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BACKGROUND OF THE INVENTION
5 Field of the Invention |
The present.inVention relates to a semiconduCtor

substrate, and to a method for its fabrlcatlon. More '
partlcularly, the present 1nvention pertains to a
semiconductor substrate that can be applied for

.iO | dielectric separation, or to an electronie device or an
integrated circuit-that is fabricated on a single |
crystal semiconductbr layer on an insulator, and to a
" fabrication method for the semiconductor substrate._
Related Background Art

15 ' The formation of a single crystal Si semiconductor
layer on &an insulator constitutes a widely known
procedure that is called the silicon on an insulator
(SOI) technique. Manylstﬁdies of this technidue have
been performed, since with a deﬁiee that utilizes the

'20°  SOI technique a number of superior features are made
available that can not be obtained using'the bulk Si -
substrates with Which'normal-Si ihtegrated circuits are
fabricated. In this instance, therefore, by employing
the SO0I techniquelthe folloﬁing superior features are.

25 - provided: B |

1) Easy iselation of dielectrics, and large-scale

integration“capabilitya
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NC RN R%.SC SJ (54) FLUOCROALKYLSULFONAM DOARYL COVPOUNDS
(731) W, M NNESOTA M NI NG AND MANUFACTURI NG COVPANY, a corporation
organi zed and existing under the laws of the State of Delaware, United
States of Anerica of 3M Center, Saint Paul,2Mnnesota 55101, United States
of _ Anerica, do hereby declare the invention for which we pray that a
patent nmay be 5 granted to us, and the nethod by which it is to be
‘performed, to be particularly 5 described in and by the follow ng
statenment: - ' This invention relates to aryl-substituted

f 1 uor oal kyl sul f @aniBxcddd ent wadilo tdesistance ayagalgrlduiy .conpri ses phenyl

or naphthyl 1inked by oxygen, sulfur, sulfinyl or sulfonyl, and to
salts thereof. Ble HRedpctian tive sfinay c@pagidianasadngd inianesfed are
optionally 10 substituted. The conpounds are active herbicides and sone
are anti-inflam®e®dr 10 ' agents. Methods for the use of the
conmpounds are- al so incl uded. ' hough di phenyl et hers,

di phenyl t hi oet hé’r)s, WisRRR Qf f“f?)gildé’sr%%"(ﬁep'henyl - sul f ones whi ch
cyel oal kyl Sl T orh G GIBUR BERVEHRSR FIRRA T see Briti sh patent
054, 955) i1 ® 6 profBihdiF U UG ol b KleBdy 1) o
| nvention, ther etf&élr&ﬂzd%& cf_lial% a{imq&s dgczteth%ed. _ formul a
| | A method for forming the SOI structure that has
many advantageous device charadteristics is descfibed
10  in, for exampie,.Special Issue: ?Single-crystal |
silicon on non—singie.crystal insulators“;‘Edited by
G.W. Cullen, journal of Crystal Growth, Volume 63, No.
'3, pp. 429 to 590 (1983).: |
| A previons methqd.that hag studied is the one
15 called SOS (silicoh;on sapphiie);.which invqlﬁes the
forming, by hetero epitaxial.growth; of Si oﬁ a éingle
crystal sapphire substrate using the CVD mefhod
(Chemical Vapor Deposition method). This method, the
most mature SOI technique, has been used successfully;
20 however, the applications for whicﬁ SOS'caﬁ be employéd
are-limited becaﬁse of the occurrence of many crystal
-defects,_due-to the mismatching of lattices between the
su:faces of the Si layers and sapphiré substrate
'underlayers; the infiltratibn.of:Si layers by aluﬁinum
25_ fiom the sapphire'substrates,.and, éspecially,.the.high
manufacturing costs for the substrates and the fact

~that the technique for incfeasing.substrate.dimensions'



[erf] q- wherein R err] is a | ower fluoroal kyl radical having at |east

two flubrine atons bonded to 26 .the al pha carbon atom R is hydrogen, a
cation, cyano, alkyl, alkylsulfonyl, or -20 [err], where Rerr] is
alkyl and A is oxygen or a carbon-carbon bdhds B i$s oxygen, sul fur,

'sulfinyl or sulfonyl, Ar is phenyl or naphthyl, the or each Y and the

or each Y' is selected independently from hal ogen, al kyl, al koxy, nitrao,

am no, al kan- am d, hal oal kyl hydroxy, dlalkylan1no

car bal koxam no, al kyl t.hi o, alkylsulfonyl al kanoyl , dlalkylsulfannyl
and al kyl sul fi nys &td1ld dmd the ar@qerﬁkﬁén@@ﬁmyd?é@éoeﬁé 2Recently,or two
‘provi ded that an i ndi vi dual allphatlc gr oups appearlg% i n the_ conpounds of

Formula | (i. TREOES., FRTRELS PAve Ry MRICoAPa ovige Fhe 9% our
b t th h | th
??Lo?gaﬁkgrgulf&ﬁiﬁqﬁﬁﬁﬁwﬂhfﬁayiﬁro %t%?%n rrln%b g%@%FPfo gihaf group

and the group connectead theretaq thro Si ar | e
zero, Ar is unsd5&FT taﬁ't &hg)gsge&tt%mipﬁne gromllj)%‘es E)naﬁe w E’eeq:ffg%?r'uu]na? and
attached 30 neRQfés]Q:}r%'l%t ¢S Qr}i%a%wo procedures. Oorrpounds of the.

i nventi on whereih ydrogen o cation are presently preferred.
Preferably, also, thqy ngipeuathedlshitiRide’ o @PS1/,N s grltojc Bstierrl, Y
and Y : contain one carbon atom Preferred for I -i nfFfammat ory

pur poses: are t hgukrRAthas been oxidized, a portipn of the Si

substrate is exposed, and while that portion is used as
a seed, Si is epitaxially'and laterally grown.to ferm

10 ah Si,_single'crystal iayer on Si0, (in this case, the
procedure is accompanied by the depositing of an.Sil
layer on the S$i0,).

2) An Si, single crystal substrate is used as an
aetive_layer, and Si0O, is formed under the active layer
15 (here, the'procedufe is not accompanied by the..
depositing of an Si layef).
Well known methods for'performing procedure 1)

.are: a method whereby a single crystal layer Si is.
directly grown, epitaxially and 1ateraily, by the CVD

20~ method; a method whereby non-crystalline Si is
'deposited and is_epitaxially and laterally grown in a
solid phaae by.thermal.processing; a-ﬁethod whereby a
convergent energy beam, sﬁch as an'electron beam or a
laser beam, is employed to 1rrad1ate a non—crystalllne

25  or polycrystalllne Si layer and a 51ngle crystal 1ayer
is grown on SlO2 by meltlng_recrystalllzation, and a

method whereby a melted zone is scanned as a band by a



357+ ibn which Y and Y' are nitro or am no
35 « [Price 25p] 2
1, 306, 564 _ _ Rlerr] may be either a straight or branched chain
fluoroal kyl radical and preferably - -cpntains one or two carbon atons.
Mst preferably Rlerr] is trifluoromethyl, since the - her bi ci dal
activity of the conpounds of the invention is generally greater when Rferr]
S perfluorinated and when R err] has one .carbon atom 5
Preferred groups of conpounds according to the inventjion include those of
the 5 f crodu/lesater (zone melting and recrystallization). These
methods all have meritsland démerits, and as they all,
more or'lcss, have problems of control, broductivity,
uniformity and quality, no practical use of anf of them
5 has as yet been made. For example, with the CVD
method, where sacrificial oxidization is required tc
form a flat, thin film, the crystallization thaf it
provides in the_solid—phase growing method is ncf good.
'And as for thc beam annealing method, shorfccmings are
10 encountéred in the processing time that is required for
a convergent beam scan,'and with the contrcls for the
overlapping of beams 'and for fhe cdjustment of focus.
And'althcugh the zone melfing recrjstaliization method
is the mcst matﬁre and has:been used on an experimental'
15 basis for the manufacture of comparatively large
integrated circuits, with the méthod many crystal
defects occur, such as sub-crystal grain boundary
"defects, and the method is not yet practical for the
fcbricaticn of minority carrier devices.
20 As for prccedure 2), there are fhree methods by
which it can be performed;
1) A method whereby én oxide fiim is formed on an
'Si'single crystal substrate, in the surface cf‘which a
.V-shaped_groove-is anisotropically etched, anc'on.the
. 25 oxide film is deposited a polycrystalline Si layer,
" which is as thick as the Si substrate. The reverse

surface of the Si substrate is ground down, and formed
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20

25

on the:thicklpolycrystalline Si layer, and
circumscribed by'the V-shaped grooﬁe, is an Si single
crystal zone that is dielectrically isolated. With
this method,'although crysfallinity is preferable,

problems of control and productivity are encountered

while using the procedure for depositing a

pdlyérystalline Si layer of several hﬁndred_microns,
and while Qsing the procéddre by which the reverse
surface of the‘single crystal Si substrate.is.ground to
obtain fhé'isolated active Si layer.

| '2) A -method called SIMOX (separation by ion
implanted5oxygen), whereby an Si0O, layer is forméd by
the imblantation of oxygen ions into a_single crystal

Si substrate, is currently the most mature method

' because this method provides excellent matching with an

Si process. However, since 10*® ions/cm? oxygen ions
must be implanted to form an SiO, layer, and as a long'
time is required for the implantation process,

productivity is not.high. In addition, the SIMOX

wafers are expensive, and, furthermore, have a

comparatively lafge number of qrystal defects. And as
for;induétrial use, the quality of the final products
is inadequate'for the fabrication of mihority carrier
devices. |

'3) A method whereby an' SOI structure is formed by

' dielectric separation, due to oxidation of porous Si;

'one by which an N-type Si 1ayer.is formed, in the Shape



[ernr] for exanple '
5-am no- 2- phenoxytri fl uoro- nethanesulfonanlllde 2- et hyl - 4- phenyl t hi o-
trifluoro - nethanesul fonanilide, 2 - nitro - 4 -

phenyl t hiotri fl uor onmet hanesul f o- andl ~de, 2 - methyl - 4 -
phenyl sul finyll'trifluoronmethanesul fonanilide and 2 - nethyl- 15 .

" 4-phenyl sul fonyl trifl ouronet hanesul fonani |l i de. The conpounds of
the invention are acidic in nature mhen R i s hydrogen.
Consequently, they formsalts, i.e. ounds of Formnul.a | wherein Ris a
cati on. oﬂhenphalaadeu@ncbh$ys wriaee 13 it txRel $Y %k%%%?a%?%s§§}ts
are generally netal, ammoni um ~and organi c am ne, salt ca _
prepared by t r esubstrate bﬁlEh$o%%P%%%ﬁ%BHWH§°§09r0t°no¥°¥%réim 3t ¢ mhlch

‘R i s hydrogen) mnth a stoichionetricall UI a
appropriate bas®lundér ﬁ?YﬁtEBnﬁF?VEBs' g g%%t§£y€%P?S 3F P¥e o
i nvention are

pot assi un), aIk%P?ﬁ@x%Q}tﬂrﬁgigg fac gpagﬁ??ﬁh?é}hlyga éﬂg*g?%%ygﬁgype
nagne3|un) and EiavéPgﬁrﬁ%ﬁfg%§BQ§%$§a gg éﬁgg&?éél Sréss as ot her

met al says such e base seinp eparlng the

et al Sablsalpekuds VR gh ¥ d5fucid 831 €Ray £REDSI718Tand 1s

blcarbonates ang
enclosed on the surface, and so that the N-type Si

island is dielectrically isolated by higher speed

oxidation. According to this method, the isolated si
10 region is determined before the device proeedure is

performed, and thus the deQree of freedom fer the

device desiﬁn is limited. |

| In Japanese Petent Application Laid-open No. 5-

21338 the present applicant proposed a new method to be
l$ used for resolving the above problems.

Wwith the method disélosed:in Japenese Patent
Application Laid-open No. 5-21338, which is a method
for the fabrication'of a semiconductor member, a member'
is.formed with a porous single-crystal'semiconduetor

20 region on whieh is pdsitiqned a non-porous single-
crystal semiconductor regien; then, another member, the
surface of which is an insulating material is bonded
to the surface of the non-porous single~-crystal
semiconductor'region; and finally, the. porous s1ng1e- |

25 - crystal semiconductor region is removed by etching.

. This method can be applied for the fabrication of

an SOI substrate, and is an eXcellent metnod by which



sal tis areg.al so prepared by cation exchange reactions (by reacting a salt of

ther 25° I nvention with an organic or inorganic salt in a cation
exange reaction). The organic amne salts include the salts of
aliphatic (e.g. alkyl), aromatic and hetero@yelic am nes, as wel |

as those having a m xture of these types of structres. The am nes 30
useful in preparing the salts of the invention can be primary, secondary or

tertiary - and preferably contain not nore than 20 carbon atons. Such
am nes include, for 30 exanpl e, norpholine, nethyl

cycl ohexyl ami ne, t@| setReak YRlY c@tCh eDAFEUS haing e'crY%h%%nlun1salts can
be prepared by reacting_the acid formw_.th the appropriate anlc

base or annDn|un?emﬁﬁﬁﬁﬂﬁﬁﬁprTﬁ@gbm%rﬂﬁﬁeﬁt?c%??yp%f%%%t%&WQ?%%ﬁfgséﬁ
generally the al kal | al kal fne earth, ammon amne s

A
O e su o’ ' SnloqRadetor #8al 88, £ ¢0ta il can, $8L SPindtiafe) fhke y

accept abl e, the one chosen. . ndi pg
1, 306, 564 has, for ex_mﬁf%, g 51li§gn activeslayer with a u?%form

'part'cu'ar §iS€ aeﬁla@agséhe 8&8“82&&518fa58fiéé£ﬂ85'8@ the soz
substrate of the method disclosed in Japanese Patent -

l Application Laid-open No. 5—21338, primarily_includes a
procedure for altering a single-crystal silicon ‘
substrate to make'it porous; a procedure'for

10 . epitakially gtowing a single-crystal silicon on the
porous silicon.layet;'a‘procedure for bonding an |
epitaxial silicon'film, which is formed on the porous
silicon layer, to another substrate by means of an
insulation layer:; aad.a'procedure for removing thel-

15 porous silicon layer from the boﬁded substrate so -
as to leave tﬁe epitaxial silicon layer on the
insulation layer. | |

As can be understood from th1s example, the above

- described method prov1des excellent product1v1ty,

-20 uniformity, control and economical operation for the
forming, on an insulation layer, of.an.Si single-
crystal layer of which_crystallinity_is as excellent as
a single-crystallwafer with the reasons that, according,'

- to this method, a single crystal silicon layer (actlve

25 1ayer) that constitutes the SOI substrate can be formed

| by a film formation technique such.as the CVD method,

that the bonding procedure is perfbrmed,'and'thatlthe



Theisaltgs.of the invention are frequently formed by reacting the precursors
in - - aqueous solution. This solution can be evaporated to obtain the
salt of the conpound, usually as a dry powder. In sone cases, it
‘may be nore convenient to use a non- 5 - 8aqueous solvent such as-

al cohol s, acetone, etc. The resulting solution is then treated to
renove the solvent, for exanple, by evaporation under reduced pressure.

Si nce many of the salts are water soluble, they are often used in
the form of aqueous solutions. Also, they can be used in nmakin
phar maceut i cal PP@Q&ASatSild-ﬁ-SJQTh Leyert dsmremoved byt sedgstiye edichdng o

adm ni stration. The conpounds of this invention wherein Ris
hydr-ogen (the a@h&'B&MﬂPSaﬁéllconidaYer in predsxeRcre toy thfo sdmi&ent

met hods fron1precursors [ ounds nat f§||ln Wi t hin t he

scope of For nul-§TFFtadd g%+é9ﬂm%ﬁ¢ﬁ¥ (@gtiyen 1g¥ette conpounds'of Formula |

o vt on by o RS RR BBRE e, BeBod et o 4

s E*iisalossetmn”%%&,amg YatlniC43D130050R Rosdegd e 2

' 5—21338 for further improvement, and-determined'that
the'manﬁfacturing costs can be feduced.' That is, the
method disclosed in Japanese Patent Applicétion Laid-

~open No. 5-21338 is pe:formeé excellently at a

10 laboratory level, and if, with this method, the costs
can be further reduced for the_manuféctu:e of
semiconductor members in large.fécforiés, this method
can contribute more to industrial development.

Ffém thié point of view,_the presenf inventors

'15 .discussed'the abové-method, and:agquired kﬁowledge that.
will enab;e manufacturing costs td be further lpwered
by taking into consideration the type of silicon
sﬁbstrate tbat is to.be altered and made poroﬁs.

The altering of silicpn (Si) td make it porous
20  will be explained. | | |
. An Si substrateiéan be altered and madelporous by

anodizatibn using an HF solution. .The porous Si layer
tends to.be formed in a P—type Si'layer rather thén an
N-type'Si layer for the folléwing reasons.

25' Porous Si was discovered_by Uhlir in 1956 while
studying.a process for the electrélytic grinding of a

semiconductor (A. Uhlir, Bell Syst. Tech. J., Vol. 35,



[ers] 3 where Qis a halogen or the OGS err]R err] grouping and
Rlerr], B, Ar, Y, Y, nand n' are as : previously defined. The
reaction is usually run in the presence of a suitable acid 20

acceptor, which nmay be an organic or inorgadi< base. Wien Qis halogen it

Is preferably 20 fluorine. A solution of the
appropriate primary arylam ne of Forrmula Il and at |east an -
_eqU|nDIar quantity of a suitable acid acceptor (such as dlnethylanlllne or
triethyl- amine) in an inert organic solvent is prepared. Anpng the
sui tabl e sol ven333ard1956)). digl yne, benzene di chl or.omet hane and
chloroform An equinolar quantity of the approprlate
f1 uor oal kanesul f oni ¢ URPg@R, d@toﬁlhalst'tﬂ'élﬁeéi éﬁt?edllts@qlh’é“so& FS35t1%Mhe
additionis advanta eousl carried oyt at - err rr but this
may be raised o 5479 uri Fization, r@@d pe; \ﬁhﬁg Qﬂg “he is of

| d | ]
tﬁ“‘?;n;?ﬁ";tv"ﬁom's o PetAi Y %grf hen gae g ehteadfy (Fss Oh Brd o e
30 ne{t{]:;t groﬁcmt eta'n%F fad f@ae%[tce%nst G 04 sigvd S .ated by

conventlonal exanp he reaction mXxture can be

extracted with ey 130ULOYS idRem. Soc. Qo&p > 47 A%eROys, extract

is then washed wth ordani’c solvents and treat charcoal to

remove inpurities. Sgisqouet aqixdin)ieali S¥FQfs tm aqﬁgeus extract with
m neral acid then affords the product as an bil ‘or solid which S

distilled, sublinmed, si¥y + 2HF - SiF, + H,

SiF, + 2HF - H,SiF;
10 or, | o
| 'Si + 4HF + (4-M)e’ > SiF, + 4H' + he’
| SiF, + 2HF > H,SiF, |
'where e’ and e~ respectively represent a positive hole _'
and an electron, and_nland A are respective pos1t1ve
15'r - hole counts that are.required to dissolve Sil atoms.
It is assumed that-When n>2o0r A>4is satisfied,
porous Si is formed; .
As a result, P-type Si that has positive holes
tends to become porous readily, while it ie difficult
20 to make N-type Si porous. The selection for the
altering of a porous.silicon substrate was proven by
Nagano, er alt, and by Imai tNagano, Nakajima, Yasuno,
Onaka end Kajiwara, Electrohic communication society |
study report, Vol. 79, SSD79-9549 (1979)) and (K. Imai,
25  "Solid-state Electronics", Vol. 24, 159 (1981)).
From observatlons made using a transmission

electron microscope, whlle a porouS'Si layer has pores



chr;omat ogr aphed or recrystallized as required to give pure product Wen

wat er - sol ubl e solvents are used, the reaction m xture can be
poured directly into aqueous m neral- aci ds. The product is then
i sol ated by conventional extraction techni gges and purified as
‘above. 40 The reaction may also be run in a closed reactor, and

~when this is done solvent is 40

usual Iy fluorine, although an acid acceptor, generally

triethylam ne,

is necessary. The tenperatures utilized depend on the

reactivity of theith an avemrsgs ahianetrrt obysdetsEl iens Camed@HErr] C.
and are generally 50 to 150[err]C Met hod B 45 Some of
t he conpounds ofhuridreds af iangstrons sol belpmgpintaingd tame ardndii i c

di spl acenent

hal ogen

reaction of a netal salt of an aromatic conpound with a
qyts a4 \andra Finoie wrRstal &l flaverwsan Qe

wherein-D is hal ogen (chlorine, brom ne or iodine) or a dlazonlunhgroup
or " -

(e.g.

‘10

15

20

25

epitaxially grown atop the porous layer. At 1000
higher, however, interior pores may be rearranged,.and
higher—Speed etching may be_degraded. For the
epitaxial growth of the Si layer, low-temperature
growth,.such as molecular beam epitaxial deposition,
plasma CVD,'decompression CVD, optical CVD, bias
sputtering, or liquid phase epitaxy, is preferable.

" Since many gaps are formed inside the porous
layer,_the densitf is reduced to half or less. As a
result, the surface area is drastically increased, uhen
compared with the volume,_and'compared with the normal
etching speed for a single crystal layer, the chemical'
etching speed'of the layer is'substantially increased.

By utilizing the above described feature of porous
Si, a bonded wafer can be fabricated.by_the etch-back
nethod, which is described in the previously described
Japanese Patent Application Laid-open No. 5-21338.

~.Procedures'for providing a porous silicon |

substrate.that is disclosed in Japanese Patent
Application Laid-open No. 5-21338 are listedlbelow:
(l) A P—type substrate is prepared and altered so that
it'is porous. | o
(2) A 1ayer having a low—impurity density is formed on.

‘a P- type substrate by a thin—film depos1tion method

not usually necessary and Q IS

45



4 ; 1, 306, 564 --N= Nerr]
Clerr]y, Mis alkali nmetal and Wis -0- or -S-, provided that when D
i s hal ogen, M can al so be copper and provided further that where Dis a

di azoni um- group, Wcannot be oxygenllThe follow ng three specific
.nethods are included within B. 5 Met hod B 1

5 [err] where Y, Y, n, n, Mand R err] are as
previously defined and X is hal ogen (chlori ne, ~ brom ne or iodine).

Sol vents used in the reaction are pyridine-quinoline mxtures or _
such as epitaxial deposition, and the P-type substrate

portion is altered so that it is porous.
(3) Ah N-type single crystal layer is formed by
implanted proton ioné into the surface of a P-type
5 subsfrafe, and the P-type portion_that remains is
‘altered so that it'is.porous. | |
In the methods shown in (1) through (3), a P-type
silicon subétrate is employedL In order to prodﬁce a
'large.quantity of uniformly porous silicon substrates
10 .in a large factory, a P-type silicon for which,the
resistivity value is strictly adjusted must be used
because ano&ization is performed by utilizing the
anodic reaction of the silicon,'and_a silicon substrate
‘for which the resistivity value is speéified is
1§ .comparatively éxpensive. If a silicon substrate can be
used rega:dléss of its resistiéity value, the |
manufactufing cost of, an SOI substrate can be further

reduced.

20 SUMMARY OF THE INVENTIdN
| - It is thérefore one object of the present
invention.to provide a method, for fabriéation_of a
semigonductor substrate, that is obtained by.improving'
the method discloéed in'Japanese_Patént'Application
25 - Léid-open No. 5-21338.
| . It is another object of the present invention to

provide, a method, for -the fabrication of a



di met hyl f ormam de. Tenperatures of 125[err] to 200[err]C. are generally
necessary to obtain 10 reaction. The reaction is generally run in the
presence of a base, which serves as an 10 acid acceptor. Suitable
bases may be organic, for exanple pyridinrei20r inorganic, for

exanpl e sodi um bi carbonate. The reaction tine is usually 6 hours to 3 days

and ext ended reaction peri.ods are frequently necessary to obtain
appreci abl e resul ts. M rnust be copper unless Y is an

.electron-wi thdrawi ng group, then it may be 15 an alkali netal. Wen M
i's copper the ssbmempndgcmpefsubbkya¢¢r|Mh@ge@wl¢bb|NQHUﬁHG¢uriBg M
Is an alkali netal, dinethylformam de is a suitable solvent. : The

t hi ophenol s, thpéﬁxﬁhthI§naﬁ@Is§Pb§t§ﬁ§ekﬁéﬂnbﬁnfuﬁ@héﬁéﬁﬁéupeﬂlterature
The substituted fluoroal kyl sul f onani dobenzene derivatives are known in the

‘cheni cal | i t ef&t dSeaRn@dditignads phdgcitnoSoibR RFESERY pat ent
68/ 4125, or can be repared by 2Q t he hogs de%@['bﬁd I n sald patent
fron1knomm st ar tPV§ tg provide, a m rgca _

5 a semlconductor substrate, that is approprlate for the

manufacture of semlconductor substrates in factorles..
The above objects are achieved by the present
invention, which is deSigned as follows.
- According ta a first aspect of the present
10 invention, a metﬁod.for fabricéting a semiconductor
substrate comprises'tﬁe steps of :
| employing a diffusion method to diffuse, in a
silicon.subStrate, an element, which is capable of
controlling a conductive type, and to form a diffused k
15 region; '
| forming a porous iayér in the diffused regién;
fdrming_a non-porous single crystal layér on the
porous layer;
bonding the non-porous single crystal'layer to a
' 20. base substrate; while an insulation layer is'provided
either on'a.surface to bé bonded of the non-porous
single'érfstal'layer of on a surface. to be bonded of
the basg substrate;_and | |
- removing thé pOrﬁus'laye£. 
25 - According to a second aspect of the present
linvenfiéﬁ, a method for fabricating a semiconductor

substrate comprises the steps of: .



[ersr] . where Rerr], Ar, Y, Y, n, and n' are as defined above and

Pis an alkali nmetal. This reaction is carried out by adding the
cold diazoniumsalt solution to the refluxing 25 . aqueous sol ution of
the al kali netal thiophenoxide salt or thgacarrespondi ng 25 :
napht hal ene derivati ve. _ Method B 3. [err] where Y, Y,
n, n", Rerr], Ar, Pand X are as previously defined. Solvents used in the.
30 ~ reaction are pyridine, quinoline, dinethylformam de and the IiKke.
Wien X is chlorine Y nmust be an activating group such as nitro.

~Cuprous chloride i s employiaiy ea clipf fusion methaghttad it ffuste tare reacti on.
The al kali netal salts nay be prefornmed or formed in situ

Tenper at ur es ofelenent?00fich G s eapaislel s catereidiing HEPIICHRti vity
of the . substrates. Extended reaction periods are sonetines
necessary. type, in a first surface of a silicon substrate and in
| | a second surface on a reverse side'of.the-first_
5 -surface,'end te form a diffused region;
"forming a porous_iayer in the diffused region that
is formed on the first surface; |

formingme non-perous sipgie crystal layer oﬁ.the
porous layer;

_10 t bonding the non-porous single crystal_layer aﬁd a
base substrate, while an insulation layer is provided
either on a surfsce to be bonded of the non-porous
single crystal laYer or on a surface to.be bonded of
the.base substrate; and

15 removing the porous layer.

The abeve described objects are achieved by the
present invention as eohstituted above. 1In the present
invention, aﬁ element that can control a conductive |
type are diffused by a diffusion method to form a

20 diffused region, ahd a porous layer_is formed in the

| region. Therefore, even when a silicon substrate for
which the'resistivity value-is strictly controlled is
not.used, thelsilicon substrate can be so altered_that
'it is uniformly porous. In_ether words, a siiicon -

25 .substrate having a low price and.fer which a
resistivity value.is not specified can be eﬁbloyed.

'Further, accdrding to a mode for forming a



35 i : Preparation of Conpounds of FornUIa | from Q her Conpounds of

Formul arl 35 Met hod C This relates to preparation of
t he diaryl sul foxi des and di aryl sul fones by oxidation -of the
di aryl t hi oei hers as foll ows [err] 5 - 14 where Rerr] A, Y, Y, n and

n' are as previously defined and mis one or two. Suitable 5
oxi di zing nmethods are well known to the art, for exanple hydrogen peroxide,
peraci ds ' - |
diffusion layer on both surfaces of a substrate, the
- bending that occurs during the forming of diffusion
layers can be reduced. As a fesult, a'satisfactbfy
bonding pfocedure can be performed, and the possibility
S that bonded éubstrates'will peel off is.substantially
reduced.  Therefore, the acquired yieid of |
_semiconductbr substrates is incréased, énd.the
ménufacturing costs fof the substrates can be reduced.

In addition, contact resistance that occurs when a

10 porous layer is formed by'anodization can_be_reduced.

BRI1EF DESCﬁIPTION OF ‘'THE DRAWINGS _

Figs. 1A through 1F are spééific diagrams

‘illustrating one example of a method according to the
15 present invention for.fhe_fabricafion of a
semiconducfor substrafe;

Figs. 2A throﬁgh 2H are specific diagrams
illustrating,another-gxample of thg method accordihg to
the présent invention for the fabrication of a

20" semiconductor substrate}

Figs. 3A through 3H are specific diagrams
illustrating an additional example of the method
.accdrding to_the presenf invention for the fabrication
of.a semiconductor substrate;

25 ' Figs. 4A through_4F afe specific diagrams
| illustrating a fﬁrthef example of the method'aécording

to the present invention for the fabricatibn of a



such as peracetic and perbenzoic acid, sodium netaperiodate and the |ike.

Metthod B - This includes the various ways in which Y and Y' are
changed in the conmpounds 10 of Formula |I. For exanple, conpounds
wherein Y or Y' is anmino are prepared by- 180- reduction of nitro
conpounds, conpounds wherein Y or Y' is al kanam do are prepared : by

acyl ation of am no conpounds, conpounds of Fornmula | wherein R is hydrogen
can be nitrated or hal ogenated on the phenyl rings. Wen Y or Y is
alkylthio it is ) readi |y oxidized to alkylsulfinyl or alkylsulfonyl.
Conmpounds wher eiSgmicenductor Eubstrafigfr oxy and R i s hydrogen are _
preferably prepared by sinple hydrogen i odide cl eavage of the

. A5 .
correspondi ng conmpoufdSfrerd FHFY '5ﬁf?§ﬁIﬁﬁﬁﬁlfaﬁéﬂl?QﬁamF i s
am no, it can be.converted to dial kyl ani no by known hods. Met hod
E - THitd YStEA e ﬁ%ﬁaﬁ%ﬁgﬁﬁa 3 q\%ioﬁel feothed in

compounds of FOLTIAAe to lend IS ASRAANGAN U WS Tl THINAAAR (5 2

cation) fromt h&%58 m Conpo has al read een scussed.

To preparegthe %&ngpggﬁ%gyh IA\REdherein Ris | ower al kyl

r. .
compounds of Fornula | erein Is-a nmetal ion, for exanple sodium

or -potassium are reaqlged gijth £ Pt i Hilddran MYs tHatiingy lordy om de or
i-odi de or : a dial’kyl sulfate in a non-reactive solvent such as

acetone. 25 | examplEHIOWE fHudith iphciddure WHNCIdarRbeS appliedr e
prepared by reacting the 25 : ' .
for the present invention; and
Figs. 7A and 7B are specific diagrams illustrating

10 a method for fbrmihg a porous silicon layer.

DETAILEﬁ DESCRIPTION OF THE PREFERRED EMBODIMENTS
A method according to the present invention for
'fabriéatiﬂg a semiconductor substrate ié as previously .
15 described. The most distinctive feature of the
fabrication method of the present invention is that,
after a diffused region is formed in a silicon
substfate by aldiffusion method, a porous layer is
formed in the diffused region. Based on this feature,
20 the present invention Will_be desCribed.in detaii while
referring to.Figs. 1A through 1F. |
-Example i: |
figs. 1A through 1F arelspecific diagrams
illustrating one exampie of the method of the present
25 inﬁéntion_for'the fabficatidh of a seﬁiconductor
substrate. First, an element_fhaf control conduction

are diffused in a single crystal silicon substrate



cor fespondi ng conpounds of the invention wherein Ris a cation such as
sodi um or pot assi um wi'th cyanogen chloride or bronmide in a
non-reactive sol vent. Conpounds of the . invention wherein Ris
al kyl sul fonyl are prepared by reacting = 16 - the correspondi ng conpounds
of the invention wherein Ris a cation such as sodi um 30 or potassium
with an al kyl sul fonyl chlori de. 30
Conpounds of the invention wherein Ris a [err] radical are prepared

by reacting the cqrr ondi_ng .c nds wher ei IS a cati th .an
acyl ating Eﬁg fF%@ ggﬁnﬁVaUSIPgrP]g%§f“Sl°ﬂh %ﬁé@ (FH9-R are

as defined here| bove and E .is halogen, preferably fluorine, 35

chlorine or bro €, or the residue of an anhydride, i.e. an acyl oxy group.
Precursors - | e flLuqQroal sul_f l.. .anhydr | i des
(for exanple chlorldes 3# Qe%ent ngghﬁgggy Sgﬁfu% g%preg % %%% m% '

conpounds of FOLTuehel o Sekfitin' 9e! 4213 basThy SAcome Mrsvfyy' ani nes

of Formula IIl. are a nown to the art, “or nmay b
by methodsswel | sopqwa g Eh%lﬁbhe gepatah! ¥ihYcbhe shedeehitan byl ulsitg a

correspondi ng : nitro conpound. Conventional reduction technlques
both chem cal a@dfFalsion methedl.l Even if a comparatively expensive
; single crystal s1licon substrate for which the
”resistance is strlctly controlled is not employed a
steady process for alterlng a silicon substrate and
10 make it porous can be performed, while a'difference
between silicou subStrates is reduced.
In the.present lnvention, an element that can
.control a conductive type and that is to be diffused
into a silicon substrate by the diffusion method are
‘15 those that are generally used w1th the semiconductor

fabricating process technique and, for example, those

shown in Table 1.

Table 1. Elemeuts which can coutrol conductive type

20 . Conductive Type Elements
n : ' " P, As, Sb
p , B

It is preferable that because of manufacturlng
25 | costs a dlffu51on method be adopted whereby elements

that can control a conductive type are thermally



‘kngqun to the art are used, such as iron in acetic acid, sodiumsulfide, and

nost : commonl y Raney nickel and hydrogen gas. The nitro conpound
‘precursors of the 45 conpounds of Formula Il are also known to the art,
or. may be prepared by well 45 - 17 «nown net hods, as descri bed

(thhpds (1)-(5)) and exenplified heréinafter. : [err]

diffused in a silicon substrate. Examples of such a

method are shown in Table 2.

Table 2. Element diffusion method

5 - Diffusion Method Diffusion Source Furnace
|Tube Opening Method| POCl,, BN, PH, | Diffusion
| | Furhace
Slusher Coating Glass Diffusion
' Furnace
Doped Film Use Doped Oxide (CVDPSG). | Diffusion
Doped poly Si . Furnace
Tube Closing Method| As (Solid), BCl,, PH, | Diffusion
| | ' Capsule _ Fufhgce

10
In the preSeht in?ention, a porous layer is formed
in the diffﬁsed region. 'The_pdrous layer can be formed
more easily in a P-type diffused region than in an N-
type diffused region. ‘Based on this, the technique fdr

15 diffusing B (boron) is as shown in Table 3, for

example;



where Ar; Y, Y, n and n' are as previously defined, Wis oxygen or sulfur

and X is chlorine, bromne or iodine. Although the reaction may be
run in the presence of a 5 base which acts as an accel erator and aC|d
acceptor, it .is preferabl carried out by. %g - prereacting the '

compound of Formula - V with base to forma salt, and salts of
I norgani ¢ bases are preferred. It is well known that such salts are readlly

pr epar ed, and they may be prepared in situ, or is lated. Most
preferred are salts of alkali netals, such as sodi um and pot assi um
or cuprous salt Sablleed3.W Bcﬂ:omxy!g@ﬁus;mmpe:ectmllmeare 10 not i sol at ed.

When al kali netal salts are used, dinethylforman de and pyridine are 10

preferred sol vefits. JE@BEH e an dl eghy on- donating substituent such js

al kyl or al koxy in the 2 or pésltlons relative to the nitr.o| group
and Wis 0XYQgen jueoydeinthinifmtutd-las. B 8- eyt € O
cuprous- chloridp | $#igudd Sourgeal \stBBr, Cuprous salts are

particularly useful for the preparfati on of 3-phenylthionitro- 15
benzene deri vat {ve g n’tnlb qa IS generarty not cirortne.
cuprous salts bSo]; éé #& %’r Ped sol vent m Xture is. quinoli
pyridi ne. . _
pyri dine ag sol yensoana prsbgaaed CVD FilmOrElse, tSppi apddfed Film
3- phenoxyni trobgnzenes. It is preflerred that X is brom ne or 1€
since hi gher yi¢lds pi€faktianned, Jal though when X is chlorine sone pfoduct
s 20 usual ly isol abl e. When Y is an el ectron-donatin
sul'stituent or L s 1
nitro group is the desired product it is preferred that Wis oxygen,

pyridine is the sol veptge %&Uﬁ@'tﬂ 't‘i'ié 't%d!'ﬁﬁ%ués show 3y Farand 3
sodi um sal t of t he

basically, an element that is supplled from a source is

he

10 diffused into a silicon substrate by us1ng a thgrmal
process in a "furnace".
For example, a diffusion method using a spin
coated film is pérformed as follows. L
A mixture coﬁsisting of an organic binder and a
15  solvent containing with B,0, is evenly coated on a
| silicon substrate (siiicon wafer) by using a spinner.
Thereafter, the silicon substrate is dried and annealed
to form a B,0, film thereon. Then, the resultant
silicon_substréte is placed in a furnacé'Shown in Fig.
20 6 aﬂd boron (B) is diffused by using a thermal process.-
| In Fig. 6, refeience numeral 301 denotes a furnace and
- 302 denotes a sﬁsdept@r. A B;g film ié coated on one
of the surfaces.of a silicon substrate 100. A thermal
process is performed on the silicon substrate 100 by
25  the device shown in Fig. 6.at 900°C to 1300°C, and

boron (B) is diffused into the silicon substrate 100.



conpound of Formula IV is prefornmed. 25 Met hod (2) .

25 . d [err] where Ar, Y, Y, W W, M n
and n' are as preV|oust defined, provided that M is- preferably
copper in the cuprous form Wen Y is an-ellt+on-withdrawi ng group M
may be an alkali netal, but in all cases it is preferred that Mis copper
and X is 30 brom ne or iodine. A cuprous catalyst can al so be used.
30 ' Met hod (3) [err] :

In this case, a diffused region is formed not only in
the face whereon the B,0, film is deposited but also in
the reverse face by using, as a source, a B,0, film that
is formed on another, adjacent silicon substrate. It
5 | .is'very convenient for a diffusion.layer to be formed
'on'both.surfaces of a silicon substrate because the
resistance when in contact with an HF solution can be
'reduced in a porous formationpby'anodization._l |
In the present invention; while taking into
10 consideration the porous formation process and the
characteristicstof_an epitaxial film, which is formed
on a porous silicon layer, the concentration of the
'element that can control a conductive type and that are
' contained in a diffused region generally falls within a
15 range_of 5.0 x.10“/cmﬁlto 5.0 x 10%/cm®, or preferably,
a range of 1.0 x 10ﬁ/cmﬁ to 2.0 x iom/cnﬁ, and most
preferably, within a range of 5.0 x 10/cm® to
1.0 x 10®/cm®. |
The thickness of the diffused region that is
20 formed with the present inVention can he controlled by
adjusting the temperature and the period of time for
the heating. The thickness of the diffusion layer is
fgeneraily 100 A or greater, or preferably, 500 A or
greater, and most preferably, 5000 A or greater.
25 However, since the porous formation process that is to
be performed after the formation of the diffused region

'advances easily over the diffused region, the diffused



where A;, Y, Y, nand n' are as previously defined and P is an al kal

nmetal . « Met hod (4) 35 The conpounds of Fornula Il wherein Bis
a sul fonyl or sulfonyl group can be 35 prepared by the oxidation of
the nitro, conpounds which are precursors 284 <onpounds of Formula I
wherein B (or W 1s sulfur. This oxidation is done using conventional

met hods: 'such as hydrogen peroxide or sodi um netaperi odate. 7

1, 306,564 Method (5) : The nitro conpounds which are precursors
of conpounds of Formula Il wherein - Bis a sulfonyl group can be

prepar ed by therdgiemethat aissfernedi bn BRTIBIVRGR:t
Although, in Fig. 1A, a diffusion layer 101 is

" formed on on;y one surface of the silicon substrate
100,'the diffusion layer 101 can be_ferﬁed on both
5 surfaces of the s111con substrate 100.
Basically, for the present 1nvent10n any type of
~single crystal s1licon substrate (silicon wafer) can be
adopted as a silicon substrate on which a dlffu51on
layer is formed. However, when the purpose is the
10 fabrication of a semiconductor substrate at a low cost,
- it is preferable that'there be employed a comparatively
inexsensive silicon shbstrate, for which a resistance
is not designated; a”monitor wafer, which is employed
for an IC process; or a.sofCalled reproddced wafer,'the.
15 surface of which is so polished that the wafer can be
used again in an IC process;
In this inveqtion, a porous layer is formed after
the diffusion layer_is formed.
A nen-porous single crystal silicon substrate
.20 (silicon wafer) can be.alteredltd make it porous by
anodization. The obtained porous silicon layer has
ymultiple bores with an average diameter of about 50 A
‘to 300 A and maintains single crystal structure.
Referring to Fig. 1B, a porous layer 200 is formed
25 in the dlffus1on layer 101. ' The entire diffusien layer
'101 may be altered to make it porous, or as is shown in

F1g. 1B, a part of_the diffusion layer 101 may be



[err] 5. The starting naterials'necessary for use in Methods (1),

(2, (3), (4) and (5) are 5 - _ known to the art and are in the
general chemcal literature. A wide variety of acylating
agents of Formula Il'l can be used in prepaRilng the conpounds of the

i nvention, including acyl halides or anhydrides or hal oformates.

These conpoundl s are either available directly, or in the case of certain
chl or of or mat es 10 are easily prepared from phosgene and the appropriate
al cohol . 10 As -not ed previously, the
conpounds of themifkesk (519 fthien giopesker biThedeatine diffusiop,kayet al so
antl-lnflannatory agents. Further, sone are anal gesic and antl-pyretlc
agents and some 104y &k aner paFE ©of ies £dd 1800 SHPSHIRS mAY% P

Conpounds .of the i nyenti wherein B is oxygen are generally mor e
active as anti- GHEIRRES Q%Fj£&§y TR GESi'c agents, nost partlcularly

those i n whi ch Rlerr hfcc(i'ﬁ'lt }%ﬁe%%e ool 9:?1'& %tooo tJoh%ma]t?.on need Aydrog

or a pharmaceuticall tIon"an Sone

compounds ¢f the gy eRidn i 38 S galn%fart%ea@u gg.oaf oy G ot s

initiators“for cer rlzatlon the per rivatives

bei ng particul aéﬁﬁg of the SHfdtratd. thhﬁler e9i%e \éﬂq&c% usatbeddie

canpounds are m xed w th the nmonomer or . prepolynmer. Suitable
- TONOMEr s I ncl udqogoq;gydq,@@;,dal@gd et her m)norrers The rate

The method for formlng a porous s1licon layer will

' now be described while referring to Figs. 7A and 7B. A

10 substraté 600; on which a diffusion layer is formed, is
placéd-in a dévice shown in Fig. 7A. More ' _

: specificali}, the face of the substrate 600 on whibh
the diffusion layer ié formed contacts a fluoride
solution 604 whereln is positloned a negatlve electrode

15l. 606. The other 51de of the substrate 600 contacts a
positive metal electrode 605. For another setup, as is
_shown in Fig. 7B, a positive electrode 605' may also
acquire an electric-potehtial via a'solution 604°'.
Enriched fluoride (49% HF) is'géderally used as thé

20 fluoride solution 604. Iﬁ_is not advisable for a

~ solution to be diluted with pure water (H,0) because
étching dccurs'at_a_specific—concentration of_the

" solution, depénding_on thé“strength of the current that
flows through it. When bubbles arelgenerated at the

;S k sufface'pf the Subst:atg 600 durihg the anodization;
alcohol can be added ds a surfactant in order,fo

‘efficiently remove the-bubbles. Such alcphol cah be |



of seaction and the degree of polynerization varies depending upon the

t enper ature at which the polynerization is carried out and the
reactivity of the nmononer, and heating of - the pol ynerization
reaction is generally utilized to obtain-a2aster pol yneri zati on
rate. 25 The herbicidal activity of representative conpounds of
-Fornul a | has been 25 determ ned using screening tests agai nst
-experinmental plantings. Both pre- and post-- energence activity are
determned in a direct screen against selected weed species. The

fol l owing weed Mefhanal.alet f @rapanqle Q% isopropanol.  Fugzthals:a 30
G ant foxtail (Setarla faberii)

30 stirmigc favd of a8y (b&msfﬁsmrtﬂﬂqﬁ%ébfaﬁ .%urfactant to

Crabgrass (Di gltarla I schae ackgrass, (Agropyron
repens) &%@Ré&r §5’°dlzat1°n‘ % r%ﬂ?:to‘ Anar ant hus

retrofl exus)

P_ur.'sl ane _(Portufc:]f‘iﬁré’rdf e6686 is formed of a mé\mr&'%st uch (aE’T'rz?sm ca kaber)
ch_i rornt g gl O(rPXJ)( %n\bcla“éinlﬁn qrﬁ@ﬁs'@at results corrosion in a

fluoride solution. The pOSitive electrode 605 is
formed of a common metal_material. Since the fluoride
solution 604 reaches the positive electrode 605 wnen
anodization- for the eubstrate 600 has been_completed,'a
10 metal film that fesists corrosion_in a fluoride
solution should elso'he coated on the surface of the
positive electrode 605. The maximum strenoth of a
current for anodization is several hundreds_of,mA/cmﬁ
_ and the minimum can be anj strength except zero. This
15 current strength is determined for a range.within.which'
 epitaxial growth of Qood quality is.available'on'the
surface of the porous silicon substrate. Normally;
with e large ourrent sttength, the speed of anodization'.
- is increased, and at the same time tne.density'of the -
20 porous silicon layer is'redncedt In other words, the
internal volume of the pores is increased. The
condition of the epitexial.growth isrthe:efore varied.
In the present invention, wnile taking the |
characteristics of an epitaxial layer and the
25 manufacturing costs 1nto account, the poros1ty (pore
volume/(remaining 51licon volume + pore volume)) of the-

porous.silicon layer_is'generalIY.SO% or less, falling



The=test,chem cals are dissolved in a small amount of acetone or other

sui+t abl e 40 solvent and then diluted with water to give a concentration
of 2000 ppm Fromthis 40 concentratioh aliquots are diluted to
give a final concentration of 500 ppm Ei-gi23y -m . of this solution

are added to a 6-inch pot containing the weed seeds to give a concen-
tration equivalent to 20 I b./acre. Al subsequent waterings are nmade from
thée bottom : Two pots are used per treatnent. Data are taken two to
t hree weeks after treatnent 45 and recorded as percent pre-emergence
kitl for each spxgferawpaed ttangde AUntrediefd0¥%s and most praterablyone
screening is done at 40 Ib./acre. . To assess post-energence
activity, the sdfk aw@ngs @tirt& & 3% 4 owed to grow from2 to 3

aves 1-1/ 2. i nches taiIOn-TEyPuR ¢ LI 5 P RRea e (%8 0 Chchhds. or
0000 50 e e d e S Uns G S ] AROSPT
v ol e L A B g U ige g semuddfafeg vecies.
e e, R 54 47 0 IFS RS UeSrer R o comaE et etk
' crystal growing method, such as the CVD (Chemiqal Vapor
Deposition) method, the MBE (Molecular Beam Epitéxy)
method or the bias.sputteriné method, can be adopted.
10 Theh, an insulatién layer 103 is formed on the
| surface of the epitaxial laYér 102'(Fig, 1D). The‘
insulation layer 103 can be formed of a deposited film
(e.g., Si0, film or Sign film) using the CVD method, or
can be formed by thermal oxidation of the surface of
15. the épitaxial layer 102. Tﬁe formation of the |
insulatidp layer 103 on fhe epitaxial layer 102.is'so
effective for the next procedure, for'direétly bondihg
the epitax;al layer 102 with é base subsfrate; that it
is possible to reduce the instability of the property
20 of a thin film device, which is caused bj the
| segregation of impurities on the bdnded surfaces and by
the frequént oécufrehce_of dapgling bonds of the atoms
on1the éurfaces,'both of.thesé phenomena tending to
occur during the bonding'proéedﬁre;
25 The3procedhre.fof forming the SiO, film 103 on the
epitaxiél layer 102_is not a required procedure. If a

device is so designed that the above phenomena do not



8 s 1, 306, 564

8 - ~  However, many of the conpounds of this invention also show
vari.ous type of plant - grow h nodi fying activity. Plant growth
nmodi fi cation as defined herein consists of 24 |- . deviations from

nat ural devel opnent, for exanple defoliation, stimulation, stunting,
retardation, desiccation, tillering, dwarfing and regulation. This plant
grow h nodifying 5 activity is generally observed as the conpounds of
_the invention begin to interfere with 5 certain processes within
the plant. If tHRRGPHE RRRRENS, CRAS HRCRAUTS &Y KR I TeRA | f

treated with a fficient dose of .the_c ound.. However, .the.type of growth
nodi fying sALi%"f tvl%ﬁecgvéal@ﬁr ?@5 ﬁﬁﬁﬁ&st ?Se?nof‘nﬁ’é’r?t 39t has -
been found that w certaj : oqug f ' ' i ci dal
activity can be j_é%{)(% a‘iecga%a%rposrglces‘r‘fbasl n desira gﬁ%méﬂgggvéjﬁé}m“ﬂﬁgi ng

activities by C%;%’]l'{,'étlg %?%eqe%g'&@Lglﬁaféé@"oﬁor{@réf%@r i nterest

10 is the sonme. conpounds of the invention to give

tobacco suaker cQidtatedlithat are tdROIBBHIEY, Sard MHetd dR€ wdiidws be
desirabl e and.useful, since the ctontrol of : t obacco suckers

i ncreases the usdads Vicy¥ E¥midp tdagtuldtivn 18yer desrhiabimswidition
useful activity is present in a particularly high degree in -
2- et hyl - 4- phenyldyamtis fiatoriinitted to rai s abkemrani | i de and-
2-ni tro-4-phenylthiotrifluoromethanesul fonanilide. - 15 :
Sonme of the conpounddihen tdweidaiicon iio-perficernestn drowkide Diclpaeedul arly
only.be thick enough not to be affected by -
10 contamination from air that is absorbed by the bonded
surface. '_ | |
Prepared separatély from the substrate 100 that
has an epitaxial face of which fhe surface is oxidized
is'a sﬁbstrate 110 that.has an Sioz layer 104 théreoh
15 and that serves és'a,base substrate. The base layer
110 is a silicon subsfrate, the surface of which is
oxidized (including by thermal 6xidation), é substrate
of quartz glass; a substrate of crystallized glass, or
an arbitrary substrate on which S$i0, is deposited. A
20 silicon substréte_on whiéh,fhe Si0, layer 104 has not
been formed can also be employed.

Thé two prépared substrates are washed and boﬁded
togethér (Fig. 1E). The waéhing process for them is
performed in consonance with a procedure that is used

25 for washing ordinéry_semiconductor substrates (e.g.;'

before oxidation).

By applying pressure to the surfaces of the



effective in controlling nutsedge (for_exanple Cyperus escul entus and-

Cyper us‘rot undus) speci es. Nursedge is considered one of the major
weed pests of the world. This weed "is resistant to nost herbicides,
and has beconme an increasingly severe preb2emr It is a 20 particularly

severe probl em when ot her weed species are controlled by herbicides and 20
nut sedge becones the dom nant weed. It was unexpected to find outstanding
cont rol of nutsedge in the conpounds of the invention. Conpounds of
the invention wherein Bis sulfur, sulf|n¥ or sulfonyl, R err]
is CFlerr], R iSubg&reses, vhenathsy sre| bppfled toge hﬁranﬂhﬁ'bﬁﬁnggro or
one, Y and Y' are |lower alkyl or halogen and the fluoral kyl- 25

sul f onam do groEErP§95P|€ﬁPeHenéPSrSP ®far a to B are presently preferred

08, 1 Sonpouns AEBEHAS, AEbhLLb)1g, gersornea off EREbbYaBA 1" 0

conpounds o]

3- Ph | sul f I h I '
s B oy . o

2- Met hoxy- 4- phe nyktri r f onani.Li ; '

30 9 P aRéeRiorE &) P pERpRRATaLe PRoPELkdPante  with o

2- Phenylth'Otr'%EHBEEHEEQén%ﬁHtfanakbegguvely high, the constitution
3- Phenyl thiotrifluoronet hanesul fonani|ide

4- Phenyl t hi ot ri eughanpbpaingsubiepanoli nay Be altered and impurities

-4- Phenoxyt ri f1 uor onmet hanesul fonani | i de,

35 _ - that are contained in the substrates may be diffused to
the epitaxial layer. Thus a temperature and a period

10 _6f time must be selected for the heating that eﬁsure

- these phenomena'do not occur. Specifically, 600°C tc
1100°C is preferable. A'tﬁermal process, however, cah

- not be performed for some substrates. For example, the _
base substrate 110 composed of Quartz glass can be |

15 heated'only to 200°C or iower because a coefficient of
the thermal.expansion for'quartz differs from that of
silicon: When the heating temperature exceeds 200°C,
the boeded substrates are peeled away from each other
by stress or they are broken. It should be noted,

20 ‘however, that the thermal process need cnly provide
sufficient streﬁgth.to reslst the stress that occurs
dgring the grinding_or the etching of the bulk sllicdn
'100, whicﬁ is performed'at the fcllowing procedure.
Therefore, if the'ccnditioh for processing'the surface |

25 for activation is optimized,;the thermal process can
even be performed at a temperature of 200°C or lower.

Then, the silicon substrate 100 and the porous



2- Met hyl, - 4-phenyl sul finyltrifluoronethanesul fonanilide,
5- Chl or0- 2- phenoxytri fl uor onet hanesul f onani |l i de,

. 4- (4- Acet am dophenyl thio)trifl uoronmet hanesul f onani |l i de,
2- Met hyl - 4- phenyl t hi ot ri f | uor omet hanesul- @&$ani | i de, 40
- 2- Met hyl - 4- phenyl sul fonyl trifl uoronet hanesul fonanilide
4-Phenyl thio-2-nitrotrifluoronethanesul fonanilide,
g-PheRy:sulfonyltrifluoronethanesulfonaniIide,

- Met hyl - 3-phenyl thiotrifl uoronmethapesulfonanilide, . .. - .

2 Phenyl sul £ i nylaYST | 207 (HER HERRRYRY. AT, > epltaxial layer 102 is

2- Met hyl - 5-phenylthjotrifluoro hangsul.f pnanilide,
452_ . |3 - W%@I;%T t-ﬁe% ugfrbr’?étﬁ%r{‘é%rtﬂ?%’na%ﬁl?iﬁl, S ek e hoxy
- - methyl - 4- , , ph | f [ i lide,
EI—'Car belt hoxy- 2 GRR 7 R HRDS Tt hﬁg{ri&% u%?%%% h%%\%ﬁs)%: #on-anl i |%q¢:aé.oml e
or applicatio t C Sy i Sl : '
~.suspended i-n S&éé) Qé%y&%‘f-é?%% ﬁsua atheg%%]'b(?rue%'l gﬁkél/n%ﬁé%‘?f?oﬁ?dg%?eadi ng.
agents, t'”9§%9§85§1s§$éf¥568 is ®9t requiredgents or other adjuvants

e

can be added as sired. Dry powders, as such or diluted W th inert
materials such as di atQEPEEAYSLE2EhE, pesent kanvart bon ysetchsndusas for -
this _ pur pose. The preparations are coated on the plants or the -
ground i s coverggepbidbpycbe employedes eabectivelyl removesar pdrous
Application is made wth the usual sprayers, dust guns 55 . and the

| i ke. ApplicatiDayent esanaretehifgSagenf0ispsfoncexanplgenanabrdbneryn

be- - - 55 ~ increased or reduced according to individual '

‘ci rcunst ances OSiueeching_solution, hydrqgen fluoride for selective
10- etdhing of porous Si, a mixture consisting of hydrogen
fluoride and, at:the least, either alcohol 6r_hydrqgen
peroxidé, buffered hydrogen fluoride, 6r a mixture
consisting.of buffered hydrogen fluoride and, at the
least, either_alcohol or hydrogen-peroxide. Since the
15 ~ porous Si layer hés a large surface area, it can be
. selecfively etched evén with an ordinary Si etching'
solution.
Although:the layer 102 is regarded'as an epitaxial
“silicon layer in the exaﬁple shown in Figs. 1A through
20 | 1F, the layer 102 cén be formed of a single crystal
| .compound semiconductor, Suéh_as the II-VI.family or
III-V family, and such a compound semiconductor layer
can be laminated over the epitaxial layef;
:i In addition, the following prddedures caﬁ be added_
25 . to the abové explaiﬁed procedureé.
(i)_ Peroxidation of the interior.walls of'porés in.a

porous layer



The= antis-inflamuatory activity can be conveniently denonstrated using
assays designed to test the ability of these conpounds to

ant agoni ze the | ocal edema characteristic of the inflammtory
response (rat foot edema test) and to inhki @7t -t he onset of the erythematous
mani f estati on of inflanmation (guinea pig erythema test). 60 .
Leading references to the rat foot edema test are: _

1, 306, 564 9 R

- Adanki ew cz et al, Canad. J. Biochem Physio. 33: 332 1955;

2. Selye; Brit. Med. The palip petypen jacent P°res in a porousy 1% er,
Proc. Soc. Exper. Biol. Md. 111: 554, 1962. - : Leadlng
references to tl"i'é'eleet’Fé’atﬁlé"ersﬁV}?éﬁ&' {Wsto, sgveral tens og:‘ nm. 1.

and

g oM SEMMClhie FSoess’ furitd aPiih TRE PR IevER e ARRtEl o1,

1958. a high temperature, e.g., in the process for forming an

5 epitaxial silicon layer or in-the'process for thel
thermal treatment of the bonded substrates, pore wails.
become cohesive and rough and close pores, and as a
result, the etching speed is reduced. A thin oxide
film is therefore deposited on the pbre'walis after'the

10 poroué layer is formed in order to prevent the pore
walls from becoming'rdUgh. However, since-it is
neceésary for a non-porous single drystal.silicon layer
to be epitaxially Qrown on the pprous layer; only_the
surféce'of thé inféripr walls of the pores in the

- 15 '_.poroﬁs layer must be dxidized,-sd'théf the insidéfof
the pore walls a singlg'crystalline strﬁcture is”
maintained. It is preféréble that an oxide film.be
 several A to several tens of A. An oxide film having
that thickness is formed by heating process in an

20 okygen atmosphere at a femperature of 200°C to'700°C,

prefe:ably 250°C to SOOEC;
(2) Hydrbgen baking brocess
The present inventdrs stated in European Patent
Publication No. EP 553852 A2 fﬁat minute roughness is

25 rémoVed from a silicon surface by heating the surface

.in'é hydrogen atmosphere, and as a result a very smooth

silicon surface can be acquired.'_Baking in a hydrogen



Anal gesic activity has been observed in standard test nethods such as the
Randal [:- Selitto and phenyl qui none withing tests.
Anti-inflammatory activity may al so be detected by assays
known to the art such as the cotton pelPe@agranulona and adj uvant

10 arthritis test

0 =~ : The conmpounds are adnini stered orally, for exanpl e
.az four percent acacia suspensions but may al so be

admi ni stered parenteral ly. Amunts, are gener 1
to 500 ny./kg. VMERREIRIGH rm‘lﬁ rﬁﬁﬁa‘l {ﬁog%re eé}recfent

15 "o L%mﬁ”rﬁ%eﬁ”e%-i?t Em%oegé*‘ebéﬂved“d%e% EdEIRPCT Lo anti-

15 he i L
5- Ani no- 2- phenc&y’f 1?“fetfg'rorna haneéjjf% nan‘EEP;:ed‘J'}fwe‘p%rilc;dy@ill&?n rayer |
3-Phenyl thiotrigfd %ﬁ?%%& 'théjeepltaxlal silicon la 0er is

5- Hydr oxy- 2- phenoxyt uor onet hanesul f onani | i de,

- 2- Phenoxytg i f I ugs.Qreed h%%é&r@mé iKle, performed on an SOI substrate
20 '5-Chl or o- 2- phenoxyt ri f1 uor onet hanesul f onani | i de,

5- Met hyl - 2- pheﬁﬂ%&érié|¢K¥é&ﬁédﬁﬁﬁﬁé&ftﬁéﬂﬂdrdhs silicon layer is
4- Am no- 2- phenoxyt ri f uor omet hanesul f onani | | de,

'2-(4' - O or ophenssngded fby ostdiei fignesin fetmmmydrtsgen baking m?bcess

~4-Ni tro-2-phenoxytrifl uoronet hanesul fonanilide, "

25 that is- Mmmdllﬁéfmenmmaimsuﬁitmmmf ithe. epxtaxlal
| ' sillcon layer, a phenomenon occurs whereby the

.10" outermost surfaces of the pores_aresclosed by the
migration of silicon atoms, which constitute the
surface of a porous silicon layer. When the formation
of the epitaxial silicon surface is performed while the
outermost surfaces of the pores are closed,_the;

15 obtained epitaxial silicon 1ayer'has fever crystal
defects. In the hydrogen baking process that is
performediafter the porous.si}icon layer is removed by
etching, the surface of the epitaxial'silicon.layer
Wthh is more or less rough as a result of etching, is

20; smoothed and boron in a clean room that is inevitably
absorbed by the bonded surfaces during the bonding
process can be evagorated; _. |

One'enample of the method of the present invention
for fabricating a semiconductor substrate has been

25 explained while referrlng to Figs. 1a through 1F. The

-other examples where structures of members to be bonded

differ will now be explalned.



5- Am no-2- phenyl t hi otri fl uor onet hanesul f onani | i de,

3- (f4' - Met hoxyphenoxy) tri fl uor onet hanesul f onani | i de,

4-Ni tro-2- phenylthlotrlfluoronethanesulfongglI|de ' 30

2- (4- Chl orophenoxy)-4-nitrotrifluoronet hanésulf onanili de, '

30

5- N@thyl 4-nitro-2- phenoxytrlfluoronethanesulfonanlI|de

4-Ni't r o- 2- phenoxydi f | uor onet hanesul f onani | i.de and the pharnaceutical ly
acceptable salts of these conpounds.
The-anti-nicrobléﬁ §€t|V|ty of the compounds is evaluated using a variation

of the 35 n‘H:!aQ{jﬂ@Gs?iﬂﬁng@rﬁtﬁg@.f A4S QR 2 Gf11 feent and

Vincent (e.g. see Vincent and Vincent, Helen

W, Proc. Soc. lyplaiddddl - 1Hd sanie rH¥erbitbe Hifbraldl ddAre used in
B. D, and Mngioli, E- S, J. Bac. 66: 129-136, 1953.

The fol I ow ng exagy eaparmz@ugen Ifrolard@l@e e dn Ridsherza ldhisgugh | ng

t he procedures of the present invention, but are not

i nt ended, . i5n anﬁmzebp demdte |daririésppnding or 1d&xt1calorcdnipmnmmm t her eof .
Thus, mhlle the great mpjority of the exanples relate to trifluoro- 40

met hanesul f onamadashoughherdinf [ther @dampleyshapdr dan Figssulddt ithaoagh LMl ace
t hereof . Al so, to avoid unduly multiplying the exanples
whi ch have beenthﬁe&nﬁuiatiqnIhﬁmanﬂei&mk layers) 103 and 10#nagetion, the
exanples will relate for the npbst part to conpounds. in which Ris -
hydrogen. It is fqr@wei/an %@teﬁm%%ts‘&l}f@% ks phed ity ehsdinaies n
which R - is a cation are also easily prepared and are -
|i kewi se cont emﬂhﬁte@re&}'@n Reo ssiess f@qeth,gg, the insulation lajfmch R s
a-cation) e al so usef s, her bi cL Lting nt n_the ex npl es
are uncor rlZ)(r:t ed.(Orfe 'b(ﬁgﬂzg J'fioT‘ﬂ# Hﬂyﬁef?ﬂ'}ﬁd oR%bBEh surfaces, nd )
.'need only be formed on at least one ‘surface. In this
example are shown a structure (Fig. 2D) wherein the
surface of an epitakial siliconllayer 1102 (Fig. 2C),
which is deposited on a porous silicon layer 200, is
15 . bonded to the surface of an insulation film 1104 (e.g.,
an oxide film), which is formed on a silicon subsfrate
1110; and the structure (Fig. 2G) where the surface of
the insulation film 1103 (Fig. 2F) (e.g., an oxide film
formed by thermal ox1datlon), which is formed on the
20  epitaxial silicon layer 11Q2, is bonded to the silicon
'substrate 1110, the surface of which is not oxidized.
In this ekample, the other procedures can be'performed
in the'same.manner as is shown in Figs. 1A through 1F.
Example 3: |
25 ; An example shown in Figs. 3A through 3H will now

be explained. The same reference numerals as are used

in Figs. 1A through 1F are also used to denote



poisnts are given in, degrees Centigrade and the pressures in mllinmeters of

mer cur y-. Exanple 1 relates to the preparation of

conpounds of Formula | by Method A 50 .

Exanpl e 1 _ - 30 - 50 - _

A m xture of 3-thiophenoxyaniline (20.0 g, 0.099 nole), triethylamne (15.4

m ., 0.11 nole) and chloroform (125 nl.) are treated with
. trifluoronethanesul fonic "~ anhydride (16.8 nl., 0.10 nole)
~during a ninety mnute J.0od un ogen '

der a .nitrogen .
at nosphere. Aft SPTEESPONYNG & ﬁ‘iﬁ%ﬁ?sl tc%‘f‘Pﬁé’lePé:ﬁ hy&o &fadure &f d
(150 M) is he chl grof,ormis renoved in zvacua.

The residue is Fgﬂ'g‘ne&%%'ipr}et g‘%d%&%é%nﬁtdg S ma?:e.rlal,. Sucli’-assgd'ialﬁﬁ
o8 257, Bigkn, bR gyl i AREG M U1 b et and L e
| ayer with ' (Figs. 3D and @bﬂth%hE%EPQE E% B%lb%Wﬁgdb¥odEY%G%s%&ahQF
et her layer- over -magnesi um sul fat'e. Fracti onal _
distillatign yi ebds (#igeengtct Anar 3F)UenO R kaNesULhoBpdithikd81 Rif4con
174C/ 0.15 mm , 60 m p. 56.5-58[err]C
60 film 101. In this example are shown a mode (Fig. 3D)
| where the epitaxial silicon layer 1102 (Fig. SC) is
 bonded to_fhé glass substrate 1216,_and a mode (Fig.
3F) where fhe‘insulétion fiim 1103 (e.g., an oxide film
- 10 obtained by thermal oxidation), which is formed on the
epitaxial silicon layer 1102, is bondéd to the glass
subétrate 1210. In this example, the other'p:ocedures
'can be performed in the same manner as is shown in
Figs. 1A through 1F. |
15 _ An examplé for'forming_a diffusion layer on both
'sides of a single crystal silicon substrate will be
explaingd;
Example 4:
| This examblelwill be explained while-referripg to
20 Figs. 4A through 4F'and.5A through 5F.
In this example, first, a diffusion iayer.(e.g., a
+P-type léyer) 101 is formed on a first surface of a
'single crystal silicon Substrafe 100, and on a second
- surface that is 1oéa£ed on the reﬁerse side'(Fig. 4A7).
25 : Then, the diffusion layér 101 on one side is
altered and made por;us to pro&ide a porous 1aYer'200

(Fig.'4B). The porous layer 200 may be provided by



10. . : 1, 306, 564

Anal ysirs: ' Cal cul ated for
Cerr]Herr]F[err]NO[err] S[err]: C 46.9; H 3.0 .
- Found: C, 46.9; H 3.0 ' ' The-f 8Ll ewi ng conpounds are al so

prepared using general Method A1 5

-3-(2, 3-di net hyl phenoxy) trifl uoronet hanesul fonanilide, mp. 62-63[err]C

5 3- (4-chl orophenoxy)trifluoromet hanesul fonanilide, b.p.

- 156C.70.19 mm -

- 3- (3- chl or ophen@lFpming Hyeo eRtiase segionamifl ithe, ddffusionclayers 1GH
3-(2-chl orophenoxy) trifl uoronet hanesul fonani lide, b.p. 1560.06 nm_.

3- (- met hoxyheno¥p) ke ddr o P8t PXhaedrtadadirg fbe giffusisnedaver; 3035 mm
10 o 3-(3-trit|uqrog&%@@ %henoxy)trifluoronethanesulfonaniILde, b. p.

ed and 1s made porous, as 1is shown in

158C./0.23 nm ¥hgn it is | po . 1
g A GRSRBIo) A PGIPoREVRAAL FERBRERANTET b, .
5 il or o 3%phend ST %o EndeRIRES OF ShEnPPEGYS Aeyem200,(EA8.40)s
55T o702 BNen gkl A pSRAIe b ORAE, A $0058%e | oo
3'phen0thriflUQEE%EEP%EE%HHHQB%Dj%bﬁecah-Bls%nge@bkﬁehocg5d“@gmpound_ '
| semiconductor material, such és'the Ii-VI familf or the
III-V_family. The surface of the single crystal
10 semiconductor layer 102 is bohded to a base substrate
| 300 (Fig. 4D). The base substrate 300 may.be provided
by forming‘an insﬁlatibn layer 104 on a_silicon
substrate 110, or may be fo:mgd.of'a sole.transmiséioﬁ
glass substfate, a_non-transmission sole insulétion
15 member, or a lamination of them. In short, the base
| substrate 300 need only be a substrate on the'sﬁrface
of which is formed an insulation material. The
specific bonding'means_emplofed is anode bonding,
préssurization, heating, or a coﬁbination of them...The.'
.20 diffusion layer 101, the silicon substrate 100 and the-
porous layer 200 are removed from the resultant bonded
stfucture.(Fig. 4E). For ‘this removal, hot only a |
'mechanical method such as grinding but alsb a chemical
method such as etéhing can be adopted.:
25 . : ‘The same referéﬂce numérals-gs are used in Figs.

4A through 4F are also used in Figs. 5A through 5F to

denote corresponding or identical components, and no



2- et hyl. - 5- phenyl t hi ot ri f | uor omet hanesul f onani | i de, np. 82-83.5C.
4-chl oro- 3- phenyl thiotri fl uoromet hanesul fonanilide, mp.. 83-85 5 err]C 20
2- et hyl - 3- phenyl t hi ot ri fl uor onet hanesul fonani lide, mp. 123.5-124.5[err]C.

20 4-chl or o- 2- phenoxyt ri f | uor 8#et-hanesul f onani | i de, m p.
' 78-81. 5C. 3-chl oro- 2- phenoxytrlfluoronethanesulfonanlI|de m p.
65.5-67.5C. _ 2- net hyl - phenylthlotrjfluoronethanesulfonanrlide,

m p. 100.5-102[err] C.

2-(4- nethoxyphenoxy)trlflu ronethanesulf nani 95-9 err]C  25
2- phenoxyt ri f | §&tGH e n ifex, Wﬁgqﬁ?GS fven’ 74 25

"4- ph trifl th If I d
2 et hoxy- 4- ph% o?s”hesu a0 e ?&%ﬁéﬁ%ﬁ e @ff]e?%re%hﬁ err]c
4-(4-nit h Ith fl I 0+
> et hyl - 4¢ phe ;‘{Pr o st g@uf?ﬁf‘n U 4 iy sihabel; 1n
2- phenyl thiotr '1:“ ﬁm%ﬁfg i hifer 103 1‘&1 &A@de'brd @ single
' f phendxy-5-tri

30 uoranet hyltri fl uor omet hanesul f onafl i de,

n1p._74.55J6 SGr rystal semlconductor layer 102 and the insulation
S-met hyl - 2- phenoXytrifl uoronet hanesul f onani l'i de, mp. 65.5-68C

- 3-chl or o- 2- phenyyidii Qo3 fils! Honmid anagld el Isubstrate 309.63 .13 ahilLl.

4- chl or o- 2- phenyl't hi ot ri fl uor onet hanesul fonanilide, mp. 75-76.5C. 35

. 5-chl or 0- 2- pheranple,r ithHe asee tdubsnd feo 1800 fdade bemagp sod@ 44.15[cenr | C.

35 2- phenyl t hi 0- 5- tr|fIuoronethyltrlfluoronethanesulfonanlI|de
m p. 63.5-65. 5G@ubstrate or a sole glass substrate, or a structure

5- met hyl - 2- phenyl t hi ot i f| uor oret hanesul f onani I'i de, m p. . 54-55C
" 2- (4- chI or ophemwHexeio) ta |ﬁillumrqma rvhstingtan ane |J@@lil'mf1§d PR B3IGly @ C

10 substrate..
o 'In this example, a diffusion layer can-be formed
in the:same ménner as is exglainéd while réferring to
Figs. 1A through 1F; ' In addition, the various |
.procedures described 1n the example wherein a diffusion
15 layer is formed on one side of a sillcon substrate. can
| be adopted in this example. |
This example, wherein diffusioﬁ layers are formed
on both sides of the substrate, providés"effects for
teducing contact reéistaﬁce at the time anodization is
.20 pérfqrmed and for feducing bending at the tiﬁe of |
formétion of diffuéion léyers are formed.
The'breferred_embodiments of thé present invention
will now be described in detail. Thé present
invention; however;_is not limited to these
25 eﬁbodiments. |
:(First Embodiment)

A single crystal Si substrate, the resistance of



6- met hyl - 2- phenoxytri f1 uor onet hanesul fonani lide, mp. 79-81[err]C. 40
5-net hoxy- 2- phenoxytri fl uor onet hanesul fonanilide, mp. 63-64[err]C

40 4- et hy1- 3-phenyl thiotrifluoronet hanesul fonani | i de, m p.
59.5-61.5C g 3- et hyl - 2- phenexwdr i-f | uor omet hanesul f onani | i de,
m p. 68-70C ' :

3-(2- nethoxyphenylthlo)trlfluoronethanesulfonanlI|de ~b.p.
173-177[err]C./0.03 - 45

4- (3, 4-di chl orophen Ithlo)trlfluoronethanesulfonanlIlde ﬁlp 91- 94C. 45
3, 4- di net hyl M‘i’é«%‘! Waso At MResidihedhawesuprepared.deA P* high-

2,5-di chl orophenyl thio)trifluoromethanesul fonanilide, mp. 108-110C

2- et hyl phen@ﬁrﬁy t risieYo e W&hé@lﬂl f&?ﬁﬁﬂ: Pg'ea @531353?1%?(8:@&5];@

3- et hyl phen hi_ Q trlfluoronethan sul faonani |i de, m_p.

4-neth¥|8hen§hﬁh ?ﬁﬂ JuNEIREn A Add fugign Ferpgderr] C.

i | lid
' 88-90C +(tagll ?05%‘3%%# R 6 Rl SR CACSREE R bR ar 1 B aRE gL,
2]?4 gZogg 3- methy Igﬁenysﬁﬁpb thPPUgangfﬁgﬁggﬁpfSﬁaﬁpﬂﬂ8¥§‘n16

70-72[err] C | .
‘4-(4-t-buttyl phenylt o)trlw 160 8 FES SATRHESY Mas soated on the

4- ( 3- met hOXypheﬁ)ﬁhhthBf'éb@ 2 el %aneastsftga%a' ?& fis 10 ;@i 5%&@ lnr%

4-(
4-(
4-(
4-(
- (
5
8

55 4- (4- met hoxyphenylthio)trifluoro onan
- 79-84C. Then, the substrate was annealed at 140°C and the
4-(2,4-dLnethyIphenylthio) 2-methyltrifluoronmethanesul fonanilide, mp.
"85- 92C. solvent wag2evapottatedor ophenykkliléint 8tructure was
met hyl tri fl uor onet hanesul fonani l'i de, mp o . 138-140C.

10 placed in a diffusion furnace for six hours while the

temperature of the core tube of the furnace was
maintained at 1200°C. So—called drive-in was performed
on the substrate to form a P’ high—density layeru
: The Si substrate on whlch was formed the P* high-
15 . dens1ty layer was 1mmersed in an HF solution. The
| first_surface was anodized and a porous layer was
formed on the first surface.  The conditions for the
anodization were:
Current density: 7'(mA-¢@4)
20 Anodization solution: HF:H,0:C,H,0H = 1:1:1
. Time: 11 (min) |
_Thickness of porous Si: 12 (um);
-Then ox1datlon of the substrate on whlch the
porous 1ayer was formed was performed for one hour in
25 an oxygen atmosphere at a temperature of 400°C.
- Through oxidation; the interior walls of the pores of_

the porous Si layer were covered with a thermal oxide



60 - s 3-net hyl - 4-phenyl thiotri fl uoronet hanesul fonani lide, np. 79-810.:
60r * . 3-chl oro-4-phenyl thiotrifluonmetahnesul fonanilide,

m p. 84- 87[err]C

2-nmet hyl -4-(2- nethylphenylthlo)trlfluordnéﬁhanesulfonanlI|de m p.
112-114[err] C

2- et hyl - 4- (4- nethylphenylthlo)trlfluoronethanesulfonanlI|de m p.

105-107C. 1, 306, 564

ng 33E 2|r (r)]r (é.pher}_y o O)Sequent@éilllryl,f Iauosrlo teh%'}eys%alogaim :-{1%%:' J@ R.2

4- (4-bronopheny] t hi 0 f 0
91-94[err] C ){‘m wag eplr%‘mg(ll}l} dox!r%)g{rﬁ)rgi'}géi{']e ?egéa{%heny h| o) 2 -
met hyl trifluor g’{r%“}ﬁ the 2 i h)}.lélﬁ% 1 Vapor Deposition} fhetHtt 1051[1% r]C. 5

4- (3-net hoxyph tr|f uoronethanelfonanllde n1p

69-72[err] C. 'coﬂaitlons for the growth were:
4- (4- met hoxyphenyl t hi o) - nethyltrlfluoronethanesulfonanlI|de mp.

109-112[erg] C. Source gas: SiH,Cl1,/H,
2- met hyl - 4- ( 3- net hyl phenyl t |o)tr|fluoronethanesulfonanlI|de m p.
82-84[err]C. Gas flow rate: 0.5/180 (1/min)

Gas pressure: 80.(Torr)
Temperature: 950.(fC)
Growth speed: 0.3 (um/min).
10 | ~ An Si0, layer of 50 nm was formed on the surface of
the epitaxial Si layer by thermal oxidation.
| The surface of thelSioi layer and the surface of a
second Si substrate, on which an sio, layer of 500 nm
was formed, were:exactly aligned and brought it into
15'- contact, and the resultant structure was bonded by
| heating it for two hours at a temperature of 900 C. As
a result, the bonded substrate could be acqulred.
.-_ The surface of the bonded substrate on which the P
layer was formed was_ground to remoue the P* layer and
20 the non-porous'single crystal Si region, so that the
porous Si layer was fully exposed.
Then “the exposed porous Si layer was selectlvely
etched by using a solution of 49% hydrogen fluoride and
'30% peroxide. No etching of the single crystal Si
25 layer occurred. And while the Single crystal'Si 1ayer
was used as an etchlng stopper, the porous Si layer was

completely removed_by selective etching.



The fol kow ng conmpounds are prepared fromthe reaction of the correspondi ng

conpound of Formula Il and the corresponding fluoroal kanesul fonyl fluoride
or chloride 10 - according to Met hod A. The acid acceptor and sol vent
used are al so noted. ' 10

TABLE | '

Boi | i ng Poi nt '

(inf[err]Cmm) or Aci d

Mel ti ng Poi nt t lvent Pr oduct .
(inJferr]Q The ﬁ uori d(?d P edTrfd%CCﬁ:ﬁ% Hon- porg‘& %'1 Sl??g&r?enoxyper-

155/ 0. 02 FHS 1ut et ane-
sul fonani lide crystal reﬁﬂtive(ﬁg Tﬁﬁgﬁ%ﬁ SO lﬁghgas © s

3-phenylthio- 354, a 1RFiQ &F this speed to the selecti®d R&ching
per.fl uorobut ane- -

sul fonani l'i de speed for tHY Ydrtus laydrbidyyifive pdwedisOof teh @renoxydi -
36- 38 aniline form : f 1 uor omet hane-
sul f-onani Isi de greater and the amount of etching performed on the
non-porous layer was so small (several nm) that it
could be practically disregarded.
| ' Throujh the series-of the procedures, the single
crysfal Si layer of 0.2'pm'was formed_on.the Si oxide
10 £film, and a so—called'SOI substrate could be acouired.
When ‘the cross section of the SOI substrate was
observed by using a transmission electron microscope,
it was confirmed rhat no new crysfal.defeCts were
introduced 1nto the s1ngle crystal Si layer, and a
15 preferable crystal structure was maintained.
- ' '(Second Embodiment)
A spin coating film of B,0, was deposited on the.
- obverse and the reverse surfaces of an Si substrate,
and a diffused region was formed. An SOI substrate was_
20 fabricated in the same manner as was one in the first
embodiment. When the obtained SOI substrate was
observed.in rhe same manner as in the first_embodiment,
it was confirmed that the single crystal Si thin film'
was'of good quality and had extremely few crYstal |
25 defects. | |

(Third Embodiment)

Spin'coaringtfilms were formed'on Si substrates by _



Chlzori de D net hyl - Chl or o- 3- phenyl t hi odi - 81-83

ani |l i n¢e form fl uor onet hane-

sul fonani |l i de : Exanples 2, 3 and 4 relate respectively to the
preparation of conpounds of _ ForrnﬂQﬁl-'by Met hods B 1., B 2. and B
3. . Exanple 2 15 A
slurry of 4- bronDtrlfIuoronethanesulfonanlI|de (15 g., 0.05 nole), cuprous
15 -t hi ophenolate (10 g., O. 058 nDIe) ‘sodi um bi car bonat e (10 g )

and dlnethylfornan1de

d
2. Fldayz Thedr%%kfgo% H?§F2r55§§ %%%r% S?ﬂggieb atdéé%%ﬁg?%g$$$éié) the
e ow ro s re \Y) t t
éci'difieé to gi t-n BT R grh?%i/%?‘i‘J‘ ggd‘?asrﬁgngt anm@%eghéss‘l
4- phenyl thiotri Ll 4of el 3 rezgrrangéd”:[zqngndifglgs:.gnpfuf‘égcéfséoefo}l@ /0.5

nmm Anal ysi s:

Co e ot 0 PP 4l ORsar) S o6 bt 07 140
PrePared ugi ng g@h@?ﬁa@%&, Eﬂécsahéa£f5c§§§€§|Wérédperformed as were
| performed to fabricate,an’SOI substrate in the first
~embodiment.
In this'embodiment, diffusion layers were fotmed
on both sides of the silicon substrates by the vaporous
16 l diffusion of the B,0, films on adjacent silicon
substrates. It was confirmed ‘that the SOI substrates.
‘obtained iﬁ this embodiment were also of good quality
and had extremely few crystal defects.
(Fourth Embodiment) | |
15 A single crystal Si substrate, the resistance of
- which was not spec1fied was prepared. By using'a
diffusion method, a P’ high density layer of 5 pm was
 formed on the first surface and on the reverse surface
of the silicon substrate. |
20 . The formation of the.P‘ high-density layers by
using the diffusion methodIWas performed as follows.
The Si substrate was placed in a furnace core tube aud._
bubbling was induced by“introducing N2 gas into a 1iquid_
diffusion source that contained BBr,. The vaporized |
25h : material was 1ntroduced 1nto the furnace core tube w1th
a carrier gas (N, + 0,). A B,,O3 1ayer was formed by

maintaining the temperature of ‘the furnace core tube at



25+ © Ln Exanple 2.

25+ T 3-(4-chl orophenylthio)trifl uoronet hanesul fonanilide, mp.
92.5-94.5 3-(4-fluorophenylthio)trifluoromethanesul fonanilide,
b.p. 157-162[err]C./0.03 nm - 37 -

3-(3- nethylphenylthlo)trlfluoronethanesulfonanlI|de b.p..
156-160[err] C./0.05 mm

3-nitro-4- phenylthlotrlfluoronethanesulfonanlI|de i solated as the

triethyl- 30 - ammniumsalt, mp, 110-112[e %ﬁ

30 . 1G5Q °C @R yPRA RORE hi o?‘ﬂ?’i‘ifletﬁre"t%n‘éé‘m LHFeio. b, p.
150-158[ érr] C./0.05 mm

Exanpl e 3 the coreA@gggp%ﬁSF%m fyrnace was maintained at 1200°C,

2-chl - 5- trifl h | I
i_nvaa? rg? (48mmr_]$ %‘:’mc%giu%‘ge‘hg‘?%Zyﬂy‘g‘?%lg?ﬁ%g?ﬁé%‘g'%‘(fl%e 8‘%sr'@r§%1ea}:ed on a
steam 35 O%h fo% q}n. %J%lh% ela% E_{)chl oric acid (15 m.) is added -

and the sol uti o0 Oto 5[err]C. Sodiumnitrite (6

mhi|g'2§F gg:ﬁ?nglfﬁgk¥g%pgggﬁu?%gtelo a@?err]ﬁgré%¥6%med the Pstﬁﬂﬂﬁd
density layers was immersed in an HF solution. The
first surface was anodized, and a porous layer was
formed thereon. The_conditions for the anodization
were:
10 . Current density: 7 (mAscm?)
Anodization solution: HF:H,0:C,HOH = 1:1:1
Time: .11 (min) |
Thickness of éoroué Si: 12 (um).
_Then, oxidation of theISubstrate,lon which the -
15 porous ‘layer was formed, was perfbrmed for one hour in
an oxygen afmosphere at a temperature of 4OC°C.
Through the oxidation, the interior walls of the pores
of the porous Si layer were covered with thérmai oxide
fiim. Sequentially; a éingle crystal Si layer of 0.2
20 um was epitaxially grown on the porous Si layer bj -
using the CVD (Chemical Vapor Déposition) method. The
conditioné for the groﬁth were: | |
Source gas: SiH,Cl1,/H,
Gas flow rate: 0.5/180 (1/min)
25 . _Gas preséureﬁ' 80 (Torr)
Temperature:  950 (°C)

Growth speed: 0.3 (pm/min).



12
12°

is heated to 110[err]C
is added. The col'd di azonium - 38 -

(18.7 g.)
one hour,

made basic with sodi um hydroxi de sol ution.
with chloroform acidified with concentrated hydrochloric acid and then
-extracted 5

1, 306, 564

A sol ution of sodi um hydroxide (8.6 g.) in water (70 m .)

the mxture is stirred an additional thirty m nut es,

dri ed over
vacuo. The soli 2 ch 5€fn lthiotrifl uoro
’Fé%}

nmet hanesul f onan
66-68[err] C

This solution is extracted 5

under a nitrogen atnosphere and thi ophenol
salt solution is added over

t hen

with dlchloronethane The di chl oronet hane extracts are

nmagnesi unt%u?%‘at dayer of 54 inm Masy farpead ors dihfe RUTtaas Kf

d f
-C[ errJ]H err]d[err]F errf’l{f[‘ép(? ¢ kefir:}]léos’(f)z Z}fyﬁr I-a|m32t§'%a %ilfaaé:ee of’a

4.0

second Si substrate, on which an FQ& lay@r %?f 9:'JOd_|mr2 6;

50|Uti0h of pot@ssi HHHANA! OxeFe éﬂgcgl alfbggdngﬁﬁ)brou ht into

2,chloro-5-nitrotrifluoro’ anesul fonanilide 715.3 g., 0.05

nDIe) phenol

(doRtéct, Oak& anée}es@yfaﬁkrﬁwféékdée wasnﬁon@éd bgnzene

m.) is stirred and heated removi ng wat er- by nmeans of a
Dean- St ark traphedtifg ai:lfbentﬂ@ehcﬁrﬁlstléle&nwaﬁ@fe @frgdone.(Zﬁsm )

is. added

10

15

20

25

a result, the bonded substrate could be acquired

The surface of the bonded substrate on which the P*

layer was formed was ground to remove the P' layer and

‘the non-porous single orystal Si region, so that the

' porous Si layer was fully exposed.

Then, the exposed porous Si layer was selectively

etched by using a solution of 49% hydrogen fluoride and-

30% peroxide. No etching of the'single crystal.Si

layer occurred. And while the single crystal Si layer

was used as an etchlng stopper, the porous Si layer was'

completely removed by selectlve etchlng.

The etchlng speed for the non-porous Si single
crystal relative to.the etching solution ﬁas extremely
low. A ratio of this:speed to the selective etching
speed'for the porous layer was five powers of ten or
greater, and the amount of etching performed on the

non¥porous layer was so small (several nm) that it

" could be-practically disregarded.

Through the.series of procedures, the single .

crystal Si layer of 0.2 pm'was formed on the Si oxide

in

?Y?Edb¥wf%%???%ﬁ?ﬁb%?%ﬁ%nand dried, mp.

N,
A

(50



and the.m xture is heated to 150[err]C. A small anmount of cuprous chloride
i s added and heating is-continued for several hours. The mxture is
poured into water, treated with decol ori zi ng charcoal then
aci-dified. The organic layer is separated3hd distilled. The 20

fraction boiling at 185-195[err]C./O.3 mm js solidified by scratching,
recrystallized 20 twice from hexanetoluene once from
hexanetri chl oroet hyl ene to give 5-nitro-2- '

phenoxytri fl uoronet hanesul fonani]jide, mp. 85-87.5[err
Anal ysi s: film, and a so- -called SO§«§ubs§5q$e cqQ d ‘be acquired.

Cal culated for errjieri] FIeINETIAGUIEr ShShradshaa” 7 25
fol | owi ng corpoynds 20g s SRASY it Bohddifs B SR LARAREGH L84,

5-nitro-2-phenylthiotr 0 ﬁ¥§]6é¥ rr]Ci
3-nitro-4- phen E/t%l?l%%é%an%@%nesu f'ona a’?r&d}eﬁ}g?as]blr%%)fee t eé :
triethyl argroni Uﬂgpodtfceéaiﬂt%'\% % iffe &F}€tal si layer, and that a

30 - es 5 an ate to the. preparatlon of conpounds of

Formul.a | by preferﬁﬁiemﬁkfe al structure was maintained.
Exanpl e 5 3- Phenyl thiotrifluoronethanesul fonanilide (16.7 g.

0.050 nole) and acetpetkPd embodimert) SDbedthed P G.aty@r wiiseridriiedr e
'_treated with 30 percent hydrogen peroxide (5.2 nl.
on both sides of the substrate, contact res1stance
could be reduced at the time of the formation of the
10 porous layer, ano the hehding that accompanied the
lformatioh of the P’_laYer could also be reduced.' As a
result, the substrates could be bonded_extremely stably
and the SOI substrate could be ecquired.
.(Fifth Embodiment)
15 In this embodiment, e fabrication process for a
- semiconductor substrate mas performed in the same
manher as was the one in the fourth embodiment, except
for the changed oonditions_described-in (i) through
(4ii).
20_ (i) The cohditions for the_anodiéation were:
Current density: 5 (mAecm™?)
Anodization solution° HFiH;hCJQOH = 1:1:1
‘Time: 12 (min) | | N
Thickness of porous Si: 10_(pm).
“.25 (ii) AISingle crystal GaAs”layer of.l pm was
epitaxially grown on the porous Si layer by u51ng the

MOCVD (Metal Organic Chemical Vapor Dep051tion) method.



50.:8 mml e) in acetone (15 m.) during ninety mnutes. The m xture is
stirred until Its tenperature is about 25[err]C., and the acetone
is renoved in vacuo Benzene is added, t hen renmoved in vacuo to
azeotrope off any water. residue to give an4BiF. The oil is

chromat ographed on a "F orisil" (Trade Mark) columm, eluting first with 1:
1 40 benzene: trichloroethylene, then 1:1 benzene: dichl oronethane and
finally with = -40 acetone The fraction eluting with acetone is

di ssolved in 10 ercent_.sqdi um solution. Thi's solution is
‘extracted with EB %ﬁ S ﬁh tﬁ e PHQWtQXVFEEFS are di scar ded..

" The solution is then aci-dified to | white gum which is extracted
wi th diethyl ether. ?ﬁé‘r&ehé’raﬁ ayel&rs/é gg{gﬁ over nagnesi um sul fate, the

solvent is 45 re e yo
3- phenylsulflnyltrlfgaéf e é&%%%ul? é#? |de is recrystallized 45

froma trichl oroet hylap exa then tw ce fron1cyc|ohexane
to give a _ mhF%e%§§¥%§EQ I&%?055 Eglll[err]c : : _

~Analysis: 5 iii) The surfa@%'%&'%hﬁdGBQE layer and the surface of
QHHHMH]HaTHQMH]ﬂaH C, 44.8; H, 3 4.0 50

Found: C, 44.5anbther0SiNsubstrate, on which an5§h0 layer of 500Nfm
fol | ow ng conpounds are prepared using the general Mt hod C specifically

exenplified in Wasmioemed, were exactly aligned and were brought into
3- phenyl sul f onyl perfl uor oet hanesul f.onani | i de 2- phenyl sul f onyl
trlfluoronethanegntaGManahdd&henrpsu&ta&&[strp&ture was bonded by
"heating it for two hours at temperature of 700°C. .
iO_.' ~ In this manner, a substrate cculd be acquired
where the!single_crystal'GaAs layer_of 1 ym was formed
on the Si oxide film. ' When the cross section ef the
obtained substrate was obserﬁed by using.a fransmiseion
. electron microscope, it was confirmed that no new
15 crystal defects_were introdeced into the single crystal
-GaAs layer; and thatea'preferable crystal structure was
maintaiped.
;n this embodiment, also, bending in consonance
with the formetion of a P*-iayer could be reduced and
20 - the SOI substrate could be fab;icated.extremely stably. -
(Sixth Embodiment) | ' | ' |
A fabricatiqn brocess_for an SOI substrate.was
perfermed in the same manner as was the one in the
fourth embodiment, except.fof fhe changed conditions
25 described in (i) and (ii).
(i) The conditions for the anodization were:

Current density: 5 (mAecm?)



55+ ' 4- phenylsulfonyltrlfluoronethanesulfonanlI|de m p.
121-123[err] C 55

2- et hyl - 4- phenylsulfonyltrlfluoronethanesulfonanlI|de m p.

138-139.5[err] C. 41 -
2- met hyl - 5- phenylsulfonyltrlfluoronethanesulfonanlI|de mp. 113-115[err]C
4-(4¥acetan1dophenylsulfonyl)trlfluoronethanesulfonanlIrde,

m p. 233. 5-235[err] C 13 -

1, 306, 564 . 3_ . '

4- ( 4- acetan1dophenyﬁ?ﬁpﬂﬁﬁﬁ¥ﬂﬂwqqaﬁ§ it hakediaPs ﬁ%ﬁﬁ Fadi Lo,

- 202.5-204.5[err] C ( ,

2- met hoxy- 4- phenylsuf?bnyltr|fﬂhoronethanesulfonaniIide mp. 117.5-119C

2- net hoxy- 4- phenyl s ajesulyip jl.ide, mp. 124-216C.
4- (4-ni trophenyl sul ?F)trlfluo?%net anesulfonggﬁilde m p. 178.5-180.5C.
5

e Ly | f i d _
- 157-160[err] C. (@1 qu%'w Byt sl ifdyed’ dreioiangsiiliagnani | ide, mp

4110(1 2133} hyl fhe@ﬂl&a&fﬁm@ brﬁofdwwmwwg @ianidyiete ,byrml@mg the
err

4- ( 3- met hyl pheawips yichemilcalr Vidpdar m@dsﬁmi:mi)f cma:rmdd.de Thea Fnondltlons
168-173[err]C. :

4- (4- met hyl pherfpirs thiel igyiowtthi Weur@r:onet- hanesul fonanilide, mp.
180- 182[err]C _
_Source gas: . SJ.HZC:].z/H2
Gas flow rate: 0.25/230 (1/min)
10 Gas pressure: 760 (Torr)
Temperature: .1040 (°C)
Growth speed: 0.14 (pm/min)
An SOI substrate was.vauirgd whereof the single
brysta; Si.layer of 0.2 pm was fofmed on the-Si oxide
15 film. | | |
. wheh fhe cross sectioﬁ of the obtained éubstrafe
was observed by using a transmission electron
microséope, it was confirmed that no new crystal
defects were introduced infq the single crystal Si
20 layer, and that a preferabie crystal structure was |
maintained. | |
(Seventh ﬁmbodimenf)
A fabrication method for a semiconductor substrate
was performed in the same manné: as was the one in thé
- 25 . fourth embodiment, except.for the changed conditioné

.'descrlbed in (i) through (1v).

(i) The thlckness of a P+ high- den31ty layer that was



4- (-4- nethylphenylsulfonyl)trlfluoronethanesulfonanlI|de m p.
172-178[err]C. 10

4-(4- chlorophenylsulflnyI)trlfIuoronethanesulfonanlI|de m p. 189-192C.

10 ~ 4-(4-chl orophenyl sul f ony )42 i4 | uor onet hanesl f onani | i de, np.
165- 169C. '
4-(4- bronophenyl sul finyl)trifl uoromethanesul fonaniiide, mp. 196-199C
“4-(4-bronophenyl sul fonyl )trifluoronet hanesul fonanilide, mp. 186-189[err]C
4 - (4 - brono - 3 - nethylphenylsulflnzl)trlfluoronethanesulfonanlIlde
mp. 15 formed q$4am@gf§u$}qp method was 10 pm

15

met hyl phenyl sul &bhm )'i'lP‘Pfq:‘BMbﬁ%‘P‘h%nE%{ll 'F%a?ﬁlq’%%atlrﬁ“b were:

173-178C.

4 (4-t- butyIphenylSLF¥€FS*7t??$?hB¥0nE§hQW%éHFf6nan|I|de n1p
.219-223[err] C _

4- (4- nethoxyphenylsU@???&??F???Iﬁ%+%ﬁ%?ﬂane%51¥bnaﬁl? , 1 1

169-172[erg] C. 20

4- (4-met ho phenylsul?%myT)trlf$uorbnethanesulfonaniIide m p.

178-181[err] C. 10 (2,4 -

dlnethylphenylsulfony?%ckniss tég ???f uoronet anesulfonanlllde m p.
- 157-159G A%singPeScrydtsl! 81 ophgay! s£1 602V wad -

nethyltrlfluoronethanesu %%éaﬁl?f%e mp b 167-174C. 25

~ 3-nethyl - 4- pherugﬁeéiiayiyrgiwﬁrsﬁethangaﬁbﬁgrsm1ay@r BY pusifig- tRaC.
25 met hyl - 4-phenyl sul fonyl trifl uoronet hanesul fonani |l ide m p.

-113-116[err] C. cvD (Chemical Vapor Deposition) method. The conditions
3-chl or 0- 4- phenyl sul finyl tifl uoromet hanesul fonanilide, mp. 154-157[err]C.
3- chl or o- e phengbs uthengrowthl werernet hanesul f onani | i.de, np. 120-124C.
-~ 2 - met hyl ;_4 - (2 - nethylphenylsulflnyI)tr|fIuoronethanesulfonanlI|de
mp. - Source gas. SJ.HZCIZ/H2 |
Gas flow rate: 0.4/230 (1/min)
Gas pressure: 80 (Torr)
Temperature: 909'(°C)
15 Growth speed: 0.13 (pm/min)
| " (iv) When an SiOé laysr of 50 nm was formed on the
surface of the epitaxial'Si iayer by thermal oxidation,
the surface of the Si0; layer and the surface of a
quartz substrate that was saparately-prepared were
20 aligned and the substrates were bonded together by
alternately performing thin film formatlon and a
thermal process (at the highest temperature of 400° C)
In this,manner, a semlconductor substrate could be
'-acquired where a single crysfal Si layéf of 0.2 ym was
25 'farmed on the Si.oxide-film._ |

When the cross section of the obtained substrate

‘was observed by using a transmission electron



30~ . 146-150[err] C

30 : 2 - methyl - 4 - (2 -

met hyl phenyl sul fonyl )trifl uor omet hanesul f onani | i de, m p.
132-138[err]C. . 2 - methyl - 443 (8 - '

met hyl phenyl sul finyl)trifl uoromethanesul fonanilide, mp.
119-122[err] C. 35 2 - methyl - 4 - (3 - C
nethylphenylsulfonyl)tr|fluoronethanesulfonanlIlde mp. 35
110-114[err] C 2 - nethyl - 4 - :
met hyl phenyl sul“!’d?m%Q‘-?QEH LPo# ofRs H%ﬂi@‘s%ﬂﬂi‘%a‘?ﬂ#‘? e ngyp crystal

'170-173C. - chlor hen ul fin -
met hyl trifl uor cﬁ%@%ﬁ‘%s"lﬁ’?%rﬂéh‘ﬂq’%e tg’ ?S)he s:.x¥g.’2e crYSta_L]1953123[ err]C

40 or ophen suI nyI
met hyl tri fl uor o\'@f%ﬂ f%ﬁ‘h 4) é@ ’}YStazl StrUCtur_ﬁoquZ[ err]C

4 - (4 - bronnphe S nyl) - 2 - nethyltrlfluoronnethanesulfonanlI|de
mp. {H% i%%# 154[err]C. 45 4 - (4 -

br onopheny, sulf rlfluoronethanesulfonanlI|de mp. 45
§u filien guoodBhd p. 45

149- 153C. omo - 3 - nethyl phenyl sul fonyl) - 2 -

met hyl'tri f1uor onet hagessth{&ductor substrate wadi faleicatea {63tHE6C.
3-(2- nethylphenylsulfonyl)tr|fluoronethanesulfonanlI|de mp. 57-62[err]C

2_(135_11% | 3 éém&ﬁﬁ&%@h%\ylmfﬂwlaﬁélihuaﬁ@rrfiﬂmeémhé@mt;de m p.
B | excépt that the surface of a GaAs 1ayer and the surface

of a quartz substrate that was separately prepared were

10 aligned,_and.the.substféfes were bonded together by
altérnately pefforming a thin film formation and a
thermal process (at a highest temperature of 4QO°C);
" In this.embodiment, as in fhe fifth embodiment, a -
.substrate on which an exdellent crystaliine

15 semicondﬁctor layer was proﬁided'cou;d be aéquiféd.
(Ninth'Empodiment)

A fabrication method for a semiconductor substrate
was performed in the.same manner as was the one in the
fourth embédiment, except for the changed conditions

20 described in (i)_and (ii). .
(i). Thé conditions for the énodization.weréi

Currént density: 5 (mAecm?)

Anodization sollut_io,n:' HF:_}IZO:CZHSOH_=' 1:1:1

Time: 12 (min) ' |

25 Thickness of porou$ Si: 10 (pm).
(ii) Whén an Sio, layer'oflSO nm was formed on the

surface of the epitaxial Si layer by'theimal oxidation,’



3- (4-chl or ophenyl sul fonyl )trifl uoronet hanesul fonanilide, mp. 134-140C
Exanpl € 6 To a stirred solution of

4- phenyl thiotrifl uoronet hanesul fonanilide (8.2 g., 0.0246 nol e) ,.
prepared according to Exanple 8, and 10 pe4¢4&ent sodi um hydroxide sol ution
55 (8.93 nl) is added sodi um netaperiodate (5.27 g., 0.0246 nole). The
sodium neta- 55 periodate is washed in with water (140 nl.), and
the m xture is stirred for one and’ _ one- hal f hours. Enough 10%

- sodium hydroxide is added to maintain the solution at a basic pH

The nixture is thetewefacenef the $i0: laven andithe iFfase ofct®ed with

. chl or o- formand dried over nmagnesi um sul fate. The éolution S
filtered and t h@UaBFFcpebgbrate Ehapovase8ePATaLELY PTSRRT S Vare
4-phenylsuifinyltriflyoro thanesa#f napilide_is 6% ' recrystallized
from i'sopr opyl %}h%?easo pEB%IS Fﬁr?gﬁﬁtﬂﬁﬁ? Ree eﬁeﬁ%?%???fnéy -
'ihggg°§g4t°_y'eéfté@ngiéi¥hbé$f89$98&’a”¥81n1§§1&6§é§§é££én and a 14
' 5 thermal process (at a highest tempefatu:e of 400?C).
In this embodimént, as in the fourth embodiment, a
substrate on which an excellent crystalline
semiconductor 1éyér was provided could be aQQdiféd;
(Tenth Embodiment)

10 ' A fabrication method for a semiconductor substrate
was performed_in the sane manner as was the one in the
fourfh embodiment,.except for the changed conditions
described in (i) through (iii).

(4) A reproduced single crystal Si substrate was
15 -employedi . _
(ii) The thickness of a P* high-density layer that was
formed by a diffusion method was 10 pm.
(iii) A single crystal si layer of 0.2 pym was
epitaxially grown on a porous Si layer by uSing the CVD
 20 ~ (Chemical Vapor Deposition)-method. The conditions for
the. growth were:
Source gas: 'Sin,(;:l.z/H2
- Gas flow rate: 0.25/230 (l/min):
‘Gas pressure: _760 (Torr)
25 Temperature: 1040 (°C)
Growth speed: 0.14 (pm/min)

In this embodiment, as in the fourth embodiment, a



Anal ysi s: Cal cul ated for
Clif{err]Herr]Flerr],NOJerr]S[err]: C, 44.7;, H 2.9; N, 4.0 '
Found: C, 45.0; H 3.0; N, 4.0 The foll ow ng conpounds are

prepared using the general Method C speci #5cally 5 exenplified in
Exanpl e 6. S

3-(2- nethoxyphenylsulflnyl)trlfluoronethanesulfonanlI|de m p.
176.5-178. 5[ err] C

2- phenylsulflnyItrrfIuoranetahnesulfonanlIlde mp. 128- 130[err]C
3- (4- chl or opherfphFtGata QN ihish AfeERaR AT, rFa"ﬁ‘isf‘?“Hlé-”}ﬁp 117 119[err] C.

N- net hyl - 3- phenyl sul finyltrifl uoronethanesul f opani | 4 5[err]C
10 4- ERTHANGHGHRA SAMETNR TG bR A e, mp.:

205. 5-207[ err] '
2-net hl y- 4- phe%ﬁ%ﬁﬂqqqﬁﬂqmqquﬁﬁgﬁkthanesulfonan|I|de m p. 116- 120[err]C

ilgeghXEZSSFgfpflcsu'flfyﬂrtir ‘J'l% anp%gésge%ftl r:ﬁ%‘i &?1 "ﬁw preparation of

(I:Eggprrgrndi 5Of F%@Q&At&&as perfozl}@d"oﬂi I:Eh(-zl%ame manf15er as was the

4- Phenyl t hi ot r il Giyp rgid et e it ( Shadegt 036 EpRdided

-di ssolved in . acetic acid (125 m .), sodium acetate (4;6 g., 0.956
mol e) is added SN dIARida1 Si subdtrdife Gras @nififoyed @ind stiedeled mver
five mnutes. After stirring one hour the mxture ' i's heated on a

st eam bat h one HigH-dunsityhQrayenivad | furmedttheretd. mMin thies sol i d
o embodiment, as in the fifth embodiment, a substrate on
_10. " which an excellent crystalline semiconductor layer was
provided coﬁld be acquired.
({Twelfth Embodiment)
A fabrication process for a semiconductor
substrate was performed iﬁ the same manner as was the
15. one iﬁ the sixth embodiment, except_that a reproduced
single crystal Si substrate waé employed and_that a p’
high-deqsity layer was-formed thereon._ In this
embodiment, as in the.éixth embodimenf, a substrate on
which an excellent crystalline semiconductor layer was
20 'provided could be'acqu;red; | |
" (Thirteenth Embodiment)
A fabrication_p:ocess_for a $emiconductor
'subétrate was performed in the same_manner as was the
one in the ninth émbodiment,.exéept that a reproduced
25 single crystal Si substrate Was_employediand that a P".
high-density layér_was formed thereon. lIn-this |

embodiment,'as in the_hinth.embodiment, a substrate on



20 product is recovered by filtration, dissolved in di chl or onet hane and

dried over 20 magnesi um sul fate. The solvent is evaporated in
vacuo, and the residue dissolved in a benzene- hexane mi xture.
Triethyl amine (excess) is added and the sd6 d product is i sol at ed

by filtration, then recrystallized twi ce fromisopropanol, giving trlethyl
~amoni um 2- br onb- 4- phenyl thi otrifl uoronet hanesul fonani |l i de, m p.

92- 94[err]C 25 _ AnaIyS|s

uC ' Calculated for

Cerr] H[ err] Br I’i’ftb‘ﬁl] G S5Feda c(f[ye?ﬁa]ll-l[’é?? ]?@mlqﬂflddmt% Aaver
Found 45. 1 4.9

Exanpl e 8 pr°V1é%éi?q%}qwﬁquﬁﬁﬂﬂﬁﬁﬁﬂthio)trifIuoronethanesulfonaniIide_
(16.5 g., 0.04 3 in gIaC|aI acetic acid (65 n.) and
the mxture is ea e ngthr (eer"beth enperat ure (about 130[err] O .

Excess hydroi odi ¢ ag* k135 %a 8% d"p l)odésédﬂﬁxg é‘%xﬁ{?or{alﬁw

mai ntai ned at its reflux tenperature for urs en stirred about 70

~hours at rpom gyhstrate R Ferformde irﬁ XEHE &sdnfe Hhdrii)d A4 twayaded . then
~extracted w th dichloronethane. he di chl oronet hane extracts are

conbi ned and drdgfd ﬂy%émwwréuﬂi&dﬂﬁélt ! hfcelbt that e Spreflicdd
renmoved i n vacuo. The solid residue is recrystalllzed froma mxture of- 35

hexane and benziigyle @ivetathisic substirdte ofas employed and that a P*
3- (2- hydr oxyphenyl t hi o)tri fl uor onet hane- sul fonani I'i de,. m p.
115-116. S[err] Gigh-density layer was formed thereon. 1In this
embodiment, as in the eighth embodiment, a substrate on
10 ° which an excellent crystalline semiconductor layér was
provided could be vauired.
(Fifteenth ﬁmbodiment)
'Thé conditions for forming a singlé crystal Si.
layef on a porous Si layer by the‘CVD ({Chemical Vapo;
15 - Deposition) were‘sot as foliows:
, Soui:'cé gas: _SinC12/I-I2
‘Gas flow rate: 0.25/230 (1/min)
Gas.pressure: 760 (Torr)
Temperature: 1040 (°C)
20 Growth épeed: 0. 14 (um/mln)

) Except for thése conditions, a fabrlcatlon process
for a semlconductor substrate was performed in the same
mannef as was the one in the thirteenth embodiment. In
this embodiméﬁt, as.in the thirteenth embodiment, a .

25.._ substrate on which an excellent crystalline |
sémiconduCtor laYer was orovided oould_be acquiféd.

(Sixteehth Embodiment) .



Anal ysi s: we o YN

Claculated for Clerr]Herr]Flerr]NJerr]S[err]: 44.7 2.9 4.0 40 .
Found: 44.5 .2.9 4.0 ~ The foll ow ng. conpounds are prepared
- using the nmethod of Exanple 8. - 47 -

-3- (4- hydroxyphenoy)trifl uoromet hanesul fonanilide, b.p. 215-217/0.5 nm

5- hydr oxy- 2- phenoxytri f | uor omet hanesul fonani | i de, m.p. 94-496[err]C.
Exanple 9 45 5-Ni tro2- phenoxytr.ifl uoronet hanesul fonaniI'i de (12. 4
g., 0.0342 nole) in ethanol 45 I s reduced over. pall adi um on
charcoal at about 45 pEabrigatfomypresgss ffRmian (301 SubsStratpyfate the
mxture is filtered, then the filtrate is evaporated in vacuo to a solid
which is subl|d%%erFﬂﬁ@eiQWﬁQ%5%ﬁﬂ?cwanner as was the one in the

5- am no- 2- phenoxytri f|
120 5- 123[2”] xa/ I é’n?ﬂé’ mehr?geseu:‘l:éonantl %l%stsead of nfd)rming an

for ol err] H er r§ ¥ AAYRT AR &h& u§fac$7 of ansegitaxial Si layer, C%%U' at ed
fﬁgngethgésgf E?%ét?Xl?} Sl layer ﬁ? ?ernatlveﬁﬁﬁggﬂgggﬁgg é?éﬁﬁifﬁg 32239
as the redUCt'QQnCﬁﬁféﬂsan Sio, layer was formed. In this embodiment
| also, an excellent crystalline SOI substrate could be
aoquired. |
'(Seventeenth_Emquiment).

10 A fabrication process for an SOI substrate was
performed in the same manner as.was the one in the
fourth embodiment, except'that an Sin layer, which was
formed by thermally oxidiiing an epitaxial Si layer, |
was bonded to another Si substrate on whicb an Sio, -

15 layer was not formed. In this embodiment also, an
'excellent crystalline SOI substrate could be acquired.
(Eighteenth Embodiment) |

(1) First, a P.+ diffusion layer was formed in.a
silicon wafer by using the method shown in tbe_first

20 embodiment. .

(2) In a solution where- 49% HF and ether alcohol
were mixed at a ratio of 2:1, the s111con wafer was
positioned as an anode and a platinum disk of 5-inch
diameter was positioned as aloathode, opposite the |

25 'silicon wafer, The reverse surface of tne.silioon_
wafer was coated so as not to be conductive with the

platinum via the solution, while the side and the end



55 . 4- (4- am nophenyl thi o) trifl uoronet hanesul fonanilide, mp.
116. 5-118[err] C 55

5- am no- 2- phenyl t hi ot ri f | uor omet hanesul fonani | i de, mp. 103-106[err]C.

15 - 48 1 306, 564

15 - 4- am no- 2- phenoxytri fl uor onet hanesul f onani | i de, isolated as
the sodiumsalt, mp. 205-207[err]C.

3- am no- 4- phenyl thiotrifluoronethanesul fonanilide, isolated as the
triethyl- amonjumsalt, mp. 106-108.

4- ami no- 2- phenyFYTk 2RSS f¢%o‘?’%ﬁre‘t'ﬂa’rf&'hﬁ%ﬁ%ﬁ?’ffe cogl [err@h%‘g ttﬁ'le
| E&Qﬁ%rgl 10 > entire °b‘ée’7ﬁﬁrﬁ}‘ 5 u%ﬁ%g% ?f‘l’?fg‘?‘b Y %ﬁ"g ganl lide (1.5
RTINS e
‘two hours. The ol 08 +Sr pé’%fr%éé@ BIRIELn e [ HE1 SOk epESH UG 10
5 the platinum. As a result the silicon wafer was
| anodlzed and a porous silicon layer of 12 pym was formed
on the obverse surface. The wafer on which the porous
layer was formed was extracted from the solution and
thexporosity was measured. fhe porosity was about 20%.
10 - (3) Subsequently; for one hour oxidation of the
wafer, on which the porous silicon layer was formed
was performed in an oxygen atmosphere at a temperature
of.400°c. Since only_an oxide film of approximately 50
_A or.lesa was fornied during the oxidation process, an
15 silicon oxide film was formed only on the'sorfaoe of
| the porous silicon layer'and_the side walls of the
pores, and a single crystal silicon region was
" maintained intermally. o
(4) fThe wafer Waslimmersed_for 30 seconds'in_an
20 HF solution that was diluted to 1.25%, and was then
.washed'to remove the extremely thin silicon oxide £ilm
that had been formed on the porous surface.
(5) The wafer was placed in.a CVD growth - furnace,
and the thermal processes mere continuously.performed'
25 .under the following conditionst
.a)' Temperature: 1120 (°C)

 Pressure: 80 (Torr)



Is:isolated by filtration, dissolved in ethanol and treated with

decol ori zi ng charcoal . The ethanol is evaporated in vacuo, then
recrystallized froma chl orof ormtol uene- . hexane m xture to give a
tan solid, 5-acetam do-2-phenoxytrifluorod kanesul f on- : ani | i de,
mp. 184-186[err]C. 15 : - Anal ysi s:

uwC 9 ON - 15

Cal cul ated for C[err]H[err]F[err]N[err]C{err]S 48. 1 3.5 7.5

Found: 47.8 3.5 7.8 he, fol | ow ng conpounds are prepared .

using the methad of ExarfA®: 10H2; 230 (l/mln)

4- (4- acet am dophenyl thio tr|flyoropeth?nesulfonanlI|de m p.
185.5-187[err]C. 20 ime:

3-acet m do- 4- phenyl otrifluoronetha opanilide, mp. 179-182.5err]C
20 | d%éan??ﬁpﬂ- ﬁ%ﬁ?Ttﬂﬁ@# { ¢€bronethanesulfonaniIide, mp.. -
185. 5-187[err] C Exanple 11

4-Phenylthiotrif|uoronetﬂﬁﬁ%§ﬂf?6hanlI?%% % di ssol ved fn'glacial acetic
acid and treated, ¥WthH§?§§ﬁQh. |§§0?5Pﬁ”t(9?m19 ypercent nitric

acid. The Wixture is stifred ong en poured in water. The

oo efhone oo oo SER O RIB EO PR eSS afiple cmprrhle
mp. | 10§i§iégﬁ[§£§e£;of about 0.29 pm was formed.
o  (6) The wafer was exposed at 900°C in an
atmosphere wherein onygen and hydrogen were mixed, and
'iOi the single crystal silicon layer was oxidized to form
silicon oxide film of 200 nm.
(7) The resultant wafer and a second Si wafer
. were washed with a medical solution_that is used in a
common semioonductor fabrication process. The wafers
‘15 - were then dipped in a diluted HF solution for a final
medical washing, rinsed with pure water, and dried.
Then,'the surfaces of the two wafers were slowly |
aligned brought into contact and bonded together.
Following this, a thermal process was performed on the
20 resultant structure at a'temperature of 1180°C, 5 min.
(8) Then, the reverse face of the ‘wafer on which
porous silicon 1ayer was formed was ground and the
porous Silicon layer was exposed across the entire
surface of the substrate. The wafer was then immersed
25 for two hours in a solution of HF and th. The.porous
s1licon layer was removed by etching, and an epitaxial

siLicon_layer of approximately 0.2 ym was formed on the;



Anal ysi s: % %1 N

"Cal cul dted for C[err]H[err]F[err]N[err]O[err]S[err] 41. 25 2.4 7.4 30
Found: 41.2 2.4 7.4 30 ' The
fol |l owi ng conpounds are prepared using t+h&80net hod of Exanple 11: -

2- (4' - Chl or ophenoxy) - 4- n|trotr|fluoronethanesulfonanlIlde m p.
129-130[err] C _

5-chl oro-4-nitro-2- phenoxytrlfluoronethanesulfonanlI|de ‘mp.

123-125[err] C -

5- et hyl - 4- ni trs(?cf’"&&&aﬁ-‘ﬁtﬁ Yoo been Siddqon, exide &% p. 97-99[err]C.

T 13s[err o Y A el ERRONS W PR ! | de. m.
4-nitro-2- phengﬁ¥ i.d 9 |
4-ni tro-2-phenyl |ott&¥l "Jor ovet hane@%agéJnanqie"@e%a&&e g:[f%&o?[ err

Exanpl es 12-15 g4 fHE%nP%ﬁﬂﬁf éyé of ‘the preparation of conpounds of
Forrmula | by thho EHQ? éﬂﬂ Exanpl e

12 5 (10) When the surface of th@Je itaxial silicon
Sodi um 2- net hyl - 4- phenyl sul f onyl tr|fIuoronethanesulfonanlIlde in acetone

I's - conbiyedd wiis Rhdtoug1ID obseifield byOusiingy la Namir@fiar mat e and
the mixture is stirred - ~at room tenperature overnight. The m xture
is filtered anditfiferdertirl 6 erfearaned optical microstitpe,0 i was
N—ethoxycarbonyl 2- met hyl - 4- phenyl suffonyl trifl uor onet ahnesul f an- 45
ani l i de, mp: toflizdfest fh@dt an SOI substrate that had extremely few

45 The fol |l owi ng conmpounds are prepared using the nethod of
Exanpl e 12. crystal defects was acquired.

N—ethoxycarbonyl 3- phenoxytrlfluoronethanesulfonlI|de b.p. 175[err]C./0.1
mm (Nigeteeridi Fahoddment) 2 - nethyl - 4 -

: phenylthlotrlfluoronethanesulfonanlIlde
: _ In_the same manner as in the first embodiment, a

spin'coating film was formed on a first surface of a

single crystal'Si substrate follewed by baking. The

resulting wafer was then placed in a furnace core tube
15 to form a diffusion 1ayer on the reverse surface of the

substrate in the same manner as in the fourth

: embodiment. Subsequently, the same proceses as in the -
fourth embodiment were'performed to fabriCate.an SoI
substrate. The obtained SOI structure nad a good

20 crystallinity.

25



n1p 63 64. 5[err1C 50 B Exanmpl e 13
3- PhenoiierlflUOronethanesquonaniIide is dissolved in

acetone Hmuﬁ‘““ﬂﬂl | equi nol ar anmount of sodi um carbonate and
stirred o

thyl iodide is 51 - added and the m xture is.
stirred overnﬁgHt he mxture is filtered and the filtrate

evaporated in vacuo. The residue is extracted with a m xture of chloroform
- and water, 55 then the chloroformlayer is dried over anhydrous

”BQHESiUW1$U|fE$£E¥T¥§ Eg!ggggoigl 55 is evaporated in vacuo to
give a residue * The product, N-nethyl-3-
phenoxyt ri {1 uor onet hanesy! fgpagk! kg BBk Sq8lnd % %&9{8&&&4&05 m

éganple -13 sJ@§t£9£eO&bﬂgrEQEHBUEHe'§tQ§§p@fed using the nethod of

N- et hy' 3- pheny! t hi ghpi by urGOaEa2EES LA OREEhbE J6o 81 Pud80L 8aTAC. / 0. 05

mm
. 5 silicon substrate, an element, which is capable of .

.coﬁtrolling a conductive type, and to form a diffused
fegion; | |
| forming a perous layer in said diffused regidn;
forming a noh-poious single crystal layer on said
10 porous layer; | |
bonding said non-porous single crystal'layer'to a
base substrate, while an insulation layer is provided
either on a surface to be bonded of said non-porous
single crYétal laYer or on a surface to be bonded of
15 . said base substrate; and o

removing said porous layer.

2. A method for fabricating a Semiconducfor
.substrate according to claim 1,'wherein_said element
20 ~ that is capable of controlling said conductive type is
| an element that is capable.of controlling a conductive

N-type siiicon.

3. A method for fabricating a_semicondﬁctor
25 substrate according to claim 2, wherein said element
that is.capable of controlling said conductive-type is

selected from a group consisting of P, As and Sb.



Exanpt-e-14 Sodi um

2-met h hen IsulfonyltrlfluoronethanesulfonanlI|de Is dissolved in 5
1, 2-di. H"’m ",ﬂ Hm,ﬂmgentle heati ng. An equi nol ar anpbunt of cyanogen
brom d i ssol ved in a smal P2armount of 1, 2-di met hoxyet hane
‘and added fo the wirm' solution. The mixture is heated to its reflux
t enperature and maintained there for one - hour. The m xture is
filtered and the filtrate evaporated in vacuo to gi ve the desired

product, N - cyano -

t hyl
phenyl sul fonyl trifl &Uro%mﬂﬁ%&lf%nafﬁq rigatipg a seﬁ\iﬁongéwgt?%[ err]C.
10

Sodi um 2- et hy SUPSHFaER agerding A l‘f&rag‘l‘}‘etlhaﬁ’%ug{ 1em|er?tacet one

I's stir whi | in ui I n I
chloride, and s asz C%p%%q' %fa%o r %e go%g‘rllﬁil g fJe :Es/
filtered, and the f'eln{er g IgE 1]]_5_ 'Q&‘dlﬁ,% dpee is

di ssol ved |n d%b Fg?one gﬁgﬁ: ed with Iutengodlun1hydrOX|de 15

and finallgy Fmﬁcry?' Eﬁ%ﬂrj_
N- medi anesul fonyl et hyl - phenyl sul fonyl t ri-

. fluoronet hanesul fonanilide, is recovered by evaporation of the
. di chl or onet hane . foll owed by elution chromatography of the product,
an oil. Fixaminkechidd vt Fabrdloaitango a rsenﬁmm\mtm of salts

according to Fornmula | from 20 t he aci d-form conpounds. .
20 - substrate according to claim 4, wherein said element
'that is capable of controlling said conductiv_e type is

10 B.

6. A method _'for fabricating a semiconductor
substrate according to claim 1, wherein said diffusion
method is a process for thermally diffusing said_

15 element in a silicon substrate.

7. A method for fabricating a semiconductor
‘substrate accordingl to claim 5, wherein said element
that is capable of controlling said conductive type is '

20 supplied while a gas is used as a source.

8. A method for fabricating a semiconductor
slubs.trate according to ciaim 7, wherein said gas is
' B,H,.
25
9. A method foi- fabricating a semiconductor

substrate according to claim 5, wherein said element



.Exampl e- 16 The preparation of triethyl anmoni um
3-ephenoxyper f | uor oet hanesul f onani | i de. Crude

3- phenox ul fonanilide (4.7 g., 0.10 nole), prepared ffom
perfl uorﬂlﬁllmllmlﬂllﬂﬂmn uori de and 3-ph&Boxyaniline by Method A,
di i sopropyl &ther m5°% (50 m.) and triethylamne (20.2 g., 0.20 nole)

are stirred for six hours at room 25 tenperature, the solution is
filtered and the salt is isolated by renoving the volatlles in
vacuo. The product is triethyl amopni um

3- phenoxyper f | uéP8dt #&n @fl icg@atrolling smﬁicﬁomummttma Asd from
a diisopropyl ether-lsopropanol m xture, mp. 80. 5- 82. 5[err]C 30
Anal ysi's: upplied while a liquid is used as a source.

30 Calculated for C[err]H[err]F[err]hKIerr]S C, 51.3;
H 5.4, N 6 0 Found: C, -51. 4,

H 5.4; N 5.8 8 A mg%b%% tfjg’?'r%?’%%%?ﬁ% faﬁié% 8&’1%’ he fcl | owm ng

conpounds are preparé

phenoxytrlgluorgggg%;g%gugkgggalb pheny ghlopér erein said éﬁ% §4h%fr]c

35 _ triethylamonium uoroet anes onanH
mp. 78.5-81. 5[@5&% triethylamonium 2 - (4 -

chl or ophenoxy)trif uoronethanesulfonan|llde m p.

78-84[err]C.. trlethylannnnlun1 5- amno. - 2 -

phenoxydi f | uor omet hanesul f onani | i de,” m p.
11. A method for fabricating a semiconductor

substrate according to claim 5, wherein said element
_10 that is capable of controlling said conductive type is

supplied while a solid is used as a source.

12. A method for fabricating a semiconductor
substrate according to claim 11, wherein said solid is

15  B,0,.

-13. A method for fabricating a semiconductor
substrate accordihg to claim 5, wherein said element
that is capable of controlling said conductive type is

20 supplied from a solid material_formed on said silicon

. substrate.

14. ‘A methcd for fabricating a semiconductor
substrate acccrding to claim 13 wherein said solid _
- 25 material .is selected from CVD film, BSG and spin coated

film.



40- T —70-120[err]C. (d.)

40 triethylamonium 5 - nitro.- 2 -
phenoxyd‘m ’Iumn fonanilide, mp. - -70-74[err] C
tri-ethyl a nylthio - 2 - - 54 - ' _

trifluoronethylt ri'f | torvet hanesul f on- ' ani l'ide, mp.
88-92[err]C. 45 triethyl amonium 5 - chloro - (2,4 -
di cl orophenoxy)trifl uoronmet hane- 45 suI fonanl | ide, mp.

127-129[err] C. , = ' L ' . e 17
3- Phenyl sul f onyl perfﬂ%or&rﬂﬁﬂ}%tﬁ%rfémqli%jing & mmﬁ%t one and

treated, w th an equi npl ar nt, of. sodi um.carbonate. .The solution
is stirred oversMRfhirate,acoRyding ftiq t’-‘glrae‘d“ ’8\%’5&(?%%% %Sort 0
give a white solid. The product, sodjum

sul f onyl per f | uGfoSaish & et es |%a9'%greyﬁ qon(%&?]‘rlri&ﬂ |Ssaolﬁ‘r opanol
and found to conductrieve typ%hea’ dt megg eéc{d}(ained in said diffusion

Anal ysi s:

Cal cul at e% for 1%3(?{ 1id gcf 14d fid ddNaH £ rsaﬁ[cfrcfdncer?é'aﬂ:iorg e

Found:
within a range of from 5.0 x 10“/cm to 5.0 x 10*°/cm’.

i16. A method for fabricating a semiconductor
substrate according to claim 15, wherein said |
10 concentration of said element that is capable of
controlling said conductive type and that is contained
in said diffusion iayer is so adjusted that said
concentration lies within a range of from 1.0 x 10*"/cm®
to 2.0 x lom/cm
15 |
17. A method for fabricating a semiconductor
~ substrate according to claim 16, wherein said
concentration of said element that is capable of
'controlling said conductive type and that is contained'
20 “ in said diffusion layer is so adjusted that said
concentration lies within a range of from 5.0 x 10”/cm3_

to 1.0 x 10%/cm’.

18. A method for fabricating a semiconductor
25 substrate according to claim 1, wherein a thickness of

said diffusion layer is 500 A or greater.



1, 366, 564— — ' 17 - The
foII nd i s prepared using the nethod of Exanple 17.
sodllm"j 'ﬁﬁ H noxyt ri fl uoromet hanesul fonilide, mp. 281-282[err]C

The onal conpounds of the $%vention are al so prepared
ut|I|Z|ng one or another of the preceedi ng processes:
Mel ting Point . Nane

(in C) 4- (1-naphthylthio)trifl uoromet hanesul -

74-76
4-(1- naphthylsuIfony*?tr|4ITﬁﬁ%ﬂétﬁ%ﬁefabriﬁqﬁiESQa semiconductor

sul fonanilide

4- ( 3- nethoxyphéﬁ??%fﬁ??%y?ﬁ??¥q+%%rgﬂé?%ﬁﬂ@ 1, Wﬂ%ﬁei%39°r°SitY of

said porous layer is so controlled that said porosity

is 50% or lower.

20. A method for fabricating a semiconductor
substrate according to claim 19, wherein said porosity
of said porous 1ayer is so controlled that said .
dporosity lies in a range of from 1% to 40%.
10 | |
21. A method for fabricating a semiconductor
substrate according to claim 20, wherein said porositj
of.said porous 1ayer_is so controlled that said
'porosityllies in a range o£ from 5% to 30%.
15 .- .
22. A method for fabricating a'semiconductor

substrate according to claim 1, wherein said non-porous

single crystal layer is a single crystal Si layer.

20 23. A method for fabricating a semiconductor
substrate according to claim 1, wherein said non-porous
single crystal layer is a single crystai compound

semiconductor layer.-

25 : 24. A method for fabricating a semiconductor
:subStrate according to claim 22, wherein said

~insulation layer is selected from a group comprising a’



sul-fonani | i de
4-1 3- nethoxyphenylsulfonyl)trlfluoro- 161- 163

4 E QaﬂlﬁlﬂmﬂLHIILmﬂﬁlllm finyl)tri- = 56164. 168

f I uor ofret hanesdl f dnafhi | i de _ :
- 4-(3,4-di chl orophenyl sul fonyl )tri - 176-180
quoronethanesquonaniIide

- 4-(2, 5-dichl Or%&% J.dra/lfitlrn\ a deposit@B s, film and a

f | uor onet hanesul T onani |

4-(2,5-dichlor ﬁgdfgyﬁﬂ)film. 164- 180
f1 uor orret hanesul fonani |1 de > _
4- (4- br ono- 3- et hyl phenyl sul finyl) - 2- 133-136

met-hyl tri fl uoronet hanesul f onani |l i de
4- (4 brom) 3- net hyl Lﬂﬁenylzsuﬁéﬂmd )E@r ffiSeildBting a ‘semiconductor

5 substrate according to claim 24, wherein said
insulation layer is formed on a side of said non—porbus

single crystal layer.

26. A method for -fabricating a semiconductor
10 = substrate according_to claim 24, wherein said
. insulation layer is formed by thermally oxidizing a

surface of Said'single_crystal silicon layef.

27. A method for'fabricating a semiconductor
_15 substrate accordiﬂg to claim 1, wherein said bése'

substrate is a single crystal silicon SUbstréte.

28. A method for fabricating a semiconductor
substrate according to cléim 27, wherein an oxide layer
20 is formed on a face of said base substrate that is to

be bondedf

29. A method for’fabricating a semiconductor
substrate accofding to claim 27, wherein said face of
25  said base substrate that is to be bonded is formed of

Single_crystal silicon.



methyl trifluoromet hanesul fonanilide

4-(4-t = =met hyltri- 101-104
f1 uor omet hanesul f idd de
4-(4-t- b‘MﬁMﬂl‘ﬁﬂMi‘w )-2-methyl - - 5%5%- 165
trifluorlof | ide
4-(4-t-butyl phenyl sul fonyl)-2, met hyl - 189-193
trifluoronethanesul fonanilide
3-(2, 4-di met hyl phenyl thio)trifl uoro- 160-162/0. | mm

met hanesul fonani | i d80. A method for fabrlcatlng a semiconductor
3-(2, 4-di net-hyl phenyl sul finyl)t ' 115-122
fIuoronethanesﬁqbﬁﬁﬁﬁqq(ﬁ?cordlng to claim 1, wherein said base
3-(2,4-di met hyl phenyl sul f.on tr| 106- 111
fl l(JOI’OITEt hane)s/lﬂp %‘rﬂ ¥“ de of glass.
3-(

1- naphthylthlo)trlfluoronethanesul . 172-180/0. 18mm

5 31. A method for fabricating a semiconductor
substrate according to claim 24, wherein said
insulation layer is formed on a 51de of said base

support.

10 ' 32. A method for fabricating a semiconductor
subétrate according fo'claim 31, whetein said
insulation layer is formed by thermally_oxidizing a

single crystal silicon substrate.

15 _ 33. A method for fabricating a semiconductor.
substrate according to claim 31, wherein said

insulation layer constitutes a_glass'suberate.

34. A method for fabricating'a semiconduétdr
20 substrate according to claim 31, wherein bonding is
performed without said inéulation layer being formed on'

said non-porous single crystal layer.

'35. A method_for fabricafing a semiconductor
25 _substrate according to claim 22, wherein said non-
porous silicon layer is formed by epitaxial growth

after interior walls of pores of said porous layer are



foani | i.de 3- (I -napht hyl sul finyl)trifluoromethane-

143-149 sul fonani |l i de
iﬁ%ﬂiﬁ?ﬂﬂlﬂﬂﬂ"lﬂﬂﬂlllﬂflllf' voromethane- 5134-14% 306, 564
Mel ting P&inf a* Name | 0 (in

[err]C©) 3-(3, 4 di chl orophenyl t hi o) trlfluoro-
174--176[err]/0 8 met hanesul f onani | i de

oxidized.

36.. A method for fabriCating a semiconductor
Qubstrate according to claim 35, wherein said non-

5 | porous silicon layer is formed by epitaxial growth
- after a thermal proceés is performed on said porous

layer in a hydrogen atmosphere.

© 37. A method for fabriéating a semiconductor
10 | Sﬁbstrate aééording tofclaim 1, wherein said porous
.1é§et is.remoﬁed by using hydrogen fluoride, a.mixfure
of hydrogen fluoride and, at least, either alcohol or
~ hydrogen peroxidé, buffered hydrogen fluoride, or a
mixfﬁre of buffered hydrogen fluoride and, at least,

15 either alcohol or hydrogen peroxide.

38. A method for fabricgting a semiconductor
substrate according to claim 1, wherein a thermal
process is performed in a hydrogen atmosphere after

20 said porous layer is removed.

39._'A'method for fabricating a semiconductor
substrate domérising.the stepé of: .
emplofiﬁg'a diffusioﬁ mefhod-fo diffuse an
25 element,_which is dapable of controlling a conductive
 type, in'a_firSt surface of*a'siiicon substrate and in

a second surface on a reverse side of said first



3- (2- naphthylthlOTTTTfTUUTonethanesul 67.5-71 fonanilide

3-(2-na "lln' I f1 uor onet hane- 180- 187 sul fonani |l i de

3-(2- na$ ' ,ﬂm Hm‘ Egifluoronethane- - 175-178 sul fonani | i de
3-(4-fluerophenylmsulsti wyl )trifl uoro- - 92-94 met hanesul f onani | i de
3-(4-fluorophenyl sul fonyl)trifl uoro- - 59 408-112 met hanesul f onani de
3- (2- net hyl phenyl sul fonyl )trifluoro- 114-120 = net hanesul fonanili de
3-(3- nethylphenylsulflnyI)trlquoro- 98-101 met hanesul fonni | i de

surface, and to form a diffused region}
forming a porous layer in said diffused region
that is formed on said first surface;
forming a non-porous single crystal layer on said
5 . porous layer;
bonding said non-porous singlé crystal layer and a
base substraté,.while an insulation 1ayei is provided
either on a sufface to be bonded of said non-porous
single crystal léyer or on a surface to be bonded of
10  said base substrate; and

removing said porous layer.

40. A method for fabricating a semiconductor
substrate accordiné_to claim 39, wherein said element
15 that is capable of controlling said cbnductive type is
an elemént'that is capable of dontrolling a conductive.

N-type silicon.

41. A method for fabricating a semiconductor
20 substrate according to claim 40, wherein said element
‘that is capable of controlling said conductive type is

- selected from a group consisting of P, As énd Sb.

42. A method for fabridatingfalsemicbnductor
25 substrate acCording'tq claim 39,'Wherein said elément,
that is capéble of controlling said conductive type is.

an élemeﬁt fhat is capable of cOntrqlling a conductive



-(3-me M&@YM:%P“ f1 uor o- 92-94  net hanesul fonani | i de

-(4- nethylphenylsulflny rifluoro- : 103-104 nmet hanesul f onani | i de

-(4-t- bumnmmm/m ” )t'r'i fluoro- 183- 186 net hanesul f onani | i de
(1- napt ﬂl l[ﬂvuorunethane- 175-178 sulfonanilide

3

3

4

4_

2- et hyl - 47 ( 2¢ ndpht*hyst hr o) tri fl uoro- - 60 %16-117 nethanesulfonanilide
2

f

1

-nethyl 4-(2-naphthylsul finyl)tri- - 165-173
| uor omet hanesul fonani |l i de 2-net hyl -4-(2-napht hyl sul fonyl )tri-
65-167 . fl uoronet hanesul fonanili de

P—type of silicon.

43. A method for fabricating a semiconductor
substrate according to claim 42, wherein said element
5 that is capable of controlling said conductive type is

B.

44. A method for fabricating a semiconductor
substrate_eccording to-claim 39, wherein said diffusion
10 method is a process for thermally dlffu51ng sald

element in a silicon substrate.

45. A method for fabricating a semiconductor
substrate according to claim 43, wherein'said element
lS that is capable of controlling said conductive type is

supplied while a gas is used as a source.

46. A method for fabricating a semiconductor
substrate according'to claim 45, wherein said gas is

20 B,H,.

47. A method for fabricating a semiconductor
substrate according to claim 43, wherein said element
that is_capable of controlling said conductive type is

25 - supplied while a liquid is used as a source.

48. A method for fabricating a semiconductor



~ 2-methyl -4- (1-naphthylthio)trifl uoro- 115-119 met hanesul f onani | i de
2-'met hyl - 4- (1- napht hyl sul I finyl)tri- 205- 209

f 1 uor onet Hﬂu 2- met hoyl -4- ( 1- naphthylsulfonyl)trl- '
190- 195: nmﬂﬂ “ﬁmleuil“ff onani | ide 4-(3-nmethoxyphenyl sul finyl)-2- rret hyl -
138- 140" tri¥l dor dnmefhahesul.f onanilide- 61 -

-4- ( 3- met hoxyphenyl sul fonyl ) - 2- et hyl - - 135-137
‘trifluoronethanesul f onanilide

substrate according to claim 47, wherein said liquid is

BBr,.

49. A method for fabricating a Semiconductor
5 substrate according to claim 43, wherein said element.
that is capable of controlling said conductive type is

eupplied while a solid is used as a source.

~50. A method for fabricating a semiconductor
10 substrate according to claim 49, wherein said solid is

B,0;.

51. A method for fabricating a semiconductor
subétrate.according to claim 43, wherein said element
15. that is capable of controlling said conductive type is
supplied from a solid material formed on said 31licon

substrate.

52. A method for fabricating a semiconductor
20 substrate according'to claim 51, wherein said solid
material is selected from CVD film, BSG and spin coated

£ilm.

53§ A method for fabricating a semiconductor
25  substrate according to claim 39, wherein a '
concentration of said element that is capable of

controlling said conductive type and that.is contained



'Nthing-Point Nane

(in [er'rTC 4- (4-acetam dophenylthio)-2-nethyltri-
- 153-154 f thanesul f onani | i de '

4- (2, 4-di rr’mﬂl@ﬁﬁg"ﬂﬂm’ nyl )-2-nethyl -  157- 160

trifluorometha 4% de : - 62 -

4-(2,5-di chl orophenyl sul fi nyl)-2-nethyl - 156- 160

trifluoronet hanesul fonanilide
“3- (3-net hoxypehnyl thio)trifl uoronet hane- 180- 18510. 4nm

sul fonani | i de 3-(3-qethoxypheny|sulfonyl)triffuoro-
83- 88 in said diffuslemdayer ddhisq adjusted that said

concentration lies within a range of from 5.0 x 10%¢/cm’

to 5.0 x 10*°/cm’.

5 54. A ﬁethod for fabricéting a sémiconductor
subétrate éccording to claim 53, wherein said
concentration of éaid element that.is capable of
controlliﬁg said conductive_type and that is contained
in said diffusion layer is so adjusted that said

10 concentration lies within a_rahge of from 1.0 x 10'"/cm®

to 2.0 x 10%°/cmd.

55. A method for fabricating a semiconductof'
subétréte;aCGprding to claim 54, Wﬁerein_said o
15  concentration of said element that is capable of_-
cohtrolling said conductiVe type and that is contained
in said diffusion layer is sd'adjuSted'that said
concentration lies within a rénge of from 5.0 x 10'/cm®

to 1.0 x 10*/cm®.

20
56. A method for fabricating a semiconducfor .
substrate according to .claim 39, wherein a thickness of
said diffusion layer is 500 A'or greater.
25 57. A method for fabricating a semiconductor

.substrate according to claim 39, wherein porosity of

said_porous layer is so controlled that.said porosity



4-UhenyTThr0*8~LLLLLQQL9H§EhyItrifIuoro- 75-78

netanesu i ‘4- (2, 5-di net hyl phenyl thio)trifluoro-
163- 165 l{i&WﬂWu met hanesul f onani | i de
4- (2, 5-di umwlnyl)trlfluoro- 164- 168 S

nethanesulfonanlllde - 63

4-(2, 5- dlnethylphenylsulfonyl)trlfluoro- 158 161

met hanesul f onanilide Exanpl es 18- 22 relate to the
preparation of precursors of conpounds of ~ Formul a

Exanpl e 18 5 Under a nitrogen atnosphere a n1xture of

2-chl or ophenol ¥263@% T OWRR-nole), 5 pyridine (25 m.) and

~ benzene (50 m.) is heated to rapid reflux and treated with 0.20
equi val ents of aqueous potaSS|un1hydrOX|de Water is renoved by azeotropic

distilla- #% h%e@hggrkgg 9&b¥9§§%1 Uésseﬁbgogapétaé i s then

renmoved by distillat on s coo ow Its b0|I|ng'

poi nt and 3- brQ¥E§$%£8g§eé88$ﬁ&4ﬁ?4tg clgiﬁo nere%H Saldaﬁgrggg%gus

.chloride 2.0 g xture Is t eate for 20 hours at 10
5 of said porous layer is so controlled that said ' '

poros1ty lies in a range of from 1% to 40%.

59. A method'for-fabricating a semiconductor
substrate according to claim 58, wherein said poroSity
- 10 ‘of said porous layer is so controlled that said

porosity lies in a range of from 5% to 30%.

60. A method for_fabricating a semiconductor
substrate according to claim 39, wherein said non-
_15_ porous single crystal layer is a single crystal Si

layer.

61. A method for fabricating a semiconductor
substrate according'to'claim_39, wherein said non-
20 = porous single'crystal layer is a single crystal

compound semiconductor layer.

62. A method.for fabricating a semiconductor
substrate according to claim 60,jwherein said
25 | insulation layer is_selected.from a group comprising a
| thermal'oxide film, a deposited sio, filn and a

deposited Si,N, film.



160[err]C, then mxed Wih 10 per cent hydrochlorie acid. This m xture is

| ??éé??éﬂilmﬂﬂllmlu [k o a2 R arocs X" 1 O ol henyt ether,
Usi ng the met hod of Exanple 18, the

follomnng conpounds are al so prepared: - 44 -
2, 3-di net hyl - 3" -ni trodi phenyl ether, b.p. 160-162[err]C. /0.3 mm
15 4-chl oro-3' - ni trodi phenyl ether, b.p.165-178[err]C./0.6 5
m 3-chl oro-3' -nitrodiphenyl ether b. p 160- 180[er ]C . 6
mm h . 4- met hoxy- 3' - ni t rodi phen ether @§¥%%Fgerr] ./0.6
- mm : 63+ & BBFBPENEPRy FRRTLG FBQlBh@ﬁVP
.%gO[err]C /0.11 gg%ratéoaccordlng to claim 62 WE%IGLP ngd

Creshly distil Ledd HLoRRoRaLel 2450 srnell 285 oWt e&‘dgeﬂarm e 14. 95

g. percen actirve) are m xed under nitrogen
-atnosphere and X - 95 percent ethanol (250 m.) _
over ni ght. The® %ﬁ%i% SQ ?gh %8?eg°is filtered, separated - from
cuprous oxi de and drled 25 . Cuprous thiophenolate (17.25 g.
0.10 nD+e§ is dissolved with 3-brononitrobenzene 25 (20.2 g.

0.10 nmol e) in quinokiane alRBthbd) ford fRYPridiating?@ @bﬂﬁdnnﬂduinmxi(under
a ni'trogen atnosphere) for one hour at 150[err]C. and two hours at

165- 170[ err] C. sibetrate accordiingute icdadeolédd, whegreigowadd i nt o aqueous
hydrochloric acid (160 m . concentrated hydrochl oric acid, 600
nl. water) andissulatdonwdayear 4s mm@awn%l% ardcliing @ 30

and extracted with diethyl ether (2 x 150 m_.). The ether |ayers are washed . -

with 10 30 surface o sald single crystal silicon layer.
10 |
65. ‘A method for'febricating a semiconductof
substraté according te claim 39,. wherein said base

substrate is a single crystal silicon substrate.

15 ' 66. A'method for fabricating a semiconductor
| ~ substrate according to claim 65, wherein an oxide layer
is formed on a face of said base substrate that is to

be bonded.

20 67. A method for fabricating a semiconductor
substrate according to claim 65, wherein said face of
said base'substrate that is to be_bonded is formed of

single crystal éilicon.

25 68. ‘A method for fabricating a semiconductor
substrate according to claim 39, wherein said base

substrate is made of glass.



per‘cent *hydrochl oric_acid., wat er, concentr at ed ammoni um hydr oxi de and

wat er, then dried over magnesium sul fate. Fractional distillation
ylelds 3 lﬂﬂ lflde ~(150-180[err]C. /0.7 mm), which
sol [ d|f| nlmmm:m Iﬂl |when suspended in petrol eum ~ ether.

- 651-306, 564 ' '
Exanple 20 A mxture of 2-nmethyl-5-nitroaniline (76.1 g, 0.50
nol e) concentrated hydro- .chloric acid (75 m.) and water (200 ni.)
is heated briefly on a steam bath and an ~additional portion of
hydrochloric acid (75 m.) is_added. This solution is cooled to 5 and
maintained at 0 to @?errfcﬂeﬁhﬁdtf@ﬁt@&bﬁFFﬁtéﬁﬁlGnFﬁWFHQH9W9¥9%Sg., 0.50
nole). 5 solualon of s dlUW]Bydr% xi de (50 % 1.25 nole) in.
water (300 ni . §up§tﬁgggeaccor ing to c aim 6 erein sai _ _

insulation layer is formed on a ‘side of sald base

support.

70. A method for fabricéting a semiconductor
substrate according to claim 69, wherein said
insulation iayer is formed by thermally oxidizing a
single crystal siliéon'substrate;

10 |
71. A method fbr fabricating a semiconductor
‘'substrate according to ciaim'69, wherein said

insulation layer constitutes a glass substrate.

15 ' ' 72;' A method for fabricating a semiconductor
‘substrate according to claim 69, wherein bonding is
performed without said insulation layer being formed on

said non-porous single crystal layer.

20 73. A method for fabricating a semiconductor
subétrafe éccording'to claim 60, wherein said non-
porous silicon layer is formed by epitaxial growth
after interior wélls of poies of said porous iayer-are
oxidized. . o | |

25 |

74. .A method for fabricating a semicondUctdr

substrate according to claim 73, wherein said non-



t o *90[ érrJ C. _under a nitrogen atnosphere and thi ophenol (110 g., 1.0 nole)
i s* added _ Th lution is treated with the solution of the
di azoni ummmﬂm’i”"['jﬁmm ) _ portions: over a period of one hour.
“Finally the an Xt uime intained at 90[egg] C. for one 10 hour, then
acidified with hydrochloric acid. The solution is steamdistilled, the
resi due 10 Is extracted with dichl oronet hane and the
“2-net hyl -5-ni trodi phenyl sul fide is separated by fractional
distillation b.p. 148[err]C. /0.15 nm Wen recrystallized tw ce from hexane
its mp. is 65p8ré@EeEilfcon layer is formed q¥ epitaxial growth |
-Exanple 21 A m xture of alum numchloride (29.4 g., 0.22 nole)
and benzene (25ftét. 2 theihal prbeeskedsaperEorednion) said porous
3-nitrobenzenesul fonyl chloride (44.3 g., 0.250 nole) in benzene 15
(50 m.) over haperi dd af hylrogennatmbephesiet.er ei ghty m nutes additi onal
al um num chloride (9 g.) is added. After an additional ninety
mnutes the mxture is cooled, then poured into a hydrochloric
acid-ice mxture. This m xture is extracted with dichloro- met hane
and the d?Pchl oronet Rdne PAsMekBRA: £ppy £@bricpddng sTRemd@anguctor
3-ni trodi phenyl - 20 - sulfoae 1s._a pal gblow solid afte
recryst al'| i zat PBRSETBkPBREATAING, O a§§{ +] Wherggn said porous
Example 22 - “_Crude 3:nitraqd enyl sul fide .6 9., 0.2 mole, 96
percent) is heht¥aTalS45FBPYEE B Pﬁlngp?’y%%fqﬁﬁo(crégle'( fO-"b"‘.’gtliﬁ?der a
hydr ogen gas a (3 . for _sixtee S : t.h | (200
m.). Sul fur mggoggggégeﬁhgig%%ﬁrea@% | P'g‘rg% 'ar?& f& & caorlllol %gfmve'd 25
i n vacuo. The yehl-guedi hedbsiik!, etulrel2d Bydiodeh) £l udPided) H
_3-thiophenoxyan?#in§% E%_' ! DUsEe Bk FHOREaE, =
10 ' mixture of buffered hydrogen fluoride and, at least,

either alcoho; or hydrogen peroxide.

76. A method for fabricating a semiconductor
substrate according to claim 39, wherein a thermal
15 process is performed in a hydrogen atmosphere after

said porous layer is removed.

77. A method for fabricatipg a semicbnductor
 substrate accdrding'to_claim 39,.Qherein a plurality of
20 . silicon substrates, each of which has said soli&
material formed on said first surféde, are arranged and
héated in a furnace to form said diffused region on |
éaid first surface and'on said sedond surface of;each
| “of said plurality of sﬁbstrates.
25 |
78. A semiconductof substrate acquired by‘a

method according to one. of claims 1 through 77.



whi‘ch was suitable for use w thout further burification.

Exanpl € 23 The sodium salt of -

5- am no- 2- phenoxytri fl uor omet hanesul fonani lide is reacted W th
ethyl chloroformate in acetone to provide _a good yield of

5- (N -car bet hoxyam no)- 30 2-phenoxytﬁ7fruoronethanesulfonaniIide, as
whi'te needles, mp. 116-117[err]C. 30 ' :

Anal ysis ' % o

Calculated for CJerr]Herr]Flerr]Nerr]O[err]S: 47.6 3.7
5 Found: 47.4 ; © Exanple
24 35 éggggﬁéﬁogg;gﬁghé§§¥¥%¥¥%%%onethanesfonaniIide is reacted

with formal dehyde »3R.thog fgrg%%dﬁyagﬂiﬂgﬁéjéﬂﬁ%&dﬂdﬂbﬁdktéﬁbéfﬁétéﬂomﬂ

Eschwei | er-C arke reaction an _ .
di met hyl am no) »2mpheaewy tthief 's;t@gyw%tﬁ@mwiwra ld i EusiBrP method to
S - obt :

127-135[err] C., | ai ned. _ _ o
Exanpl e 25 40 giffuse, it Metdinlitdurd -stjdaraeeyt rar lalomesret hasteseh fomani | i de
i s oxidized using.an excess - 40 of hydrogen peroxide in acetic acid

on a steam bat kapiieeploFldeintrollriay @ tadrethdive type, tdred athli foon af
water then recrystallized fromethanol to give 4-nethylsulfonyl-2-
phenoxyt ri f | uoddffuissade sediomanifidme ngng pagus gkaxer |in the "diffused
| regibn, forming a non-porous single crystal layer on
the porous layer, bonding the non-pbrous single crystal
layer to a base substrate, while an insulation layer is
iO provided'either on é surfade to be bonded of the non-
porous singlé crystal layer or dp a surface'to be

bonded of the basé substrate, and removing the porous

layer.

- This Sheet Has Been RTlaced :

i



Addi ti omal conpounds of the invention which have been prepared using

met hods' 45 hereof are the foll ow ng:

45 4- et hyl t hi o- 2- phenoxytri fl uor omet hanesul fonani | i de, m p.
82-84[err]C 2- phenoxydi f | uor omet hanessul f onani | i de m p.
57-58[err] C 5 - acetamdo - 4 - amno - 2 -
phenoxytrifuoromet hanesul fonanilide, m : 189-190[err] C
(d.) 50 5-am no- 2- (-4- fIuorophenoxy)trlfluoronethanesulfonanlI|de
i solated as the triethyl- 50 ammoni um salt, mp.

82-84.5[err] C
4-am no- 2- (4- chlorophenoxy)trlfluoronethanesulfonanlI|de I sol ated as the

tri- ~ et hyl ammoni um & 1
4- am no- 5- chl or o- 2- phenoxytri fl uoro 9 as the

triethyl- 55 é:’ : niumsalt, mp. 128-133[err]C.

55 4- n’l&.S rmgxy- 2} phenoxyt ri f | uor omet hanesyL{.dQi | i de,
isolated as the tri- et hyl anmonj um sal t
110-120[err] C '

4- am no- 2- phenyl sul fonyl trifl uoronet hat esul fonanilide, isolated as the
triethyl- ammoni um sal t, deconposes above 150[err]C.

200

FIG. 1B | | od
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3-chl ore-4-nitro-2-phenoxytrifl uoronmet hanesul fonanilide, mp 101-102[err]C
5 * acetado- 4 - nitro - 2 - phenoxytrifl uoronethanesul fonanilide, mp.
142.5-144.5[err] C.

2- (4-fluorophenoxy)-5-nitrotrifluoronethanesul fonanilide, mp. 95-97[err]C.

5 4-ni tro- 3-phenoxytrifl uoronet hanesufonanilide, mp. 63-66[err]C.
and 2-nitro-5- 5 pheno%yﬁfifluoronethanesulfonaniIide,
b.p. 155-160[err]C./0.1 mm are obtai ned as a mxture

separabl e by fractional distillation.
4-ni tro-2-phenyl sul fonytrifluoromet hanesul fonilide, mp. 141-142[err]C

WHAT WE CLAIMI S - 10 FIEI U(?)A kyl sul f onam doaryl conpound
characterized by the formula .
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[err] - wherein Rerr] is a |lower fluoroal kyl radical having at |east
two fldorine atons bonded to t he al pha carbon atom R is hydrogen,
cyano, al kyl, alkylsulfonyl, a cation or [err] wher e
Rlerr] is alkyl and A is oxygen or a carbon-carbon bond, Bis 15 :
oxygen, sulfur, sulfinyl or sulfonyl, Ar is phenyl or naphthyl, the or each

Y add the 15 or each Y' is sebgpﬁed I ndependently from hal ogen,

al kyl, al koxy, nitro, am no, al kan- am do, hal oal kyl, hydroxy,

di al kyl am no, car bal koxam no, al kylthio, alkylsulfonyl, al kanoyl ,

di al kyl sul fanmnoyl or al kyl sul fi nyl n a ' are independently zero, one
or two, provided that any indivi Ju:j]& i Q@AIC groups appearing in the- .
Rlerr], R, R, Y 20 and Y' npieties contain Rbgn1one to four carbon

at ons. 0 =N npound according to
claiml wherein Ris hydrogen.§&‘§§§§§§§§§§§§:&&‘x cngound according to claim
1 wherein Ar is phenyl. 4. A conpolind cording to claim1l
wherein Ar is naphthyl. 5. A conmpound according to claim1
wherein Ris a horticulturally acceptable 25 cati on.

25 6. A conpound according to claim1l wherein R err] contains

one carbon atom _
FIG. 3B
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7. “A conpound according to claim1l wherein Rerr]
8. A cdnpound according to claim7 wherein Rerr]

9. A conpound according to claim8 wherein Ris hydrogen. 30
conpound according to claim8 wherein Ris a cation.
11. A compound according to claim1 wherein B is oxygen.
conpound according to claim 11 of the‘é? mul a [errr]

0

5- am no- 2- phenoxytri fl uor omet hanesul f

according to claim1 wherein Bis sulfur. 35
15. A compound according to claim 14 of the formula [err]
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16 2-nmet hyl - 4- phenyl thi otrifl uoronet hanesul f onani | i de. 17.
2-Ni t r d- 4- phenyl t hi ot ri fl uor onmet hanesul fonani | i de. 40 18. A
conmpound according to claim1l wherein B is sulfinyl. 40
3-chl oro-4-nitro-2-phenoxytrifluoronethanesul fonanilide, np. 101-102[err]C
5 - acetamdo - 4 - nitro - 2 - phenoxytrifluoronethanesul fonanilide, mp.
142.5-144. 5[ err] C.
2-(4-f|uorophenoxy)-5-nitrotrifluorone5ﬁgkesulfonaniIide, mp. 95-97[err]C
5 4-ni tro- 3-phenoxytrifl uoronet hanesul fonanilide, mp.
63-66[err] C. and 2-nitro-5-

phenoxytri fl uoronet hanesul fonanilide, b.p. 155-160[err]C./O1 nmm are
obtained as a m xture separable by fractional distillation.
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4-rfitro- 2- phenyl sul fonyl trifl uoronet hanesul fonanilide, mp. 141-142[err]C.
WAAT WE CLAIM | S:- 10 1. A fluoroal kyl sul fonam doaryl conpound
characterized by the formula 10 [err] wherein R err] is a

| ower fluoroal kyl radical having at |east two fluorine atons bonded to

t he al pha carbon atom R is hydrogen, cyano, alkyl, alkylsulfonyl, a cation

or [err] where R is aldeyl and A is oxygen or a
car bon-carbon bond, B is 15 .oxygen, “sul fur, sulfinyl or sulfonyl, Ar is
. phenyl or naphthyl, the or each Y and the 15 or each Y' is selected

I ndependent |y from hal ogen, al kyl, al koxy, nitro, am no, al kan-

am do, hal oal kyl, hydroxy, dial kyl am no, carbal koxam no, al kylthi o,

al kyl sul f onyl , al kanoyl, di al kyl sul fanmoyl or al kyl sul finyl and n and
n' are independently zero, one. or two, provided that any individual

al i phatic groups appearing in the gﬁirlji ?5 R Y 20 and Y' noieties
contain fromone to four carbon at AJ. : 20
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2.%"A cqmpound according to claim1 wherein R is hydrogen. 3. A
cohpound according to claim 1l wherein Ar is phenyl. 4. A
conmpound according to claim1 wherein Ar is naphthyl. 5. A
conmpound according to claim1l wherein Ris a horticulturally acceptable 25
cation. :

25 6. A conpound according ypaplain11 wherein R err] contains
one carbon atom 7. A conpound according to claim1l wherein
Rlerr] is perfluoroal kyl. 8. A conpound according to claim?7
wherein R err] is trifluoronethyl. 9. A conpound according to
claim8 wherein Ris hydrogen. 30 10. A conpound according to claim
8 wherein Ris a cation. 30 _ 11. A conpound
according to claim1 wherein Bis ?qufgt ;Z?a ' 12. A conpound
according to claim 11l of the fornulfa o[ 13.

5- am no- 2- phenoxytri fl uor onet hanesul fonani | i de. 35 14. A conpound
according to claim1 wherein B is sulfur. 35
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SEMICONDUCTOR SUBSTRATE AND

FABRICATION METHOD FOR THE SAME

BACKGROUND OF THE INVENTION

Field of .the Invention

The present invention relates to a semiconductor

substrate, and to a method for its fabrication.

More

particularly, the present invention pertains to a

semiconductor substrate that can be applied for

10

dielectric _separation, or to an electronic device or an

integrated circuit that is fabricated on a single

crystal semiconductor layer on an insulator, and to a

. .fabrication method for the semiconductor substrate.

Related Background Art
15

The formation of a single crystal Si semiconductor

layer on an insulator constitutes a widely known

procedure that is called the silicon on an insulator

(SOI) technique.
been performed,

20

Many studies of this technique have
since with a device that utilizes the

SOI techhique a numbe: of superior features are made

available that can not be obtained using the bulk Si

substrates with which normal Si integrated circuits are

fabricated.

In this instance, therefore, by employing

the SOI technique the following superior features are

25 provided:
1)

integration capability.

Easy isolation of dielectrics, and large-scale

This is the replasement sheet

oae: 03 MAR 1997
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{er}]- ' 20.

2-met hyl - 4- phenylsulflnyItrlfIuoronethanesulfonanlIlde. , 21 A
conpOund according to claim1l wherein B is sulfonyl.. : 22. A
conpound according to claim 21 of .the fornula ) 5
[err] 23. The conpound :

2- et hyl - 4- phenlsulfonyltrlfluoronethanesulfonanlI|de .24, A -
conpound according to claim 3 of the 9%l a [err] 10 - 25 A

fl'uor oal kyl sul f onani doaryl conpound substantially as herein described in

any one of Exanmples 1 to 17 and 23 to 25. 26. A nethod for

regul atihg the growt h of higher plants which conprises contacting the

said plants with_an effective anmobunt of a co ggound according to any
of clains 1 to 2§ﬂMﬂIlEUCRﬁ!SW&ﬂRRﬂ3AND FABRI

METHOD FOR THE SAME

ABSTRACT OF THE DISCLOSURE
A method for fabricating a semiconductor substrate
comprises the steps of employing-a diffusion method to
diffuse, in a silicon subétrate,'én.element, which is
5 capable of controlling a conductive type, and to form a
diffused r;;ion, forming a porous layer in the diffused
region, forming a non-porous single crystal layer on

the porous layer, bonding the non—porous’single crystal

ot

'layer to a base substrate, while an insulation layer is
10 provided either on a surface to be bonded of the non-

porous singlé crystal layer or on a surface to be

bonded of tbe base éubstrate, and removing the porous

layer.

FIGURE 1

/// '
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'15 N 27. A conposition for regulating the growh of higher plants which

cdnS|sts 15 " essentially of a conpound according to any of clainms 1
to 25 di spersed in an extending " medium 28. A method for
regul ating the growth of higher plants substantially as herein

descri bed. 20 29. A conposition-fgy regulating the growth of higher
pl ants and substantially as 20 herein described.

REDDI E & GRCSE, Agents for the Applicants,

6 Bream s Buil dings, London, EC4A 1HN. Printed for Her Majesty's

Stationery Ofice by9t heA @ainhiosr £&r dhyrile=mingyacserBieondgnnr substrate
Publ i shed by the Patent O fice, 25 Southanpton Buildings, London, WC2A | AY,
from comprising the stepgieh: copi es may be obt ai ned.

forming a doped region on a surface of a silicon
substrate, said doped region containing an element which is
capable of controlling a conductive type;

forming a porous layer in said doped region;

forming a non-porous single crystal layer on said
porous layer; |

bonding said non-porous single crystal layer to a base
substrate, while an insulation layer is provided either on
a surface to be bonded of said non-porous single crystal -
layer or on a surface to be bonded of said base substrate;
and

removing said porous layer.
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SEMICONDUCTOR SUBSTRATE AND

FABRICATION METHOD FOR THE SAME
ABSTRACT OF THE DISCL.OSURE

A method for fabricating a semiconductor substrate
comprises the steps of employing a diffusion method to
diffuse, in a silicon substrate, an element, which is
capable of cohtrolling'a conductive type, and to form a
diffused region, forming a porous layer in the diffused
region, forming a non-porous single crystal layer on
the porous layer, bonding the non-porous single crystal
layer to a base substrate;'QHile an insulation layer is
provided either on a surface to be bonded of the non-
porous single crystal layer or on a surface to be
bonded of the base substrate, and removing the porous

layer.

FIGURE 1
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