claim 8, which is

5 obtained by pasting a first substrate possessing a SioO,

surface-in one main surface thereof and a second
substrate possessing a Si surface on one main surface
side thereof on the main surfaces thereof and said Si
surface of said second substrate is rendered

10 hydrophobic by a washing performed before said first
substrate and said second substrate are pasted

together.

* c L M s *



substrate was oxidized (oxidized film2102 in the ~di agr an)—

t hi ckness of 0.5 pm The oxidi zed side was used as.a fir

substrate 101 and the other side 5 - \@fich was |eft un lmmd
second Si substrate 110. [Fig. 1B] The

101 and 110 were washed with a NH err]OH : H202 :

rinsed with purified water, then washed with a HF : H[err]O solutlon
10 (1.59%, rinsed n dried. and pasted together. The - pasted
substr at es \Aer’éB%'Jé%ﬁéTr(S%t%Ea‘P ISERTERE | C for t wo hours.

Fig. 1C] The substrate 101 wa d f t_Si trat
[10|195| de]to " 3gpts RS o 615" pm ’b?/’gr%gf"el%r&e L%mb ) °sfur? R Eel‘f‘i‘ .ra e

| Qﬁfaiﬁszeﬂﬁf in | SEEREE qeneratifly RE(dE 1h Dl b fpHitba Sk B '2' o on
the fﬁéf@bf'éﬂalggnséﬁhéﬁ%f§rhébfglsﬂﬁﬁE%he number of M crovoids

whi ch |neV|tab occurred 1n this SO wafer had dianeters in the
appr oxi nag e ra@@@l@ésoté be derivéd-tHéréfmramd a density of about 0.1

piece/cnferr]. A conpar ati ve sanpl e produced at the same tinme, with
t he washi ng ptiodnterhdeca pasthod fihscend i prmtuctidheoSteBoI
' substrate obtained by pasting a first Si substrate
possessing a SiO, surface and a second substrate
possessing a Si surface on the Si0O, surface and the Si
10 surface, which method comprises washing the Si surface
of the second Si substrate thereby imparting
hydrophobicity to the Si surface before the first Si

substrate and the second Si substrate are pasted

together.



using the NHerr]J]OH: Herr]Jerr] : Herr]Osolution (the silicon 25
surface rendered hydrophilic), was on a par with the sanpl e of the
wor ki ng exanple in terns of m crovoids but had | arge voids, several
mmin dianeter, forned - 26 -
continuously in an annular pattern in the peripheral part as shown
in Fig. 5. Exanpl e 2: 1/ 5The second worki ng exanple of this
invention will 5 be described below with reference to Figs. 1A to 1D.
[Fig. 1A] Two 5-inch P type single crystal Si substrates (10 [err]cm
- 20 [err]cm) having a thickness of 625 [err]mwere prepared. The
surface of one of the two substrate was oxidi zed (oxidized film 102
inthe 10 diagram) in a thickness of 0.5 [err]m The oxidized side
was used as a first Si substrate 101 and the other side whi ch was

| eft unprocessed as a second SiF7ﬁstr7aZ 110.
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[Fig. 1B] The two substrates 101 and 110 were 15 washed with a

NH err]OH : H202 : H20 solution, rinsed with purified water, then
washed with a HF : Herr] O sol ution (1.59, rinsed, spin dried, and
pasted together. The pasted substrates were heat-treated at
1200[err] C for 10 m nutes. 20 [Fig. 1D] The substrate 110
was ground fromthe second Si sdwSbrate side to a depth of 615 pm by
the use of a surface grinder. It was subsequently ground to
mrror finish with colloidal silica abrasive until the Si film 101
remained in a thickness of 2 pmon the 25 Si oxide film102, to obtain
-a SA wafer. M crovoi ds which inevitably occurred in this SO

waf er had dianeters in the appr e e of
- 27 - 0.5 pm - 3me¢[@deMy of about 0.1 piece/cnferr]. A
conparati ve sanpl e produce ane f | shing prior
to the pasting di 'ﬂﬂm” L/ZW
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FIG. 2B

VA A A A A A A A A A BT A& ggg
20
L He 2t e
//////7[/////?’%8%
201

FIG. 2D
4210
N —— ey |||
A A L A A A 0 A A A "ggg
201

FIG. 2E
—_— 203
204

-T~210




using the NHerr]J]OH : Herr]Jerr] : Herr]Osolution (the silicon 5
surface rendered hydrophilic), was on a par with the sanpl e of the
wor ki ng exanple in terns of mcrovoids but had voids, though
averagi ng in reduced di aneters of several hundreds of pm as conpared
with the conparative sanpl e of Exanple 1, remaining in an annul ar
pattern 10 just the sane. Béaopl e 3: [Fig. 2A] A
5-inch single crystal P type Si substrate (0.01 [err]Jcm - 0.02
[err]cm) 201 having a thickness of 625 pm was prepared, set in place
in such an 15 apparatus as illustrated in Fig. 4A, and subjected to
anodic formation to have the surface of the Si substrate 201
converted into a porous Si layer 202 in a t hi ckness of 20 pm For

t he anodic formation, a 49% HF solution was used as the solution 304
and the current 20 density was set at 1 mdcnferr]. The formation of

t he porous texture proceeded at a rate of about 1 pm m nute

and the porous layer, 20 pmin thickness, was obtained i n about 20

m nut es. [ Fig. 2B] e rqus Si layer 202 nentioned 25
above, a single crystal Si Iayefqagﬂ wgz/gpitaxially

4-310
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grown to a thickness of 0.25 [err]mby the CVD nethod. The

conditions for the deposition of this |ayer were as

- 28 - fol |l ows. Ki nd of gas used: SiH4/H2

Fl ow vol une of gas: 0.62/140 (1/mn) Tenperature: 850[err]C 5
Pressure: 80 Torrs Rate of growth: 0.12 pmnmin

[Fig. 2C] The substrate 201 nanufact upedgby the nmet hod descri bed
above was treated in an atnosphere of steamat 900[err]C to obtain an
oxide film204, 0.1 pmin 10 t hi ckness. [Fig. 2D The
substrate having fornmed an oxi di zed surface as nentioned above was
used as the first Si substrate and a 5-inch P type Si substrate (10
[err]cm - 20 [err]cm) prepared in advance was used as the second S
15 substrate. These two substrates were washed with a

FIG. 4A
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system using acid and anmonia, finally washed with a dilute

hydrof l uoric acid solution (1.5%, rinsed with purified water, spin
dried, and pasted together on the obverse surfaces thereof. The
pasted substrates were 20 heat-treated at 1100[err]C for two hours.
[Fig. 2E] After the heat treatnent, t?g{gi substrate part 201, about
600 pmin thickness, on the fir substrate side was ground with a
surface grinder. After the porous Si |ayer 202 was exposed, the 25
substrate was imMmersed in a selective etching solution and exposed
to an ultrasonic wave until the porous part 202 al one was whol |y
etched sel ectively. The - 29 -
conposition of the selective etching solution, the et chi ng speed
relative to the single crystal Si |ayer, and the etching speed
relative to SiJerr] were as shown bel ow. 5 Sel ective

etching solution: Aqueous TMAH sol ution

FIG. 5




(24 ppm Si etching speed: 5 A/nin Si qerﬁm%ﬁn‘g‘:a.

speed: Not nore than 1 A/m nute As a result, a SO substrate
provided with a 10 single crystal Si film about 0.2 pmin thickness,
was conpleted on the SiJerr] layery 0.1 pmin thickness.

M crovoi ds inevitably occurred in the conpleted SO waf er had

diameters in the approxiv@irD atge sofu®r R oF soI suBgwraanl a density of
not nore than 0.5 piece/cnferr]. 15 The SO filmhad a very

sati sfactory thickness BYirgigning i 012 SUBSTRATY® A
conparative sanple produced at the sane tine, with the washing prior
to the pasting discontinued at the step using the NHerr]OH :
Herr]Qerr] : Herr]O solution (the 20 silicon surface rendered
hydrophi lic), VBECKGRGUNIarOF THE INWENITION conparative sanple of Exanple 1
in terms of m crovoi ds but had voids, several mmin dianeter,

fornmed in an arfigld Phatthke nirventieny to the conpar ati ve exanpl e.
25 Exampl e 4: o Now, the fourth exanple of this invention wl]l
be descri bed ThigictnyenhkrnFedates derameriesd HQs .t to

production of a pasted SOI substrate and the SOI
substrate and more pafticularly to a method for the
production of a pasted SOI substrate which has
repressed birth of voids liable to occur particularly
in the most peripheral part thereof, widened the area
thereof available for the manufacture of devices,
increased the number of devices derivable therefrom,
and improved yield and the SOI substrate.

Related Background Art

The formation of a single crystal Si semiconductor
layer on an insulator is widely known as the "silicon
on insulator (SOI)" technique. Many studies have been
made on this substrate because the substrate possesses
numerous excellent points which are never attained by
standard bulk Si substrates for the manufacture of Si
integrated circuits.

In the recently reported SOI structures, the so-
called "pasted SOI" stands out particularly in terms of
quality. This pasted SOI is the product of the
technique which comprises preparing two wafers at least

either of which has formed an insulating film as by
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- 30 - 3D. First, a 5-inch single crystal P type S

sSubstrate (0.01 [err]Jcm - 0.02 [err]Jcm 301 having a thickness of
625 pm was prepared, set in place in such an apparatus as 5
illustrated in Fig. 4A, and subjected to dic formati on to have
the surface of the Si substrate 301 converted into a porous Si |ayer

202 in a thickngssTRicT OF TH%ODig f1dsyrEOr the anodic formation, a 49% HF
sol ution was used as the so ution 304 and the current den5|ty was

10 set at 0.9eTHdS "FER' PRODULEION' ORI 6T STBSTRAPR BYSPASTING CAND

proceeded at aTate of about 0.8 pm mnute and the porous Tayer, 20

pmin thi cknessgoyagsusgtraATEd i n about 25 m nutes. [ Fig.

3B] On the porous Si |ayer 302 nmentioned 15 above, a single crystal S

| ayer 303 was epitaxThisyinventionrsobvés thé hprdébkes of 4.Bafeed] OBy t he

CVvD net hod. The conditions for the deposition of this |ayer were as
substrate generating voids in the peripheral part

thereof and consequently decreasing the number of
devices to be derived.therefrom.

It concerns a meéhod for the production of a SOI
substrate obtained by pasting a first Si substrate
possessing a S8iO, surface and a second substrate
possessing a Si surface on the Si0, surface and the Si
surface, which method comprises washing the Si surface
of the second Si substrate thereby imparting
hydrophobicity to the Si surface before the first Si
substrate and the second Si substrate are pasted
together.

FIG. 1A
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foll ows. Kind of gas used: SiHerr]C[err]/Herr] 20

Fl ow vol ume of gas: 0.45/200 (1/m n) Tenperature: 950[err]C
Pressure: 760 Torrs Rate of: growt h:-0:25" prﬂmn

[ Fig. 3A] The substrate 301 manufactured by the ri bed
above was used as the second Si - §3Jbstrate ﬂﬂlﬂ@ rrred
herein). This second Si substrate and a repared P type
Si substrate (10
[err]cm - 20 [err]cm 310 were oxidi zed in an at nosphere of steam at
1050[ er r (WRHA® &5 tALAIMBESSIf 1.5 pm [Fig. 3C] These two
substrates were washed with a systemusing acid and ammonia, finally
washed with alb A dieltiiod Rpuridi¢ woradsicadicn 98| AtSDh spbstyRter phsadn@ht h
purified water, spin dried, and pasted together on the obver se

sur f aces he@rasingrhe Hhstte s plstaaie wagsessing a 810, surface which

has been formed by imparting a porous texture to the surface of
said first Si substrate, epitaxially growing a single crystal Si
layer on the surface 6f said porous layer, and oxidizing the
surface of said epitaxially grown Si layer, and a second Si
substrate possessing a Si surface on said SiO, surface and said
Si surface, characterized by having'said Si surface of said
second Si substrate washed so that said Si surface of said second
substrate acquires hydrophobicity and has a water content of not
more than 6 x-10*® molecules/cm? before said first Si substrate

and said Si substrate are pasted together.

2. A method for the production of a SOI substrate
accérding to claim 1, wherein a heat treatment to be performed
after said first Si substrate and said second Si substrate have
been pasted together is cafried out at a temperature of not lower

than 900°C.

3. A method for the production of a SOI substrate
according to claim 1 or 2, wherein said washing for impérting
hydrophobicity to said Si surface of said second Si substrate

uses a washing liquid having a hydrofluoric acid.

This Sheet Has Been Replaced
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heat-treated at 1100[err]C for two hours. [Fig. 3D After the
heat treatnent, the Si 10 substrate part 301, about 600 pmin

t i ckness, on the second substrate side was ground with a surface
grinder. After the porous Si |ayer 302 was exposed, the substrate
was imersed in a selective etching _ 5, _ solution and exposed to an

ul trasonic wave until the 15 porous—part 302 al one was wholly etched
sel ectively. The conposition of the selective etching solution, the
etching speed relative to the single crystal Si |ayer, and the

et ching apestacel aF veEEt 0ISCODSURE were as shown bel ow. 20

Sel ective etching solution: Aqueous 0.005%
hydr of | uMETECECi HOR PRODUCTION OF SOI SUBSTRATE BY PASTING uBANDn SOI

Si etching speed: 3 A/mn Si2 etching speed: 2 AAmn 25

As a res@UBSTRASE substrate provided with a single crystal Si film
about 1.5 pmin thickness, was conpleted on the Si Qéerrl7 Ia%/er, 1.5
pmin t hi ckneShis invention solves the problem of a pasted SOI ubstrate

generating voids in the peripheral part thereof and consequently
decreasing the number of devices to be delivered thérefrom.

It concerns a method for the production of a SOI substrate
obtained by pasting a first Si substrate possessing a 8SiO,
surface and a second substrate possessing a Si surface on Ehe
810, surface and the Si surface, which method comprises washing
the Si 'surface of the second Si substrate thereby imparting
hydrophobicity to the Si surface before the first Si substrate
and the second Si substrate are pasted together.

FIG. 1A
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- 32 - M crovoi ds inevitably occurred in the conpleted SO

waf er had dianeters in the approxi mate range of 0.5 pm- 3 pmand a
density of not nore than 0.3 piece/cnferr]. A conparative
sanpl e produced at the sanme tinme, _ 5 wi th the washing prior to the
pasting discontinued at™ =~ t he sten usmg the NHerr]OH : Herr](err]
- Herr]O solutio i con surface rendered hydrophilic), was
on a par m““ﬂmnumurlﬁlllve sanmpl e of Exanpl € 1 i n-t-erns- of

m crovoi ds but had+vot ds; devéral mmin di amet erthis s gas gl OyTEd I N an

annul ar pattern simlarly to the conpar at i 2 Replaced
-33 - WHAT IS CLAIMED I S: 1. A nethod f "Im MH"II on of a SO
substrate obwBADeDS CLAIMED IS:

1. A mathad of manufacturing an SOI substrate

comprising the steps of:

superposing a first substrate (101;201;310) taving
a silicon oxide surface (102;2Q04;304) and a sacend
substrate (110:210:;301) having a silicoa surface upen

— each other so that said silicon oxide surface and said

silicon surface contact eacﬁ other; and

heat - treating the superposed substrate,
characterised by the step of:

washing said silicon suzface of said second
substrzate (110;210;301) prior te said superpositioning
step so said silicen surxface acguires hydzephobicity and
has a water content of not more than § x lo¥

malecules/cm?,

o 2. A method of manufacturiag an SOI substrate according

to claim 1, wherein said second substrate comprises a

silicon substrats (110;210}.

3. A methed of manufacturing an SOI substrate according

o claim 1 or 2 wherein said first substrats comprises

a silicon substrate (101) having a silicon oxide layer

(102) formed on 3 surface.

4. A method of manufacturing an SOI substrate according

to any of claims 1-3, further comprising the step}oﬁﬂ




by pasting a first Si substrate possessing a Si(Jerr] surface which has
been fornmed by inparting a porous texture to the surface of said first Si

substrate, epitaxially growng 'a"s'i'ngl e crystal Si |layer on the surface of
sai d porous |ayer, surface of said epitaxially grown Si
| ayer, and a second mlﬂgu@ﬂ ssessing a Si surface so as to bring
said Sigerr] surf ct wit¥said Si surface, characterized by

having said Si surface of said second Si substrate washed so that said Si
surface of said second substrate acquires hydrophobicity and has a water
content of not nore than 6 x 10[err] nolecules/cnferr] before said first
Si substrate and said Si substrate are pasted together. 2. A
met hod for FRRECERGJERe | Shiotness ¥ saldsfinse sweewiatend 4% )claim 1,

wherein a hegt treatyent to erforned .after aldflrst Si_substrate and
said secondaggze f"és'ﬁf\?g“g@&ﬁ (p}?;‘t lelfs tbé’Q’élF £318599°% out at a
tenperat uregg gpgtéo fay.than 900[err] C . A nmethod for the
producti on s %s a SC](Vﬁsubstrate according to cl al m1l or 2, wherein said

washing for inmparting hydrophobicity to said Si surface of said second Si
substrate
S. A method of manufacturing an SOI substrate according
to any of claims 1-3, further comprising the step of
reducing the thickness of said second substrate (110)
~ after said first substrate (101) is bonded to said second

substrate (11.0).

6. A method of manufacturing an SOI substrate according
to claim 4 or 5 wherein said reducing step comprises

reduces the thickness of a substrate by palishing.

7- A wmethod of manufacturing an SOI substrate according
to claim 4 or 5 wherein said reducing. step comprises

reducing the thickness of a substrate by etching.

8. A method of manufacturing an SOX substrate according
to claim 1, wherein said first substrate comprises a
porous silicon layer (202), a single crystal silicon
layer (203) and a silicon oxide layer (204), successively

laminated on a silicon substrate (201).

g. A method of manufacturing an SOI substrate according
to claim 8 wherein said second substrate comprises a

silicon substrate (210).




uses a washing liquid having a hydrofluoric acid. ~ reducing
the thickness of said first substrate (10%) after said first substrate
(101) is bonded to said second substrate (110). 5. A nethod of

manuf acturing an SO substrate according to any of clainms 1-3, further
conprising the step of reducing the thickness of sai-d-second-substrate

(110) after said first substrate (10133§s bonded to,mﬂ second substrate

(110). 6. A nmethod of manufacturing an SO subst ﬂﬂm HMHUHLO
claim4 or 5 wherein said reducing step conprises r L Milldkness of
a substrate by polishing.

10. A method of manufacturing an SOI substrate according

to claim 8 or 9 further comprising the step of removing

said silicon substrate (201l) and said porous silicon

layer (202) after said single crystal siliceon layer (203)

is bonded to said second substrate (210).

11. A method of manufacturing an SOI substrate according

" +o claim 10, wherein said silicon oxide substrate (201)

is removed by grinding.

12. A method of manufacturing an SOI substrate according
to claim 10 wherein said silicon substrate (201} Ais

removed by etching with an alkaline soclution.

13. A method of manufacturing an SOI substrate according
to any of clains 10-12 wherein said porous silicon layer
(202) is removed by etching with a solution containing

.v hydrofluoric acid or with an alkaline sclutiom.

14. A method of manufacturing an SOI substrate according
to claim 1 wherein said first substrate comprises a

silicon substrate (310) having a silicon oxide layer

(304) formed on a surface.

15. A method of manufacturing an SOI substrate according

to claim 14 wherein said second substrate comprises a

porous silicon layer (302) and a single crystal silioj'dqf




7. A nethod of manufacturing an SO substrate according to claim4 or 5
wherein said reducing. step conprises reducing the thickness of a
substrate by etching. 8. A met hod of manufacturi-ng-an ‘SO "Substrate

according to claiml1, wherein said first substrate co por ous
silicon layer (202), a single crystal silicon ‘w m Eﬂm silicon
oxi de | ayer (204), successively |am naded on a e (201).

9. A nmethod of manufacturing an SO substrate accordlng to claim8
wherein said second substrate conprises a silicon substrate (210).
-35 - 10. A method of manufacturing an SO substrate according to
claim8 or. 9 further conprising the step of renoving said silicon
substrat e 12BF) (W) sacgepovitrly taminaned on a silicon substrate

(301).

16. A method of manufacturing an 50I substrate according
to claim 15 further comprising the step of removing said
silicon substrate (30L) and said porous silicon layer
(302) f;om said single crystal silicon layer (30Q3) after
~ said single crystal silicon layer is bonded to said

silicon oxide layer (304) of said first substrate.

17. A method of manufacturing an SOI substrate according
to any preceding claim wherein the silicon surface of
said second substrate (110;210;301) is washed with a

solution containing hydrofluoric acid.

18. A method of manufacturing a SOI substrate according
to claim 17 wherein said washing solution comprises

— hydrofluoric acid at a concentration of 1.5%.

15. A method of manufacturing an SOI substrate in
accordance with any preceding claim wherein said heat

treating step comprises heating said superposed substrate

to a temperature of between 900° to 1100°C.

20. A method of manufacturing a SOI substrate according to claim
17, wherein after washing said silicon surface with said solution
containing hydrofluoric acid and then rinsing the resultant
surface with pure water, the rinsed resultant is dried; and
wherein said heat-treatment is carried out at 900°Cjor more. = - -




| ayér (202) after said single crystal silicon layer (203) . is bonded to
said second substrate (210). 11. A rmethod of manufacturing an so
substrate according to claim10, wherein said silicon oxidé substrate
(201) is renoved by grinding. 12. A method of man

substrate according to claim10 wherei g_{sal d si I\ “Mm \!ﬂg\ﬂgon IS
renmoved by etching with an al kaline sofutT of*

manuf acturing an SO substrate according to any of clainms 10-12 wherein

said porous silicon layer (202) is rem)ved by etching with a solution
A net hod

cont ai ning hygdr ofI or| aci I I ne
of manufacturi %gds uﬁ‘s‘gfgfawg ‘g'il%eg&( clm}ﬁan %f \c/%rrafgfgfiﬁ&éal d first
substrate conprd ssesr ®f gLhiej @@ncsébsgralelr(tsalo) haV| ng a silicon oxide |ayer

(304) formed on a surface. 15. A method of manufacturing an SO
substrate according

| e T




to ¢claim14 wherein said second substrate conprises a porous silicon |ayer
((302) and a single crystal silicon | ayer (303) successively

| am nated on a silicon substrate (301). 16. A method of manufacturing
an SO substrate according. to claim15 further conprising the step of
renoving said silicon substrate (301) and said porous silicon layer (302)
fromsaid single crystal silicon Iayer'?§03) after said single crystal
silicon layer is bonded to said silicon oxide |ayer (304) of said first
substrate. 17. A net hod of manufacturing an SO substrate according to

any preceding cl APRIRRETeCR THE PTSCEOSUREr f ace of said second substrate

110; 210; 301) is ed with a _solution containing hydrofluoric acid.
( ’ ’ ) Mﬂ%% D FOR PRODUCTION OF SOI SUBSfiAfé BY PASTING AND

SOI SUBSTRATE

This invention solves the problem of a pasted SOI
‘substrate generating voids in the peripheral part
thereof and consequently decreasing the number of
devices to be derived therefrom.

It concerns a method for the production of a SOI

- substrate obtained by pasting a first Si substrate

possessing a Si0, surface and a second substrate
possessing a Si surface on the S8iO, surface and the Si
surface, which method comprises washing the Si surface
of the second Si substrate thereby imparting
hydrophobicity to the Si surface before the first Si
substrate and the second Si substrate are pasted

together.

FIG. 1A
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18. A nethod of manufacturing a SO substrate according to claim17 '
wherein sai'd washing solution conprises hydrofluoric acid at a
concentration of 1.5% 19. A netheod of manufacturing an SO substrate in
accordance with any preceding claimwherein said heat treating step
conpri ses heating said superposed substzate to a tenperature of between
900[err] to 1100[err]C 20. A nmethod of manufacturing a SO substrate
according to claim 17, wherein after washing said silicon surface with said
sol ution containing hydrofluoric acid and then rinsing the resultant
surface WHRE plr ELA&MEP, I6he rinsed resultant is dried and mherein sai d
heat-treatnment is carried_out at 900[er % An
SO substrat elpr odBcBYt Y £ theIPECEBFHLAY Cf% aaﬁg?lo?ul?%r@f%%wed

cl ai ns.
by pasting a first Si substrate possessing a SiO, surface which

has been formed by imparting a porous texture to the surface of
said first Si substrate, epitaxially growing a single crystal Si
layer on the surface of said porous layer, and oxidizing the
surface of said epitaxially grown Si layer, and a second Si

substrate possessing a Si surface so as to bring said SiO,

surface into contact with said Si surface, characterized by

having said Si surface of said second Si substrate washed so that
said Si surface of said second substrate acquires hydrophobicity
and has a water content of not more than 6 x 10 molecules/cm?
before said first Si substrate and said Si substrate are pasted

together.

2. A method for the production of a SOI substrate
according to claim 1, wherein a heat treatment to be performed
after said first Si substrate and said second Si substrate have
been pasted together is carried out at a temperature of not lower

than 900°.

3. A method for the production of a SOI substrate
according to claim 1 or 2, wherein said washing for imparting
hydrophobicity to said Si surface of said second Si substrate

uses a washing liquid having a hydrofluoric acid.
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