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OF THE | NVENTk ON BACKGROUND OF THE srm | The pr@sent
invention relates to an SO substrate and ? hB¥PeAn sﬁ%P@ﬁWrggi
manuf acturing the sane and, nore 10 parti ¢8i%aims) tbpani subsiada

obt ai ned by a manufacturing met hod copfrDrawing(sp: picep . Of .. kopsh-ag. t W

substrates, and a met hod and system of gafiapdact u
A substrate having a single-crystal silicop I_yer&on baged . an |t°s§%eegtlng

| ayer is widely known as an SOp1{Skl beomu@nindbnThogul ator) substrate. —A

device using this SO substrate has many advantages that cannot be
achi eved by ordinary bul k Si$0T BUBSITATE (28D As one SO
technol ogy, the SOS (Silicon On Sapphire) t echnol ogy by whi ch
single-crystal sili¥EAHOD ARD SHETEMOEPRt HANHFACTYRONG THEaSaMBphire
substrate has been known for a long tinme. However, the single-crystal
silicon | ayer obtai ned by heteroepitaxial grovvt h has | ow crystal
quality. The SI MOX (Separation b Iant ed OXygen) 25

t echnol ogydhas appear ed nextBQ%é)w e%ﬂﬁ\ Gthe Sl MOX

t echnol ogy has been put into practice as a technlque

BACKGROUND OF THE INVENTION
The present invention relates to an SOI substrate and
a method and system for manufacturing the same and, more
_10 particularly, to an SOI substrate obtained by a manufacturing
method comprising a step of bonding two substrates, and a
method and system of manufacturing the same.
A substrate having a single-crystal silicon layer on
an insulating layer is widely known as an SOI (Silicon On
15 Insulator) substrate. A device using this SOI substrate has
many advantages that cannot be achieved by ordinary bulk
silicon substrates.
As one SOI technology, the SOS (Silicon On Sapphire)
technology by which single-crystal silicon is
20 heteroepitaxially grown on a sapphire substrate has been
known for a long time. However, the single-crystal silicon
layer obtained by heteroepitaxial growth has low crystal
guality.
The SIMOX (Separation by Ion iMplanted OXygen)
25 technology has appeared next to the SOS technology. The

SIMOX technology has been put into practice as a technique
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- 2- of inplanting an enornous nunber of oxygen ions into a silicon

substrate and annealing the silicon substrate to form an oxide film
buried at a depth of about 0.2 [err]mfromthe substrate surface.
However, the SIMOX technology requires a long tine 5 for inplantation of
a nunber of oxygen ions and annealing. This is di sadvant ageous for
productivity and cost. In addition, many crystal defects are generated
in the SO |ayer (single-crystal silicon layer) upon ion inplantation.
When t he nunber of oxygen ions to be inplanted is decreased, 10

prescribed fi Ic;g tecﬁ ¥106 afrhsneﬁngﬁ félglhme‘ia@f %ﬁ;@leyl Béns intoRiRhalRgd by

the conventio ogy It 1s a difficult to change the

thi ckness of thg,dwdied M dddiMng the silicdnh ¥Mheht80ed FIHOIR0Y,

t he bonding SO technol ogy is knowmn. In this technol ogy, an insulating

filmis fornedxile foImdudikabatengepthicMabobs or.ates fhymoxhé suber rerd he
i ke, and the mrror surfaces of the two substrates are brought

into tight contwadiace t hHeaekreat, helie STIMOX séchedlogy irequiresaaniemed itne

i ncrease the bonding strength of the contact interface. After this,
one of theSsulbfsir dmgslansgiglarsiedéda romber ef chradn dranshendonsnesdihgce t o

| eave a single-crystal silicon thin filmhaving an arbitrary thickness
on the i iulsatish@¥sadvanyrgesus Hey myaduatti prioe ek s ostt + hila
technique is the process of |eaving a S|ngle crystal siljcon thin film

having an ar biaddrtyiathi BRA¥sI ¥HEAhEefRSE a%lf%gen%atﬁfim Ehpp7QT layer
PReCkT ooy, Il A DBl o) Son 1 of SR AR 2
the number of oxygen ions to be implanted is decreased,
10 prescribed film quality of the oxide film can hardly be
maintained by the conventional technology. It is also
difficult to change the thickness of the buried oxide film.
As another SOI technology, the bonding SOI technology
is known. In this technology, an insulating film is formed
15 on at least one of two substrates by oxidation or the like,
and the mirror surfaces of the two substrates are brought
into tight contact with each other. This structure is
annealed to increase the bonding strength of the contact
interface. After this, one of the substrates is polished
20 or etched from the lower surface to leave a single-crystal
silicon thin film having an arbitrary thickness on the
insulating film. One of the important processes of this
technique is the process of leaving a single-crystal silicon
thin film having an arbitrary thickness on the insulating
25 film. More specifically, in this technigque, normally, a

silicon substrate as thick as several hundred pm must be
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- 3- uniformy polished or etched to a thickness of several or

one [err]mor l|less. Such polishing or etching has a | arge t echni cal
difficulty fromthe viewpoint of controllability or uniformty. 5

Met hods of forming a thin silicon filmare roughly classified into two
groups. One is the BPSAO (Bonding and Pol i shing SO ) nethod using only
pol i shing, and the other Is the BESO (Bonding and Etchback SQ)

met hod in which an etching stop layer is forned i mediately on a thin

filmto 10 be left (or imediately under the thin filmwhen a single

substrate is Qe MENRALWHRE ordeEched ltbCQ”thEbﬂnEbE”bf sevbgaloppged by
two steps: etching of "the substrate and etching of the etching stop

| ayer. one b e 1BREQ BBEHOHo1ibhifgdbif&€thingOnasi do1gtyet hin 15
a silicon layer to 1 [err]mor less only by polishing. As an

| nprovenent owechniicalnéifddcudty Froanthayaew ity pifedohorollababouy 1 to
3 pm by polishing and then plasma-etched. Plasm etching is done by
scanning a | ocal ymidrmistychi ng region while nonitoring the film
thickness distribution. 20 Reportedly, a filmthickness distribution of
about 10 n#n cafetdodhiel rerming 1§ stfhlé‘t od.icon film argimiquaddly, the

BESO nethod is advant ageous because the filmthickness can be easily
uni f or ned. Thl‘%I&H%Sthé(%%%to two; gropRSBESRRE st e BRSOT i(Borddag 489 ayer

's often 25 qpitan! Al ) O WL AL P et g ond S LR s LAY SE, Maha" R3S o 2BET
is the BESOI (Bonding and Etchback SOI) method in which an
etching stop layer is formed immediately on a thin film to

10 Dbe left (or immediately under the thin f£ilm when a single
substrate is to be manufactured), and a silicon thin film
is formed by tWo steps: etching of the substrate and etching
of the etching stop layer.

In the BPSOI method, it is difficult to uniformly thin

15 a silicon layer to 1 pum or less only by polishing. As an
improvement over this method, a silicon layer is thinned to
about 1 to 3 pum by polishing and then plasma-etched. Plasma
etching is done by scanning a local plasma etching region
while monitoring the film thickness distribution.

20 Reportedly, a film thickness distribution of about 10 nm
can be obtained by this method. .

Admittedly, the BESOI method is advantageous because
the film thickness can be easily uniformed. This is because
in the BESOI method, a silicon active layer is often

25 epitaxially grown on an etching stop layer which has been

formed in advance. For example, a thin p*—type Si thin layer
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formed in advance. For exanple, a thin p[err]-type Si thin |ayer

-4- contai ning boron at a high concentration and a p-type Si thin
filmare stacked on a p-type substrate by epitaxial growh to forma
first substrate. The first substrate is bonded to a second substrate
whi | e sandwi ching an insulating layer 5 such as an oxide film The first
substrate is thinned from the I ower surface by grinding or polishing.
Then, the remai ning p-type Si thin filmis selectively etched to
expose the p-type Si thin layer. 1In addition, the p-type Si thin

filmis sel ectigaly BLENEA:LA EXAOREGHDE RIS Sort Bha J PLEVpel®: cHisr eby

conpl eting an structure t ho

the report by Maszapa %tta%lke(iW)R a p- typBSEdhrate BEEIi2eREM1 §26wthVO! -
138, 341, 1991). A et hod of obtaining a bonding interface with

hi gh pl anas i tormand By actdutssd@apes. hanengizsenshibesfrbieckBEeBSNALE
whi l e inproving the etchback selectivity by several orders of

magni t udes as to®rP8eedntiosiibatrate e IRFSGhdmthadgi &n insulditsiipIedam
Japanese Patent Laid-Open No. 5-21338. In the met hod di scl osed in
Japanese Pat ergudlaieds @penxhde 6iP133F8he firstheubstfate id thigindd dmrom
substrate is anodized to forma 20 porous |layer, a silicon active |ayer
is formed on ttHee pyweis surfageay W@#Q@&)@%IP@WWQO Fhepar &hg first
substrate, and the first substrate is bonded to a second substrate. In
this caseffel{l‘?‘l’enJﬁbﬁir @u§Y§’iel$%GHlPa§/%¥m & ‘T’%JeG‘F‘H‘%% ¥ Fiyshest g0 expose

corresponds to thesetchin ap I |n the hod: _ 25 Sin e an
et chant based t—c}h r%a% u‘%r "'Eh I?gs at the p-type 51 t

film is selectively etched to expose the p-type Si thin film,

10 thereby completing an SOI structure. This method is
described in detail in the report by Maszara et al (W.P.
Maszara, J. Electrochem. Soc., vol. 138, 341, 1991).

A method of obtaining a bonding interface with high
planarity and an active layer having a uniform thickness

15 while improving the etchback selectivity by several orders
of magnitudes as compared to that in the BESOI method is
disclosed in Japanese Patent Laid-Open No. 5-21338. 1In the
method disclosed in Japanese Patent Laid-Open No. 5-21338,
the surface of a silicon substrate is anodized to form a

20 porous layer, a silicon active layer is formed on the porous
layer by epitaxial growth to prepare a first substrate, and
the first substrate is bonded to a second substrate. 1In this
case, the porous silicon layer on the first substrate
corresponds to the etching stop layer in the BESOI methed.

25 Since an etchant based on hydrofluoric acid has a much higher

etching rate for porous silicon than that for single-crystal
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etching rate for porous silicon than that for single-crystal

-5- silicon, a high selectivity ratio can be realized. I n
t he net hod di scl osed i n Japanese Patent Lai d-Qpen No. 5-21338, a porous
silicon layer is formed by anodi zi ng the surface of a flat
single-crystal silicon substrate. For 5 this reason, the planarity of an
active layer formed by epitaxial growh is higher than that in the
BESO nethod in whi ch an etching stop layer is formed by CVD or the

l'i ke. Additionally, an epitaxial |ayer having al nost the same

crystallinity <39 iRl of Iﬁ'&he%'etl@é'ta.nkrllt%y@atfl‘ér tRd BB #ealQze@N- porous
single-crystal silicon substrate can be formed on the porous silicon

llayer. Hence, accordi nthd @edhod RERAdsed in 38pShbssUbstént eLABYLOFen
satisfactory crystallinity and excellent filmthickness uniformty can

be forned. No. 5-21338,ha pepout HylKcobakagichis Eoraled bivhansdikang of
15 a single-crystal silicon substrate was anodi zed to forma por ous

| ayer, and anté@ saxfateldlyerfimts sjnoie-orysite lpot buson subsitapdre .t oFprepar e
a first substrate. The first substrate was bonded to a second silicon
substrate ﬁavi%saﬁ%ﬁﬂilzédle plangariftacef five asddvisoldeversifegmede dbyst al
silicon portion was ground fromthe | ower surface side of the first

substrate eH}é?an‘aé @FPW&&lﬁoh%&%%’éé:bc% thatolR TR HESAUn &g ithe
e M S S SR R RS ey e
film thi Ck”essz\é}hsctfdn% llyo,n a?’I e%%7taqcr§.‘allﬁ.ar§/ne1r( %é)vn.ng a most the same
crystallinity as that of an epitaxial layer formed on a
10 non-porous single-crystal silicon substrate can be formed
on the porous silicon layer. Hence, according to this method,
an SOI substrate having satisfactory crystailinity and
excellent film thickness uniformity can be formed.
In the report by K. Sakaguchi et al., the surface of
15 a single-crystal silicon substrate was anodized to form a
porous layer, and an epitaxial layer was grown on the porous
layer to prepare a first substrate. The first substrate was
bonded to a second silicon substrate having an oxidized
surface. The non-porous single-crystal silicon portion was
20 ground from the lower surface side of the first substrate
using a grinder to expose the porous léyer. When only the
porous layer was selectively etched using a mixed solution
of HF/HIOZ, an SOI layer (single-crystal silicon layer) having
a film thickness distribution of 507 nm £ 15 nm (£3%) or 96.8
25 nm* 4.5 nm (£4.7%) on a 5-inch wafer was obtained. Also,

they reported that in etching using the mixed solution of
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25 nm 4.5 nm(4.7% on a 5-inch wafer was obtained. Also, t hey
reported that in etching using the m xed sol ution of

- 6- HF/ Herr]err], the etching rate for a porous silicon |ayer was
10[ err] times that for a non-porous silicon |ayer. As the
second substrate, not only a single-crystal silicon substrate having a
thermal 'y oxidized surface but 5 also a transparent silica substrate can
be used. Alternatively, a thermal oxide filmis formed on the
surface of an epitaxial layer formed on a porous silicon Eubstrate to
prepare a firs tr , |4 | 0 d_to a second substrate s

havi ng no oxi dgF?#ﬁsﬂ l%lgjereﬁ'uer i) e,r%(%% gg; iopOJf?ﬁlsr‘rBS]rgch% _rl‘_arrfea’at‘?[ﬁlggt h
the first and d SELAL §Snon- egbondsg. ) _ e interface
| evel of the i%?@??agggge%aeeﬁ ?ﬁg po}Bu%p??axggﬁ }%§%¥ as an active |layer

and the oxide film ashengBkecond gubderhikm ABtt BR1GPAL gih@he'—éﬁgé{ahs
sufficiently low, and 15 the thickness of the oxide filmcan

arbitrarily cosilotbrdsubstraferhitisgr£asermal Byhsti @ L& aNabt £ Ofput
sufficiently exhibiting the characteristics of an SO structure can be

manuf act ur éd bglsheaaboaespetrbnd. silica subsfBateseahbed abeye, the bonding
SA technology is nore 20 prom sing than the SI MOX technol ogy al though the
process of bonéﬂﬁgrnﬂ@iygﬁytratehehmalaopiﬁélfiﬂm is formed lon tdtee
bondi ng process, if a fareign substance or impurity is present on the
bondi ng i nt er f 8BELBELWRENARWEPLtaxigbsayer eformedapn cal Peroas " wbl fitons
formed in the ggggkggte to prepare a first substrate, which is bonded to
a second substrate having no oxide film. Furthermore, oxide
10 films may be formed on both the first and second substrates
to be bonded.

The interface level of the interface between the
epitaxial layer as an active layer and the oxide film (thermal
oxide film on the epitaxial layer) is sufficiently low, and

15 the thickness of the oxide film can be arbitrari ly controlled.
. For this reason, a substrate capable of sufficiently
exhibiting the characteristics of an SOI structure can be
manufactured by the above method.

As described above, the bonding SOI technology is more

20 promising than the SIMOX technology although the process of
bonding two substrates has a problem.

In the bonding process, if a foreign substance or
impurity is present on the bonding interface between two
substrates, a gap called a "void" is formed in the bonding

25 interface. When a void is formed, a small hole may be formed

in the SOI layer corresponding to the void by the foreign
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25 interface. Wen a void is forned, a small hole nmay be forned in
the SO |ayer corresponding to the void by the foreign

-7- substance in the process of thin filmformtion by grinding,
polishing, or etching after bonding the two substrates, or t he SO

| ayer may partially change in its properties by the forei gn substance
or inpurity. This void portion may break 5 and fall off. When
an etchant based on hydrohydrofluoric acid is used for thin film
formation, the etchant may enter the SO | ayer t hrough a smal | hole

formed by a f Orl&ggﬁr;u%)ﬁﬁnagggsélpocé‘?%sg%fythln fleil.t Cgogﬂgtgéhdlg f xlerd%t

bondi ng i nter f3 thé u ayer Sand: aIIs

Qf f. : Al ter natﬁ)gfi 1ng, o:.I h&ﬂ:te LI r&e(}f bEHﬁl % tllléyﬁo d%%sctnrg@és Cf}ﬁnged

inits proper by an et chant base

hydrohydrof | uogh& s’&ﬁ Cia%%dmfag cﬁ:&i‘tﬂailiﬂ@ﬁaﬁ{g{]@tﬂr@itsl Properti8kSHFagk as
well, the etchant enters the | ayer throu the hole, resulting in

the same situatbeeigs dlgspddied cabompurity. This Swdld petecbs My Brappear
when the resultant SO substrate is etched using concentrated

hydr ohydr ofSl ucsih&€ fall affd, and are called, e.g., HF voids, HF pits, or HF
def ect s. These defects are reported in detail by D K Sadana et al 20
(D. K. Sadana et al ; WRenceeetrhah®ddaddbn| ydrolaydorilu®dc acid tenfsmdknce,
Cct. 1994). Accordlng to this report, HF voids are present even in a
SI MOX subst r at 80T (drige dddat f?rmatlonr e eitehaasnnayieitiedd thy S0fetaer

i mpurity upon |nplant| ng
through a small hole formed by a foreign substance to largely

etch the oxide film at the bonding interface. 1In this case,
10 the upper SOI layer breaks and falls off. Alternatively,
that portion of the SOI layer, which has changed in its
properties, may be etched by an etchant based on
hydrohydrofluoric acid used for thin film formation. 1In
this case as well, the etchant enters the SOI layer through
15 the hole, resulting in the same situation as described above.
Such defects often appear when the resultant SOI
substrate is etched using concentrated hydrohydrofluoric
acid, and are called, e.g., HF voids, HF pits, or HF defects.
These defects are reported in detaill by D.K. Sadana et al
20 (D.K. Sadana et al; Proceeding 1994 IEEE International SOI
Conference, Oct. 1994). Accofding to this report, HF voids
are present even in a SIMOX substrate. Consequently, a
portion contaminated by a metal impurity upon implanting
oxygen ions into a silicon substrate forms a portion that
25 has changed in its properties in an SOI layer, and when this

portion that has changed in its properties is etched with
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oxygen ions into a silicon substrate forns a portion that 25 has changed
inits properties in an SO |ayer, and when this portion that has
changed in its properties is etched with

- 8- HF, a hole is forned. In the process of manufacturing
a silicon sem conduct or device, an etchant based on hydrohydrofl uoric
acid is normal |y used for substrate cleaning or etching of an oxide 5
film Wen an SO |ayer breaks and falls off during this process,
particles are generated, and additionally, a device havi ng an active

| ayer at the @Fssiangloq%rtiiigrfofﬁ@a_v\hi ch the SA layer has fallen off
1. the

does not operate at a degree of integration of a

seni conduct or devi ¢ ¥R s¥Obf rdhu sl idiea ig1aiR¥¥ESemt 86nAHORBRI | i ty
that an active region has a m ssing portion increases, resulting in a

decrease in devides! rpfetstinmomdiseidond eideetydrofluoric Bead WRen
forei gn substances or inpurities present at the bondi ng interface have
not forned anyormaddy ubeyd flray silbstrhifd udeaning ar excldiend idimamr ogtilbiecon
upon anneal ing after bondi ng. A netal inpurity or

oxi de- basefl i fgdmit yWhay ahs§Ofodaver brepkgopnd. falls off duddngi bhakly, a
smal | amount of chemi cal inpurity such 20 _as boron com ng_froman,

ext ernal at modPIRIREOr PREREFACERYTS gRPeratefy Anf a@é%@n@gwrrmfi@w&ﬁ, or

floor covering material and floating in the air diffuses intqQ the SO
active |ayer t@ving a%%ﬂévﬁérﬁﬁ%faﬁr?]ﬁ% T SRR BOT ERCRNEE PR (8 At S 16

SOI layer has fallen off does not operate at all. As the
degree of integration of a semiconductor device using an SOI
10 substrate increases, the probability that an active region
has a missing portion increases, resulting in a decrease in
yvield of semiconductor devices.
Even when foreign substances or impurities present at
the bonding interface have not formed any voids, they may
15 diffuse into an oxide film or silicon upon annealing after
bonding.
A metal impurity or oxide-based impurity may also form
HF voids.
Additionally, a small amount of chemical impurity such
20 as boron coming from an external atmosphere or generated from
human bodies, wall material, or floor covering material and
floating in the air diffuses into the SOI active layer to
impede manufacturing a device. On the interface of
silicon/oxide film bonded in a normal clean room, boron is
25 observed at about 10" atoms/cm . Diffusion of such a chemical

impurity poses a serious problem in forming a high-quality
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silicon/oxide filmbonded in a normal clean room boron is 25 observed at

about 10[err] atons/cm Diffusion of such a chem cal I mpurity poses a
serious problemin formng a high-quality

-9- SO active layer. For a bonded SO substrate, no clear

product specifications about HF voids or inpurity are defined.

However, an HF void or inpurity actually influences the non- def ecti ve
yi el d of bonded SO substrate and is reflected 5 on the manufacturing
cost. As descri bed above, it is very inportant for the

manuf act ur e ofsdy hondetk SAyubskhal & LanAkaefl 2ubAtehgR, no cidby!ance

or inmpurity fromsticking to the bonding I nterface. 1

SUMVARY OF THE, J DAENTEERC 1 £1cations HIHUY €8 90l dsnye thpaP i BgRReg8rIRE] . I n
consi deration of the above situation, and has as its 0Object to provide

a met hod mfwetpsif aad WE Rgbad b hingiati dy ahiged ySAn Sluhsidas &che

It is another object of the present invention to inprove 15 the yield and
reduce the mmdrealaefecigiwvogtield of bondedAsODrslibva) tad eaAndsie ate fdfe dttes]
present invention, there is provided an SO substrate manufacturing
met hod conpri simgche manw@actwping d¢wstdi ng two substrates, characterized in

t hat at | east the step of exposing a bonding interface between 20 the
two substrates to bashéasiedibed prlpeve nebt i ks aferl nivapterant for higye ng

cleanliness of not_ less than Class 1 in_Fed. St. 209D: USA 1S
st andar d. manufacture of a bonded SOI substrate to prevent a foreign

substance or impurity from sticking to the bonding interface.

10 SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above situation, and has as its object to provide a
method of manufacturing a high-quality bonded SOI substrate.

It is another object of the present invention to improve

15 the yield and reduce the manufacturing cost.

According to an aspect of the present invention, there
is provided an SOI substrate manufacturing method comprising
the step of bonding two substrates, characterized in that
at least the step of exposing a bonding interface between

20 the two substrates to be bonded is performed in an atmosphere
having cleanliness of not less than Class 1 in Fed. St. 209D:
USA IS standard.

In the SOI substrate manufacturing method, the

atmosphere having cleanliness of not less than Class 1 can
25 Dbe obtained using, e.g., an air filter having a collection

efficiency of not less than 99.9999% for dust particles of
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In the SO substrate manufacturing nethod, the at nosphere havi ng
cleanliness of not less than Class 1 can 25 be obtained using, e.g., an
air filter having a collection ef ficiency of not [ess than 99.9999%
for dust particles of -10- a
size of not less than O0.1-[err]m In the SO substrate

manuf acturing net hod, the at nosphere having cl eanliness of not |ess
than Cl ass 1 can be obtained using, e.g., an air filter having a
collection 5 effici ency of not less than 99.99999% for dust particles of

a size of not less th err] | ir filter preferably

conprises an & P49 < t(aefpr}?éi/ lLe tlrﬁﬁf’Erb A- ‘pol ytetrafl uoroethylene) filter
medi um ﬁpsq; iuention, 10
there is provided ;%nF?&% rs\iﬂ%)stra e llrf1a:({r1u aciftﬁa}ér%urtr%e%%c?%% ct%lrrprl sing the
step of Dbondi g N RUNS HALER c%%@%%%bzsﬂ not 1é§‘s hain @l dRa5t hie

step of exposing a bonding interface between the two substrates to be
bonded is perfiQd B dihed @@Ang, e.8l &hldEFegh Wer@haAling il bsnlae\ﬁhw a
PTFE 15 (polytetrafl uoroethylene) filter nedium In the
substrat e panwmERitdirdrty o hod, 1&és Itgast 99he9999% sbemwdt @smfmd]gasaof
bondi ng interface between the two substrates to be bonded is
preferably perd eimedofnnot ebessitthan 0. 1fuht er Boi matiofliy tey phefairabiliyl t er
but also by a chemcal 20 filter. In the SO substrate

manuf act ur i ng gAML es N @dgp foiflter hasdgssisn@Eondi ng i nterface between

the two substrates to . )
(polytetrafluoroethylene) filter medium.

According to another aspect of the present invention,
10 there is provided an SOI substrate manufacturing method
comprising the step of bonding two substrates, characterized
in that at least the step of exposing a bonding interface
between the two substrates to be bonded is performed in clean
air filtered by an air filter having a PTFE
15 {polytetrafluorocethylene) filter medium.

In the SOTI substrate manufacturing method, at least the
step of exposing a bonding interface between the two
substrates to be bonded is preferably performed in clean air
filtered not only by the air filter but also by a chemical

20 filter.

In the SOI substrate manufacturing method, the step of
exposing a bonding interface between the two substrates to
be bonded is preferably performed in a clean air downflow
through the air filter.

25 In the SOI substrate manufacturing method, the air

filter is preferably arranged, on an entire ceiling surface
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be bonded is preferably perfornmed in a clean air downfl ow t hrough t he
air filter. 25 In the SO substrate manufacturing nethod, the air
filter is preferably arranged, on an entire ceiling surface

of a clean room at |east above an apparatus for performng the step of
exposi ng the bonding interface between the two substrates to be bonded.
In the SO substrate manufacturing nmethod, the air 5 filter is preferably
arranged not only on the ceiling of the cl ean room but also in an
apparatus for processing the substrates wth the exposed bondi ng
Jinterface.

b f act t hod, .ch
bui I dup in subdk ﬁnﬁéga?sr%(%%f& u S%r %gﬂgg%ﬁjﬁ%%a&%t[& Eerlgetgﬁrﬁ:lgg
wh th t Qeal
Substrates 10 W8 Bunded s SXper ineas PIMEIS A ertace BtRERL e Lho
nanufacturlngéﬂggyygtéggygsbe borltiRE! i ne coupled to an apparatus for

form ng or processing a bonding interface preferably wholly or

partially conprisesrn lhe &3dRRWMNEate manufactutritle md@hcibtHatLi
manuf act uri ng nmet hod, preferably, at | east the step of exposing a

bondi ng i nfer ffade dreti wegheferablParinnhgdidhabradeby ton bReboaiietng SofPehleor med
I n an envi ronnment where cleanliness is ensured by a |local clean room

system 20 ancarhercm Hutl tedrsa Sirarararrgec rat vsa doro rapearsdings ehe or
perform ng the step of exposing the bonding interface in the
substrates with the exposed bonding interface.

In the SOI substrate manufacturing method, charge
buildup in substances is preferably prevented at least in

10 an area where the step of exposing the bonding interface
between the two substrates to be bonded is performed.

In the SOI substrate manufacturing method, a gas
pipeline coupled to an apparatus for forming or processing
a bonding interface preferably wholly oxr partially comprises

15 a CRP pipe.

In the SOI substrate manufacturing method, preferably,
at least the step of exposing a bonding interface between
the two substrates to be bonded is performed in an environment
where cleanliness is ensured by a local clean room system,

20 and the air filter is arranged in each of apparatuses for
performing the step of exposing the bonding interface in the
local clean room system and a conveyance apparatus between
the apparatuses.

In the SOI substrate manufacturing method, an automatic

25 apparatus which requires no manual operation in bonding is

preferably used as an apparatus for bonding the two

This Sheet Has Been Replaced

ST




| ocal clean room system and a conveyance appar atus between t he

appar at uses. In the SO substrate nmanufacturing nmethod, an
automatic 25 apparatus which requires no nanual operation in bonding is
preferably used as an apparatus for bonding the two

-12 - substrates. According to still another aspect of

t he present I nvention, there is provided an SO substrate

manuf act uri ng nmet hod conprising the step of bonding two substrates, 5
characterized in that an SO substrate is manufactured in an

envi r onment whi ch may stick to a bonding i nterface between
the two subsrggﬁggggzggrininated to obtain a void density of not nore

than 0.5 pieces/ cnp@idor@hfld R2i11 anfRRAEAGLBEEE 3¢ thubpiEakat S di pped
in a 49% concentrated 10 "HF solution for 15 mn. According to

still another jaspaet oaf therdrasehbvided dRVEN sObstirA@eenbisuPioVudedgan
SA substrate manufacturing nmet hod conprising the step of bonding two

substrates, methodakaaberiisiad ithet BakpanfSObndtihst Eabesubshragkact ured in
15 an environnment where chem cal inpurities which may contam nate a
bondi ng i nf er theeabtewerd he thatsabhstpat ssbstratesigl nanuftetlutedobtai n a
boron concentration of not nore than 1 x 10[err] atons/cnferr] on the
bondi ng i nt er Bacenytiromaent whemeutastuwbd cBOnayulsstickt &0 a2ponding Each of
t he above SO substrate manufacturing nethods . can be applied to a
manuf act uri ng 1&%@%%@%‘!’?%?@% fWo substrates is eliminated to obtain

a void density of not more than 0.5 pieces/cm2after the
manufactured SOI substrate is dipped in a 49% concentrated

10 HF solution for 15 min.

According to still another aspect of the present
invention, there is provided an SOI substrate manufacturing
method comprising the step of bonding two substrates,
characterized in that an SOI substrate is manufactured in

15 an environment where chemical impurities which may
contaminate a bonding interface between the two substrates
is eliminated to obtain a boron concentration of not more
than 1 X 10ls atoms/cmlon the bonding interface of the
manufactured SOI substrate.

20 Each of the above SOI substrate manufacturing methods
can be applied to a manufacturing process comprising the
steps of forming a porous layer on a substrate and forming
a non-porous layer containing a single-crystal layer on the
porous layer to prepare a first substrate, bonding the first

25 substrate to an independently prepared second substrate

while sandwiching the non-porocus layer therebetween,
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steps of formng a porous |ayer on a substrate and form ng a

non- porous | ayer containing a single-crystal |ayer on the porous | ayer
to prepare a first substrate, bonding the first 25 substrate to an

i ndependent|y prepared second substrate whi | e sandw chi ng the

non- porous | ayer therebetween, -13 -
renmoving the first substrate side froma bonded substrate stack to

| eave the porous |ayer on a surface on the second substrate side, and
etching the porous layer left on the surface on the second substrate

side. 5 RRGANG chite rabaye p sUbEt Lake FRBHT é%aﬁaea g@weﬂét?

can be applleé to a manufacturing process conprising the steps o

i npl anting i oRg Akt @ca1bhiat tAHDSEFEEE 18/dOTdA & surfa¥eChba- EA¥I s¥cbAYer
bonding the first substrate having the mcro-cavity layer to an

i ndependent | y sueaizt@d sderd antl etidbsthigattbe popanst laged heddednsihstrate
stack at the m cro-cavity layer, and renoving the mcro-cavity |ayer

| ef t on ausifiakcac eronHehaadonst ssibisstradiee ssidee. Each of the
above SO substrate manufacturing nethods can be applied to a
manuf act urfng pr oc@&slcofpkhei Agova SO Bubisdpa tef mppufpaguaingxheaehédsm on
a first substrate, bonding the first substrate having the oxide film
to an i ndepend@t Bp appll@%ﬁ@r@dﬂ?@&fﬁ&%é@r BYOCHSS| €TRAIRLEN ¥t he
oxide film therebetmeen andﬁ% rindin first substrate side of a

bonded subst r &€Rs £k Rt NSh &1 n&e 1L8§hsFPRFET56 EPaRIM &

micro-cavity layer, bonding the first substrate having the
micro-cavity layer to an independently prepared second

10 substrate, separating a bonded substrate stack at the
micro-cavity layer, and removing the micro-cavity layer left
on a surface on the first substrate side.

Each of the above SOI substrate manufacturing methods
can be applied to a manufacturing process comprising the

15 steps of forming an oxide film on a first substrate, bonding
the first substrate having the oxide film to an independently
prepared second substrate while sandwiching the oxide film
therebetween, and grinding the first substrate side of a
bonded substrate stack and thinning the bonded substrate

20 stack.

According to still another aspect of the present
invention, there is provided an SOI substrate manufactured
by a manufacturing method comprising the step of bonding two
substrates, characterized in that a void density obtained

25 when the SOI substrate is dipped in a 49% concentrated HF

solution for 15 min is not more than 0.5 pieces/cmz.
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According to still another aspect of the present invention, there is
provi ded an SO substrate manufactured by a manufacturing nethod
conprising the step of bonding two substrates, characterized in that a
void density obtained 25 when the SO substrate is dipped in a 49%
concentrated HF solution for 15 mn is not nore than 0.5

pi eces/cnferr]. -14 -

According to still another aspect of the present invention, there is
provi ded an SO substrate manufactured by a manufacturing nethod

comprising the stemloRee) ith 011 ancU! iR I idsrhi n that

an average void density 5~ obtalned when the substrates are dipped in
a 49% congRaidaiRt lHhetel 4k hol 08ed igd SubRk réReembiafiatired

pi eces/cm According to still another aspect of the present

i nvention, theyeaifafibadeeditd me@halbshpal eingriHastepedf Bdhding &wo
manuf acturing nmet hod conprising the step of bonding two substrat es,
char act eri zed subdthattes c acatatatticedfinbahant an avemagebundidndgenstieyf ace
is not nore than 1 x 10[err] atons/cm According to still another
aspect of fhe givtesigred when jtheefiGsulsiaratdss greodigaedanns@ Oistrat e
manuf actured 15 by a manufacturing nethod conprising the step of bonding

t wo substdancantakaddersdstE§an theat 1én Wveddg@tomaan didmP -5 of
boron on a bonding interface is not nore than 1 x 10 atons/cm
A manuf act uri @1%‘39%%/&{&1 according to the present 20 invention is suitable

to the above manuf a&égéfgﬂqgeégosdtsill another aspect of the present

invention, there is provided an SOI substrate manufactured
10 by a manufacturing method comprising the step of bonding two
substrates, characterized in that a concentration of boron
on a bonding interface is not more than 1 X 1016 atoms/cms.
According to still another aspect of the present
invention, there is provided an SOI substrate manufactured
15 by a manufacturing method comprising the step of bonding two
substrates, characterized in that an average concentration
of boron on a bonding interface is not more than 1 X 1016
atoms/cm .
A manufacturing system according to the present
20 invention is suitable to the above manufacturing methods.
Further objects, features and advantages of the present
invention will become apparent from the following detailed
description of embodiments of the present invention with
reference to the accompanying drawings.
25

BRIEF DESCRIPTION OF THE DRAWINGS
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Further objects, features and advantages of the present I nvention w ||
becone apparent fromthe foll ow ng detailed description of enbodi nents
of the present invention with reference to the acconpanyi ng draw ngs.
25 BRI EF DESCRI PTI ON OF THE DRAW NGS

-15 - Fig. 1 is a sectional view show ng the schematic
arrangenent of a clean roomof Exanple 1 of the first enbodi nent ;

Fig. 2 is a sectional view showi ng the schematic 5 arrangenent of a cl ean
room of Exanple 2 of the first enbodi nent ; Fig. 3 is a plan

view showi ng the sghemati G AL aRGTBAL] v:LewOEh%w(:v'_h%aEhEaOQEhtaﬂétlc
manuf acturing a bonded SO substrate by TRAN; Figs. 4Ato

4F are views ghewhgeneche sfepsclban roofmBEf aﬁwpueglaoboeﬂédfﬁgstsubst rate
by ELTRAN, Figs. 5A to 5E are views show ng the steps of

manuf act uri ngeaboditettSO substrate by ion inplantation peeling; 15

Fig. 6 is a sectional view show ng the schematic arrangenent of a

cl ean room of Exanpli.l 2ofist lse sseddiostal viepnisbeimipgt the schematigig. 7 is

a sectional view showi ng the schematic arrangenment of a cl ean room of

Exanpl e 2 f ehxaggemeat of a clean room of Example 2 of the first
embodiment;

Fig. 3 is a plan view showing the schematic arrangement
of a clean room for manufacturing a bonded SOI substrate by
ELTRAN;

10 Figs. 4A to 4F are views showing the steps of
manufacturing a bonded SOI substrate by ELTRAN;

Figs. 5A to 5E are views showing the steps of
manufacturing a bonded SOI substrate by ion implantation
peeling;

15 Fig. 6 is a sectional view showing the schematic
arrangement of a clean room of Example 1 of the second
embodiment;

Fig. 7 is a sectional view showing the schematic
arrangement of a clean room of Example 2 of the second

20 embodiment; and

Fig. 8 is a plan view showing the schematic arrangement

of a clean room for manufacturing a bonded SOI substrate by

ELTRAN.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In an SOI substrate manufacturing method according to
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20 enbodi nent; and Fig. 8 is a plan view showi ng the schematic
arr angenent of a clean roomfor manufacturing a bonded SO substrate
by ELTRAN. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
In an SO substrate manufacturing nmethod according to

- 16 - preferred enbodi nents of the present invention, a bonded SO
substrate i s manufactured under an environment in which 39 or | ess dust
particles each having a size of 0.1-[err]mor nore are present per
cubic foot. Wth this arrangenent, a change 5 in properties of an SO

layer or the |§i‘@fé’f&?e&%n@)o@'1ﬁx@n%%lof the p¥EReAs MKARIIOr hCh&ehdaurad in
substrate cl eaning or etching i s decreased. [ Fi r'st Enbodi ment ]

In this enbodi @ sra &6l athrRif dRUHT LnEeRdad SORHEshnddt Sukatiat gost ack
wi t hout exposing the bonding interface bet ween substrates to be bonded
to any at nospher €sesd ierstt barticlescéaan mavidma Bdzel efind | hass @f ndmss 1
or nore in Fed. St. 209D USA IS standard is disclosed. According to
this mandee prsseg npehotibiofoiogn sUbsh dities asyehgamedtsta cangks be
prevented fromadhering to the bonding interface, and a change in
properties Sof Hm BAP¢EyEes of eReSPTkbayel an the likecAuni tala shemignl
hydrof l uoric acid used in substrate c|eani or etching can be

decr eased. such as|RhvarabhuesEs A¢HY ‘é%/%‘ge%‘ﬁ‘ T el e tDL R ENG OF
embodi nent ,

etching is decreased.
[First Embodiment]
In this embodiment, a method of manufacturing a bonded
10 substrate stack without exposing the bonding interface
between substrates to be bonded to any atmospheres other than
clean air having cleanliness of Class 1 or more in Fed. St.
209D: USA IS standard is disclosed. According to this
manufacturing method, foreign substances such as dust can
15 Dbe prevented from adhering to the bonding interface, and a
change in properties of an SOI layer or the like due to a
chemical such as hydrofluoric acid used in substrate cleaning
or etching can be decreased.
In a manufacturing system according to this embodiment,
20 an air filter (to also be referred to as a 6N air filter
hereinafter) having a collection efficiency of 99.9999% (6N)
or more for dust particles of a size of 0.1lum or more is set
on the upstream of a vertical downflow with a controlled
airflow velocity, thereby constructing a clean room in which
25 39 or less dust particles each having a size of 0.1-um or

more are present per cubic foot. The 6N air filter can be
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20 an air filter (to also be referred to as a 6N air filter

hereinafter) having a collection efficiency of 99.9999% (6N) or nore
for dust particles of a size of 0.1 [err]mor nore is set on the
upstream of a vertical downflow with a controlled airflow velocity,

t hereby constructing a clean roomin which 25 39 or |ess dust particles
each having a size of 0.1-[err]mor nore are present per cubic foot.
The 6N air filter can be - 17 -
formed from e.g., a glass filter mediumor a | ow pressure-| oss-type

| fl hyl _ Il teg, pedi . Th
Elﬁﬁfégﬁu¥}ﬁ;r€?E¥§%$§% %hsg? hbo%i%%%?S:#%g??%ﬁg%iugnéﬁéfbe bu?ldup in the

cl ean room'ntfo&ﬁéggu?é'fgs?t%pe pr#k € gaafg%@éréf &&P&e@per pind, more

particularly, 1n cleanin ary drying or med
whi | e sprayi ngei]ter degD@nMous anount of air to the wafers. At this tine,
static electricity of several thousand V or nore is generated due 10

to friction betweenthBand i GudNd by<@bmabtf N %fo@{ﬁméﬁt also ALt
dust. In the clean room antistatic fixtures are used. However, many

waf er carriser schargonveiddubpokesthadelean r@cﬁmTﬁfx&@rbom&éh:aatfﬁomlseCtﬂO
store or convey wafers, or rubber or vinyl gloves having insulating
properties areckeahingsddsilicontwrirraandantoss @hirt ittudatrient inGhayrigey
builds up in these fixtures by friction and attracts light dust in the
ambi ent . after| alemeingnurekany i dey Bystianrsir fdrned mivdiersrnaywing

mechani sm for mnimzing charge buil dup in any substances
an enormous amount of air to the wafers. At this time, static

electricity of several thousand V or more is generated due
10 to friction between the large quantity of air and wafers to
attract dust. In the clean room, antistatic fixtures are
used. However, many wafer carriers or conveyor boxes made
of Teflon, which are used to store or convey wafers, or rubber
or vinyl gloves having insulating properties are still used
15 without any antistatic treatment. Charge builds up in these
fixtures by friction and attracts light dust in the ambient.
In the manufacturing system of this embodiment, a
mechanism for minimizing charge buildup in any substances
in the clean room is arranged to prevent dust from sticking
20 to any substances. Especially, in the manufacturing system
of this embodiment, sticking of dust particles/foreign
substances to the bonding interface is minimized.
The manufacturing method of the present invention can
be implemented even in a conventional clean room with
25 cleanliness of Class 100 to 1000 by employing a local clean

room system such as SMIF (Standard Mechanical InterFace).
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in the clean roomis arranged to prevent dust fromsticking 20 to any

subst ances. Especially, in the manufacturing system of this

enbodi ment, sticking of dust particles/foreign substances to the
bonding interface is mnimzed. The manuf acturing met hod bf the
present invention can be inplenented even in a conventional clean room

with 25 cleanliness of Class 100 to 1000 by enploying a | ocal clean
room system such as SMF (Standard Mechani cal |nterFace).
The | ocal clean room system such as SMF uses an i nt er-appar at us

conveyance | ocal CE%%pl %%J§¥5EEHQQ%y n g% Sucgp%grsp&gaﬁs%%o a waf er

| oadi ng nmechani sm for sol a appar atus, and a

Vaf o1 [ eCOVT 0g o oo BRCHARICS Ry ACSRESISLA0 (4 B YR I&/B skl énbe' ng
xposed fo 't

manuf act ured are not outer clean room at nosphere

Cass 100 to %@QQr clean roomM@nyarRended Sty ﬁﬁgﬁhhiéﬁ @BBUﬁéﬁhghﬁd by
t he nmet hod of this preferred enbodi nent of the present invention is

10 i mrersed i iaEe4R%0ie@RCant igbedtHl spbuthedsf 0andSavafet heecoverihgvoi d
density is 0.5 pieces/cmor |ess. The HF void density of 0.5

pi eces/cm Hr heshavdrstespBadsrding to theansysesas, ofultsasstds dbebnge i n
Fed. St. 209D USA IS standard with which 39 or |ess dust particles
each having Menufagitzeregt alrel njogr Exposedrtoe tare optesentepar roobi ¢ f oot

i.e. 0.00137 or less dust particles each having a size of 0.1-pm
or more are preéesphesie @fbicdasentlidfetter 1000.

When a bonded SOI substrate manufactured by the method

of this preferred embodiment of the present invention is
10 immersed in a 49% concentrated HF solution for 15 min, the
HF void density is 0.5 pieces/cmzor less.

The HF void density of 0.5 pieces /sz or less corresponds
to cleanliness of Class 1 or more in Fed. St. 209D: USA IS
standard with which 39 or less dust particles each having

15 a size of 0.1-um or more are present per cubic foot, i.e.,
0.00137 or less dust particles each having a size of 0.1-um
or more are present per cubic centimeter.

Assume that dust particles are uniformly distributed,
and a wafer is left to stand in a vertical downflow with a

20 normal airflow velocity of 40 cm/s. 1In this case, 0.55 dust
particles pass through the wafer per unit area in 10 sec.
More specifically, in the clean room of Class 1 in the USA
IS standard, when a wafer is left to stand perpendicular to
the vertical downflow with an airflow velocity of 40 cm/s

25 for 10 sec, 0.55/cmzdust particles may be sprayed to the

wafer.
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Assune that dust particles are uniformy distributed, and a wafer is
left to stand in a vertical downflowwith a 20 normal airflow velocity of
40 cm's. In this case, 0.55 dust particles pass through the wafer per
unit area in 10 sec. More specifically, in the clean roomof Cass 1
in the USA | S standard, when a wafer is left to stand perpendicular to
the vertical downflow wth an airflow velocity of 40 cms 25 for 10 sec,
0.55/cnferr] dust particles may be sprayed to the waf er .

- 19 - In the manufacturing systemof this enbodi nent, wafers

parallel to the Tl rgﬁf%%a%?faé Erin%esrry%ecré% Sg'&{ié %mﬁog‘é&ment"er%fgéé

downfl ow are extrac rom a on a stage. The

time required fa%aq]&te&a% ehe \ﬁ%%&s su:l:.*fat::'éog]lltg ?E%eﬁa&&h@araeg Egef'o

themis 10 se ess Assum ng t ha particles spraye

the substrat egerticadUddig i dridRxdtda@edd Folods a WA i cverd cdeRsid ¥
upon bondi ng the wafers in the clean roomof Cass 1 in the USA

| S standar d wikdnidedl@ns&cst&g®r oy ¥ ifebrpfreteadctd extFact theSpaEekicC
exanpl es of this enbodiment will be described bel ow. (Exanple 1)
Fig. 1 is & sextanordde wadiers vawimgnt lreds doematthen is 18r seagereiiesaf. a
clean room of Exanple 1 of the first 15 enbodinent. The clean room of
Exanpl e 1 has Assumjgey that appadastsesrtbrlemradzaesd iteg thehgnbedrstes

substrate. In Exanple 1, as shown in FI%. 1, a clean roomwth
during this time form HF voids, the HF void density upon

bonding the wafers in the clean room of Class 1 in the USA
IS standard within 10 sec is probably 0.5 pieces/cmﬂ

10 Specific examples of this embodiment will be described
below.
(Example 1)

Fig. 1 is a sectional view showing the schematic
arrangement of a clean room of Example 1 of the first

15 embodiment. The clean room of Example 1 has various
apparatuses for manufacturing a bonded SOOI substrate.

In Example 1, as shown in Fig. 1, a clean room with
cleanliness of Class 1 or more in Fed. St. 209D: USA IS
standard is constructed using an air filter (6N air filter)

20 having a collection efficiency of 99.9999% (6N) or more for
dust particles of a size of 0.1um or more in a downflow bay
system.

More specifically, this clean room has an underfloor
space of 2.5 m, a floor space of 3.0 m, and a ceiling space

25 o0f 2.0m. In this clean room, the underfloor space and flooxr

space are partitioned by floor with a mesh structure (grating
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cleanliness of Class 1 or nore in Fed. St. 209D: USA IS standard is
constructed using an air filter (6N air filter) 20 having a collection

ef ficiency of 99.9999% (6N) or nore for dust particles of a size of O.
l[err]mor nore in a downf |ow bay system Mor e
specifically, this clean room has an underfl oor space of 2.5 m a

fl oor space of 3.0 m and a ceiling space 25 of 2.0 m In this clean
room the underfloor space and fl oor space are partitioned by floor
with a nesh structure(grating -20 -

fl h h V\:h I
1080ir)s tse'[ O:Jg iElﬁeI ce al|“F1°g &bv@gﬁé%léﬁpgas% EFQS&I eﬁph?%lgl\lﬁa?hgr%ﬁ arr g\]el ter
100 is sent fré)ﬂtpfl %Ii@@ io Se J})hﬁ?él@&rll tl@ggaho meé’%%oc. Plyoor

t hrough the floor as vertlc low wth an airf of

0.3 10 0.45  thrflgh the 6N air FELEF RN Gdrte ﬂi@qﬁrtf]:ﬂeo‘@:relrl%h‘d;r% to
the ceiling t hrough the return space next to the bay area and

circul ates th@gel dot Ned dthdéher SN Furfdddfalock0@hr B ehd F1sRacesand
10 bay area are conpletely partitioned by a wall or through the wal |

structure dén therddtnioral Heemdillow whthrah rejaatiow veloednyf a€t Qir3 ng Apped at us
is also a 6N air filter. Hence, substrates bei ng manufactured are
exposed to only/slean air passing through the 6N air filter. 15

In the clean roomw th the above arrangenent, 39 or |ess dust
particles each havi Bheaasr Aenjt t I—hFeﬂﬂPﬁrélOﬁi—Srlée'alﬁ@"—s to the ceiling

through the return space next to the bay area and circulates
again through the 6N air filter 100. The return space and

10 bay area are completely partitioned by a wall or through the
wall structure on the floor. The air filter in each
manufacturing apparatus is also a 6N air filter. Hence,
substrates being manufactured are exposed to only clean air
passing through the 6N air filter.

15 In the clean room with the above arrangement, 39 or less
dust particles each having a size of 0.l1-um or more are
present per cubic foot (0.00137 or less dust particles each
having a size of 0.l-um or more are present per cubic
centimeter), so cleanliness of Class 1 or more in Fed. St.

20 209D: USA IS standard is realized. At each of 29 measurement
points in the bay area, 1 cubic foot or more of air was sampled,
and the particle density in the air was measured three times
using a dust counter capable of measuring 0.l-gm or more
particles. The particle density was 0 particle/cubic foot

25 at all points.

Table 1 shows the HF void densities obtained when bonded
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present per cubic foot (0.00137 or |ess dust particles each havi ng a

size of O0.1-[err]mor nore are present per cubic centineter), so
cleanliness of Class 1 or nore in Fed. St. 20 209D USA IS standard is
realized. At each of 29 neasurenent points in the bay area, 1 cubic
foot or nore of air was sanpl ed, and the particle density in the air
was neasured three tines using a dust counter capable of neasuring
0.1-[err]mor nore particles. The particle density was 0
particle/cubic foot 25 at all points. Table 1 shows the HF

voi d densiti esﬁgt%ﬂ‘@t&m&agﬁggggure 1n the cl?an room of (%la(ﬁ %Ssl'ioxgrhovm

-21- strate manu acture éan roomo

in Fig. 1 and anbepded; 3@ 5%&&@& %d@QHBQEQHE@%é&@a&%H in aa%i)%ﬂl of

Class 100 (Conparative Exanple 1) were etched using concentr

hydrof l uoric agbém(40%W1d€y 109 TcBmpBeLBivE E)E&ﬁ];g}?éj 190wesdbat LRLES, HALL an
SO filmthickness of 200 nm and a buried oxide filmthickness of™ 200
nm concentrated hydrofluablie dcid (49%) for 15 minU &sgryg oom
HF void density Exanpl e Class 1 0. 22 pieces/cnferr] on
aver age 5 Coopdedt BO& s@batsaltéd had an(0S@P Hibcesdirifmssd oh 2VEMage
Exanple 1 As shown in Table 1, when the clean roomof Cass 1
usi ng an ang @j busieflaokihgealédmnl ebitknessfofi 20@ynnf 99. 9999% (6N)
10 or nore for dust particles of a size of 0 l[err] mor nore was
constructed ip_the downfl ow bay systentabhe 1 particl es/foreign

subst ances on|the bonding iinterface could ] .
Clean room HF void density

Example Class 1 0.22 pieces/cmz on average

Comparative |Class 100 0.89 pieces/cm2 on average

Example 1

As shown in Table 1, when the clean room of Class 1 using
an air filter having a collection efficiency of 99.9999% (6N)

10 or more for dust particles of a size of 0.lum or more was
constructed in the downflow bay system, the
particles/foreign substances on the bonding interface could
be decreased, and the HF void density could be largely
lowered.

15 Example 1 is associatedwith a clean room in a bay system
in which bays and return spaces alternate. However, the same
effect as described above can be expected even when, in a
clean room with a double structure, an air filter is set on
the entire ceiling surface of the inner room, and the outer

20 room is used as a return space.

(Example 2)

Fig. 2 is a sectional view showing the schematic
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be decreased, and the HF void density could be largely | owered. 15

Exanple 1 is associated with a clean roomin a bay system I n which
bays and return spaces alternate. However, the sane ef fect as

descri bed above can be expected even when, in a clean roomwith a
doubl e structure, an air filter is set on the entire ceiling surface
of the inner room and the outer 20 roomis used as a return space.
(Exanpl e 2) Fig. 2 is a sectional view show ng the schematic
-22 - arrangenment of a clean room of Exanple 2 of the first

enbodi nent. The cl ean roon1of Eﬁ gg e 2 ha not o

ar.at es shown
in Fig. 2 but aar@eslg\?aﬁn&ug E?Of“of’ EanRE&f 4cPhr | ﬁ% $ib8kded SO
substrate.

area where suﬁ&ﬁ%ﬁﬁ@?nQE|n ﬁaﬁﬁ? %tu?%ﬂ 3§YE%£%% %dz ggsnOt O%§¥zeln2ig
for preventi ”%tpﬁ)bﬂra %Iéé‘é' EHHan':& ﬂé‘ O\%n%ut a&s%“@%:?f%%%p{phe nrtglusférs:?B room

i's mounted on the cel ho rZation
effect by thenwkgféd@HEQQQ %1%Dng%@;@@hegugggrggeprevented fromsticking to

wafers, wafer carriers, and the i1k In respect of charge
bui | dUp insthe cleam rgaéaaﬂplcé Qa,m_hﬁgthe bapidt&D b MallsE andi BRI €in an
particularly, drying after cleaning nmust be done with caution. In

drying, rotarardayiwigres suldstrridsobathgmiang faptayied] aze erpoeds ampunt
of air to the ionizer 212 for preventing charge buildup in various
substances in the clean room is mounted on the ceiling, as
shown in Fig. 2. With the neutralization effect by the
10 ionizer 212, particles can be prevented from sticking to
wafers, wafer carriers, and the like.

In respect of charge buildup in the clean room, cleaning
silicon wafers and, more particularly, drying after cleaning
must be done with caution. In drying, rotary drying is

15 performed while spraying an enormous amount of air to the
wafers. At this time, static electricity of several
thousand V or more is generated due to friction between the
large quantity of air and wafers to attract dust. 1In the
clean room, antistatic fixtures are used. However, many

20 wafer carriers or conveyor boxes made of Teflon, which are
used to store or convey wafers, or rubber or vinyl gloves
having insulating properties are still used without any
antistatic treatment. Charge builds up in these fixtures
by friction and attracts light dust in the ambient.

25 The ionizer generates charges necessary for

neutralization, i.e., charges having a polarity opposite to
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wafers. At this tinme, static electricity of several t housand V or nore
IS generated due to friction between the | arge quantity of air and
wafers to attract dust. In the clean room antistatic fixtures are
used. However, many 20 wafer carriers or conveyor boxes nade of Tefl on,
whi ch are used to store or convey wafers, or rubber or vinyl gloves
havi ng insul ating properties are still used w thout any antistatic
treatment. Charge builds up in these fixtures by friction and attracts
light dust in the anmbient. 25 The ionizer generates charges

necessary for that oBeuhhabLa%iBtahofs af Y5 A AE AATLAL Ly oRROSIte

to char

substances andyguppld %%ﬂsf&%n@&%r&%% B%utt%hzatlspar gmeseﬂﬁgggeéltgr

neutralization. The charges wt opposite polarity are generate

i oni zi ng gas %Ekﬁ%ﬁk%ﬁpolarﬂ@&tBr@ng%h%%btb@ B?eigﬁlﬁﬂﬁﬁ Qésaﬁofé@ﬁlééc
field to generate 5 1on pairs. Table 2, the HF vo

densi ti es obt aiitedawhelecthiondadrgy su&%smmmtelmuémtw anéﬁ}aﬂ:be
cl ean roomof Class 1 shown in Fig. 2 and a bonded SO substrate
manuf act ur8d idenapairs.conventi onal clean roomof Cass 100 (Conparative
Exanple 10 1) were etched using concentrated hydrofluoric acid (49%

for 15 min are conpdr 88blBat h thende¥odd dendtties ebthdtesiwhen a Bondedl m
t hi ckness of 200 nm and a buried oxide filmthickness of 200 nm
Tabl e 2 SOT SUbStrate e GteuRd Laniherleanyoemiod deasstly shown

in Fig. 2 and a bonded SOI substrate manufactured in a

conventional clean room of Class 100 (Comparative Examnple
10 1) were etched using concentrated hydrofluoric acid (49%)

for 15 min are compared. Both bonded SOI substrates had an

SOI film thickness of 200 nm and a buried oxide £ilm thickness

of 200 nm.
Table 2
Clean room | Ionizer HF void density
Example Class 1 Present 0.09 p:i.eces/cm2 on
average
Comparative |Class 100 Absent 0.89 pieces/cm2 on
Example 1 average
15 As shown in Table 2, when the clean room of Class 1 using

an air filter having a collection efficiency of 99.9999% (6N)
or more for dust particles of a size of 0.lum or more was
constructed in the downflow bay system, and the ionizer was
set on the ceiling to prevent charge buildup in various
20 substances such as wafers and wafer carriers in the clean

room, any particles/foreign substances on the bonding
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Exanpl e Class 1 Pr esent 0.09 pieces/cnferr] on

aver age Conparative Cass 100 Absent 0. 89 pieces/cmon
Exanmple 1 average 15 As shown in Table 2,
when the clean roomof Cass 1 using an air filter having a collection
efficiency of 99.9999% (6N) or nore for dust particles of a size of
O0.1[err] mor nore was constructed in the dowmf | ow bay system and the
i oni zer was set on the ceiling to prevent charge buildup in various

20 substances such as wafers and wafer carriers in the clean room any

particles/for %.:r%{]eerfé‘g)éé YL§a B%eé%grggggé nginéin(tjhe HF |qﬁoid .dc?n could

-24 - ace could creased the VOI éﬁ?fty coul d
be largely | ovwgred 1v 1 d Exanple 2, DC MODEL442 avail able from
Hugl e El ectronﬁgces XAasov‘éerfp% oyed as the ionizer 212 and set under 5 a

6N air filter 210. AS BRad®Td Z8! BEO MEDEL42 Al BiY1S e Hugle OF @
conpact ionizer to be locally set, an equival ent product avai |l abl e

from anot her corgsworgieks R Rgnpl Biell | the iomduleralilzabingn sekf eglderay be
conbi ned. Exanple 2 is associated with a clean roomin a bay
system 105 i ra Wi abrbaEylcandl0et uas aspaorszalktey bat get iMommveiry shiosresane
ef fect as descri bed above can be expected even when, in a cl ean room
with a doubl e ot pucompact drerdizer totlee lpsaddy sgt. an eqikvahent erosiuding
surface of the inner room the outer room s used as a return space,
by partitioni r@fﬁlé}%tfw fAgther company and having a similar

neutralization effect may be combined.
Example 2 is associatedwith a clean room in a bay system
10 in which bays and return spaces alternate. However, the same
effect as described above can be expected even when, in a
clean room with a double structure, an air filter is set on
the entire ceiling surface of the inner room, the outer room
is used as a return space, by partitioning at least an area
15 for forming a bonding interface, i.e., an area from cleaning
two substrates to be bonded to bonding by a wall or the like
and using a 6N air filter. |

Referring to Fig. 2, reference numeral 200 denotes an

air conditioner; and 202, an air filter.
20 {Example 3)

In Example 3, in a clean roomof Class 100, an SMIF system
having a 6N air filter in a manufacturing apparatus is
employed, and an SMIF system having a 6N air filter is
employed to convey wafers in an apparatus and between

25 apparatuses for forming a bonding interface and bonding
wéfers.
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15 for formng a bonding interface, i.e., an area from cl eaning t wo

substrates to be bonded to bonding by a wall or the |ike and using a
6N air filter. Referring to Fig. 2, reference nuneral 200 denotes
an air conditioner; and 202, an air filter. 20 (Exanple 3)

In Exanple 3, in a clean roomof Cass 100, an SMF system having a 6N
air filter in a manufacturing apparatus is enpl oyed, and an SM F
system having a 6N air filter is enpl oyed to convey wafers in an

apparatus and between 25 apparatuses for formng a bonding interface and

bondi ng waf er s, : 232 5
he SMIF stem has not only a semicondutior
The SM F system has Hot onlfﬁ% Senm conduct or ¥ 2 fanu acturing apparatus

with an SMF pad SM § | e zhu 0B@aks s5U an SMF
armand an SMF d%%ﬁgﬁiﬁgg a%?ara%%% %ﬁg%S©?F%gggS?§aangsg/c%ggg?ner W th

a good seal usg@losurd HURORMEY Fobdi@r auwdl gk ear ier apfl §Aatahngmarc! ean
I nert gas or the like. A wafer carrier in the SMF pod is

i nsert ed/ extractstbrt.o/ from the sem conduct or manufacturing appar at us
in the SMF enclosure of a local clean roomhaving 10 a 6N air filter by
a wafer cabrier |odthenxgMiEChadi Smaardse/conttedneat ellthcbgicwdsehlassad SM F
armand SM F | oader havi ng a recovery nechanism The outer clean room
and waf ers, orto convieynan soerewalint warariserapndcorptairs \a icdeleat édefrtom

each ot her. . , ) )
gas or the like. A wafer carrier in the SMIF pod is

inserted/extracted to/from the semiconductor‘manufactufing
apparatus in the SMIF enclosure of a local clean room having

10 a 6N air filter by a wafer carrier loading mechanism and
dedicated robots such as an SMIF arm and SMIF loader having
a recovery mechanism. The outer clean room and wafers, or
human bodies and wafers are completely isolated from each
other.

15 An apparatus for performing a process after bonding
interface formation and until bonding, and an SMIF enclosure
between apparatus also preferably has a 6N air filter.

Even when the local clean room system such as the SMIF
system is employed, the same effect as in Examples 1 and 2

20 can be obtained by setting wafers in the same environment

as in Examples 1 and 2.
{Example 4)

Example 4 is associated with ELTRAN as a method of
manufacturing a bonded SOI substrate. In ELTRAN, the front

25 surface side of a first substrate having a porous layer on

this surface and a non-porous layer containing a
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15 An apparatus for performng a process after bonding I nterface

formation and until bonding, and an SMF encl osure bet ween appar at us
al so preferably has a 6N air filter. Even when the | ocal clean
room system such as the SMF systemis enployed, the sanme effect as in
Exanples 1 and 2 20 can be obtained by setting wafers in the sane

envi r onnent as in Exanples 1 and 2. (Exanpl e 4) Exanpl e
4 is associated with ELTRAN as a net hod of manuf acturi ng a bonded SO

substrate. In ELTRAN, the front 25 surface side of a first substrate

having a porous . | aye this surface _and a non- oL ou
containing a gXe crystal layer on tﬁ porous_ %ye Bonggﬁgr,@ BPyst al

d d
catond Substr htBa RFPEFEERye pRpRAREa’ S<Png, sukBEREEL Hindy MFERL W and

the porous |ayes e sub8RLRLNG1A8 Le SHELAGE Qfal BReSEERBHSS ge ghrate side

is 5 selectively renove thereby transferring crystal
layer on the fieabisubst Bﬁt @hkOshiR¢a2@CBRAthe seéHHét éﬁEEtrate side 169 3
is a plan view show ng the schematic arrangenent a clean roomfor
manuf act urifig scherdedeIP rembetaat Qh@ftebirotEhﬁBﬁé'rrlng the The clean
room shown in Fig. 3 is a clean roomof the bay system Referring to
Fig. 3, the aredngfle~Crgstal hayer on the fbrateaubbereca 6N che &etdea i S

set on the entire ceiling surface, and a vertical downflow of clean
air having a substrate.

Fig. 3 is a plan view showing the schematic arrangement

of a clean room for manufacturing a bonded SOI substrate by
10 ELTRAN.

The clean room shown in Fig. 3 is a clean room of the
bay system. Referring to Fig. 3, the area of "Class 1 bay"
is an area where a 6N air filter is set on the entire ceiling
surface, and a vertical downflow of clean air having a

15 controlled airflow velocity of about 0.3 to 0.45 m/s is
formed.

More specifically, this clean room has an underfloor
space of 2.5 m, a floor space of 3.0 m, and a ceiling space
of 2.0m. In this clean room, the underfloor space and floor

20 space are partitioned by floor with a mesh structure (grating
floor) through which air can pass. In the bay area, a 6N
air filter is set in the ceiling. Clean air passing through
the 6N air filter is sent from the ceiling to the floor and
then to the underfloor through the floor as a vertical

25 downflow with an airflow velocity of 0.3 to 0.45 m/s. The

air sent to the underfloor returns to the ceiling through
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15 controlled airflow velocity of about 0.3 to 0.45 nls is f or med.
More specifically, this clean room has an underfl oor space of 2.5 m a
fl oor space of 3.0 m and a ceiling space of 20 m In this clean
room the underfloor space and floor 20 space are partitioned by fl oor
with a nmesh structure (grating floor) through which air can pass. In
the bay area, a 6N air filter is set in the ceiling. Cean air passing
t hr ough the 6N air filter is sent fromthe ceiling to the floor and
then to the underfloor through the floor as a vertical 25 downflow wth

an airflow velgcl ty?tilfrheg?%éé’? | Hﬁts’t]?%ﬁ %rTJée) next ¥d 4P 408 anda

under f | oor return

.27 - \%roug a3Rad et]t(.x%ﬁdﬂ? E}ieaél\?él Nexied0, t AR DAY RS ggg%b ay

circul ates agaln t he 6N air ter. The return space

area are corrpl@ﬁ&'ﬁéypa&batw@%ﬂm&é@ baot it heAEENy a wal heoMaldrough
structure on the floor. he filter in each of manufacturing

appar at uses 30dhé owall stSﬁBct@r@l@z@ thé&éNwdgsrfilter. Hence, substrates
bei ng manuf actured are exposed to only clean air passing through

the 6N air 5Sfilter. The filter lim aehodfaanudental iBgaapperdtus88s @01 exs
dust particles 10 each having a size of 0.1-[err]mor nore are present
per cubic 30®o0is (21901876MraiesEi et . péh@b@le§UQ§¢wah@$ih@i@gsize of
O0.1-[err]mor nore are present per cubic centingeter), cl eanl i ness
of Class 1 or Warefaqtyeed ofe opmyed s/ PRLY cle@ltla%l'arnfs%mgaémrﬁwh At

each of 29 neasurenent goknts in
the 6N ai llter.

In the clean room of Example 4, 39 or less dust particles
10 each having a size of 0.l1-um or more are present per cubic
foot (0.00137 or less dust particles each having a size of
0.1l-pm or more are present per cubic centimeter), so
cleanliness of Class 1 or more in Fed. St. 209D: USA IS
standard is realized. At each of 29 measurement points in
15 the bay area, 1 cubic foot or more of air was sampled, and
the particle density in the air was measured three times using
a dust counter capable of measuring 0.1l-um or more particles.
The particle density was 0 particle/cubic foot at all points.
In the manufacturing apparatuses 301 to 308 as well,
20 cleanliness of Class 1 or more in Fed. St. 209D: USA IS
standard is realized.
In Example 4, an ionizer is set on the ceiling of the
Class 1 bay in which the automatic anodizing apparatus 306,
the epitaxial growth apparatus (Epi apparatus) 307, the
25 oxidation furnace 308, the automatic wafer transfer

apparatus 301, the automatic wafer cleaning line 302, and
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15 the bay area, 1 cubic foot or nore of air was sanpled, and t he

particle density in the air was neasured three tines using a dust
counter capable of neasuring 0.1-[err]mor nore particles. The
particle density was 0 particle/cubic foot at all points. In the

manuf acturi ng apparatuses 301 to 308 as well, 20 cleanliness of Class 1 or
nore in Fed. St. 209D. USA IS standard is realized. In
Exanpl e 4, an ionizer is set on the ceiling of the Class 1 bay in

whi ch the automatic anodi zi ng appar atus 306, the epitaxial growth

apparatus (Ep{,anpas 'cﬁgzdiéfﬁgz%pg%%gt ilﬂ‘?st 'h% TIHNAGE A1 BEges . |

automati c waf er transfer e automati c wafer cleaning
l'ine 302, anda‘he ionizer neutralizes wafers or wafefScarriers int¥#€ich
I ng

aut omati c bon apparatus 303 are | ocated on both sides. The 1 oni zer
neutralizes wahgk§eOhawabah1€aupl psSni NoWhi 6/ unloa8hagdrRabassbui It up upon
| oadi ng/ unl oadi ng waf ers. Steps of manufacturing a bonded SO
substrate by ELTRANteps 6 ndim:fdoran imeoakshmded S0IBubstratd bybErLTREKT i bed
bel ow. Figs. 4A to 4F are views show ng steps of nmanufacturing a
bonded SO S5 sulst theechbgaklf@RAh. shown in Fig.n 3t weldt bp dasenibedFbglowA, a
single-crystal silicon substrate 400 is anodi zed by the autonmatic
anodi zi ng 10Figppadat 4o 306are voerwsashevong stepeopt |mgreidoiuring &his
time, the thickness of the_porous |ayer on the single-crystal silicon
substrate 400PP8defefOlasMpstaage byeGeTRAN errImto several ten

err]lm However, the substrate ma e ol | , o
[ ] In the step ShOVX’l gn %‘A.{Pg. XA, a single-crystal silicon

substrate 400 is anodized by the automatic anodizing

10 apparatus 306 to form a porous silicon layer 401. At this
time, the thickness of the porous layer on the single-crystal
silicon substrate 400 is preferably, e.g., several pm to
several ten pum. However, the substrate may be wholly
anodized.

15 To form a porous silicon layer, a p-type single-crystal
silicon substrate 400 is preferably prepared. An n-type
single-crystal silicon substrate may be used. In this case,
however, a substrate having a low resistance must be prepared,
or generation of holes must be prompted in anodizing by

20 irradiating the substrate surface with light.

In Example 4, the p-type single-crystal silicon
substrate 400 was cleaned by the automatic wafer cleaning
line 302, and then, one surface of the p-type single-crystal
silicon substrate 400 was anodized by the automatic anodizing

25 apparatus 306 by about 10 pm to form a porous silicon layer
401.
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anodi zed. 15 To forma porous silicon |ayer, a p-type single-crystal

silicon substrate 400 is preferably prepared. An n-type si ngl e-crystal
silicon substrate may be used. In this case, however, a substrate
having a | ow resi stance nust be prepared, or generation of holes nust
be pronpted in anodizing by 20 irradiating the substrate surface with
l'ight. In Exanple 4, the p-type single-crystal silicon

substrate 400 was cl eaned by the automatic wafer cleaning line 302,
and then, one surface' of the p-type single-crystal silicon substrate
400 was anodi zed by rhhenaukeE! shoanodinZizng. 48, aPRBhabu$oad6 by about 10
[errlmto forma porous silicon |ayer 401.

- 29- singlle-tR¢ssheps BIyeh 1ayver0404B.s apeaxPal PY¥rown on the
single-crystal silicon layer 402 is epitaxially grown on the por ous

silicon | ayer #6touEpsihiitah lgwent HOTan Bye teerifadr geOwth carbpedenef stmed
thermal CVD, | ow pressure CVD, plasnma CVD, 5 nolecular beam epitaxi al
growt h, or spubvegengrailntBrampleCVD, ldw-phespore GED| pbasmansvbdn t he
porous silicon |ayer 401 were slightly surface-oxidized by the

oxi dati on furnBeéegudar beam gpi el grewshnge sEUESexling.| | EDr’n;X%W[ele402
was fornmed by the epitaxial growth apparatus (Epi apparatus) 307 next
10 to the oxiéat%Bﬁ PBFﬁaW€1é089rtTﬂESthPcR%%S%OEﬁu$kﬁ#fﬁconéﬁif%ﬁi%@ly

groun | o1t | SylE DR SPRECEL B A e eSS e e She,
decreased Uponaﬁheeﬂgﬂg'the single-crystal silicon layer 402 was formed
by the epitaxial growth apparatus (Epi apparatus) 307 next
10 to the oxidation furnace 308. The thickness of the
epitaxially grown layer is designed in consideration of the
SOI active layer, the amount be consumed by the buried oxide
film, and the amount to be decreased upon cleaning.
In the step shown in Fig. 4C, the surface of the
15 single-crystal silicon layer (epitaxial layer) 402 is
oxidized by the oxidation furnace 308 to form a buried oxide
film 403 having a predetermined thickness.
In the step shown in Fig. 4D, the substrate 400, i.e.,
a first substrate on which the porous silicon layer 401,
20 single-crystal silicon layer 402, and oxide film 403 are
formed, and a silicon substrate 410 as a second substrate
are prepared. As the support substrate 410, not only a
substrate having an oxidized surface, a silica glass
substrate, or a crystallized glass substrate but also a
25 substrate prepared by forming an oxide film on an arbitrary

substrate can be selected. In Example 4, as the support
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In the step shown in Fig. 4C, the surface of the 15 single-crystal

silicon |layer (epitaxial layer) 402 is oxi di zed by the oxidation
furnace 308 to forma buried oxide film 403 having a predeterm ned

t hi ckness. In the step shown in Fig. 4D, the substrate 400, i.e.
a first substrate on which the porous silicon | ayer 401, 20

single-crystal silicon |ayer 402, and oxide film 403 are formed, and a
silicon substrate 410 as a second substrate are prepared. As the
support substrate 410, not only a substrate havi ng an oxi di zed

surface, a sildqfBtHASS a siliTdssiBserads whoskysiofddd dsHASBx3UbBTLEAt €
but also a 25 substrate prepared by formng an oxide filmon an arbitrary

substrate canwes selileaitedl, lahdEdlsibbtratd HO0swppatiich the porous

- 30- substrate, a silicon substrate whose surface was not oxidized
was sel ect ed, sdfidddre Isutest réile 40hgdre-whivsttatlhe ijdooms layer 4i02,cemd ayer
401, single- crystal silicon |ayer 402, and oxide film 403 were forned
and the silicoxigighEilnt40y U@Fﬁoﬁqm@i §E§s’fth€a§é}lﬂ90 siErst1a i syppprithe
automatic mafer cl eani ng One or both of the first
and second suB%F?%H¥§$Q%a¢1Qewere C%ﬁﬁﬁﬁ§%é&ﬁ6hﬁ PRt i wedsierdepaing
activate the surface oxide filmand inprove the bonding strength. As a
gas, oxygen i 19&)3%%eferably used. AIternativer, a gas such as air

(e s 27500 SRR % P CARPRL e B MR DRG0 0 B8
exposed to a plasma atmosphere to activate the surface oxide
film and improve the bonding strength. As a gas, oxygen is

10 preferably used. Alternatively, a gas such as air (mixed
gas of oxygen and nitrogen), nitrogen, or hydrogen, an inert
gas such as argon or helium, or a molecular gas such as ammonia
may be used.

In the step shown in Fig. 4E, the cleaned substrates

15 are conveyed from the automatic wafer cleaning line 302 to
the automatic bonding apparatus 303 and bonded by the
automatic bonding apparatus 303. In the clean room of
Example 4, a number of ionizers are set on the ceiling of
an area from the unloader portion of the automatic wafer

20 cleaning line 302 to the automatic bonding apparatus 303 to
neutralize wafers or wafer carriers in which charge has built
up upon loading/unloading wafers.

Subsequently, the bonded substrate stack is annealed
to increase the bonding strength. Annealing temperature is

25 preferably high to some extent. However, if the temperature

is excessively high, the structure of the porous silicon
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may be used. In the step shown in Fig. 4E, the cl eaned substrates

15 are conveyed fromthe automatic wafer cleaning line 302 to t he
aut omati ¢ bondi ng apparatus 303 and bonded by the aut omati ¢ bondi ng
apparatus 303. In the clean room of Exanpl e 4, a nunber of ionizers
are set on the ceiling of an area fromthe unl oader portion of the
automatic wafer 20 cleaning line 302 to the automatic bondi ng appar at us
303 to neutralize wafers or wafer carriers in which charge has built
up upon | oadi ng/ unl oadi ng waf ers. Subsequently, the bonded

substrate stagkybs apneah9dchange! ookn&ﬁegﬁﬁukbeyb@mwgnéar eAgthe _
Anneal ing tenperature is ~ 25 preferably high to sone extent. However, if

t he tenperat us@bstrateSn&y@GEITF R Ynbbothe tdidglla-atigte 1051l heopor Hysr
31-

silicon - | ayer 401 may
change, or an(eppuaxtiglchayerndd2i.n tor thissudssonf @ traypdrafuse amio t he
single-crystal silicon |ayer (epitaxial layer) 402. For this reason,

a tenper at ur etame which tdoneotipade dochor prodd esushsth e eblleatadst Yere
selected. Mre 5 specifically, a tenperature of 1,200[err]C or less is
preferabl 8 specificaldie & GeBPrEpEYTEAher 2B8°¢ P&alees 46 P gferable.
t enper at ur es. For exanpl e, when the support substrate 410 is a silica
gl ass subst r afOme; HirRS SIRLEF LEETRISRe heeahRdA e 819 LAIRAKART HERT e
of about 200[err]C or less.because of the d#fpergn%gé n thenqal 1
expansi on coef PECTEHIP 1Rt WEER SPF I TEP A TuSUPPFER G145 154 Stlicaglags
tenperatures, sgg%tgg%%edFﬁEgs%géﬁraséea%%s%a ePSflefed at aPLEREPYSELESS
However, a bondirng-intérface I Ch can

of about 200°C or less because of the difference in thermal

10 expansion coefficient between silicon and silica glass. At
higher temperatures, the bonded substrate stack may ioeel or
break by stress. However, a bonding interface which can
withstand stress in the next grinding or etching process of
the bulk silicon 400 need only be obtained by annealing.

15 Hence, when the surface treatment conditions in activation
are optimized, annealing temperature can be set at 200°C or
less.

In the step shown in Fig. 4F, the non-porous
single-crystal silicon portion 400 and porous silicon layer

20 401 are selectively removed to leave the single-crystal
silicon layer (epitaxial layer) 402. With this process, an
SOI substrate having a satisfactory film thickness
distribution is completed.

In this process, the non-porous single-crystal silicon

25 portion 400 is ground by agrinder 313 or the 1like in a grinding

chamber 312 by about several hundred pm, and then dry-etched
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w thstand stress in the next grinding or etching process of t he bul k
silicon 400 need only be obtained by annealing. 15 Hence, when the surface

treatnment conditions in activation are optim zed, annealing
tenperature can be set at 200[err]C or | ess. In the step
shown in Fig. 4F, the non-porous single-crystal silicon portion 400
and porous silicon layer 20 401 are selectively renoved to | eave the

si ngl e-crystal silicon |l ayer (epitaxial layer) 402. Wth this process,
an SO substrate having a satisfactory filmthickness

d! stribution ib%( % %' eggggraloux{\ b(yn R&go?Rchélgégf Esﬂtchl%rggon p%&%@e

si ngl e-crystal |con roun Oof "t he

like in a gri mgjéﬂgorous fgﬁgmrozﬁl%ﬁg abotie %%‘f@b%lrolﬁléngiﬁgl[aQEH]EEaimd

then dry-etch

several [err] iy B dReadd wo %yEno%hkf@%vtea @mg}ssy grlﬁa§ngo{19§ﬁgl ayer
402. The entire non-porous single-crystal silicon portion 400 may be

removed only hy g@@in@dimerusheglike 8rhhyasy ®IH -y @t@h@hgombyehpoBbE dry
etching to expose 5 the porous silicon layer 402.

si ngl e- crySt alttsd Ipcamusparitlicrom QGyiexr gro2und i n the gri nd| ng chanber
312 partitioned by a wall. In Exanple 4, cl eanliness of the grinding
chanber 312 is roudtis sdngde-t@gstal silicon PogtponodB0 disl grounfiayech402 is
exposed and then 10 selectively etched by an automatic thinning/etching

| i ne 305 grinding ahambgmgile- paysihioned bvna vkl (dpi Exripilel 4yer)
cleanliness of the grinding chamber 312 is roughly Class 100.

The porous silicon layer 402 is exposed and then
10 selectively etched by an automatic thinning/etching line 305
to leave the single-crystal silicon layer (epitaxial layer)
402. The etching rate for porous silicon is 105 to 10° times
that for non-porous silicon. For this reason, when a number
of wafers are subjected to a batch process in units of wafer
15 carriers in the automatic thinning/etching line 305, SOI
substrates having a satisfactory film thickness distribution
can be obtained.
Etching of porous silicon progresses rapidly when the
pore walls abruptly break by the etching function of an
20 etchant entering the pores. Hence, the etching selectivity
ratio of porous silicon to non-porous silicon reaches 10’ to
10° times. The underlying single-crystal silicon layer
(epitaxial layer) 402 is formed from non-porous silicon and
therefore etched little because the etching rate is smaller
25 than that for porous silicon by five to six orders of

magnitudes. The single-crystal silicon layer 402 is left
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402. The etching rate for porous silicon is 10 to 10 tines t hat for

non- porous silicon. For this reason, when a nunber of wafers are
subjected to a batch process in units of wafer 15 carriers in the
automatic thinning/etching Iine 305, SO substrates having a
satisfactory filmthickness distribution can be obt ai ned.

Et ching of porous silicon progresses rapidly when the pore wal | s
abruptly break by the etching function of an 20 etchant entering the
pores. Hence, the etching selectivity rati o of porous silicon to

non- por ous si | ICOﬂ re ches

si ngl e- crysta? sf Peo Ongg§9 Eﬁln(gb}?ay?éﬁg?%§%?? ﬁ% f£y$2€%%%k??%ﬁm
non- por ous S|hh§@§gﬁ@gx upoﬁaggﬁ%ggagleégg%g little because the etching

rate is smaller porods si |con by five to six orders of
magni tudes. The si gl ¢SSRV ldr%%%slsay%h 402 Shpkekhte having a

- 33- as a uniformSAO thinfilmmintaining the filmthickness

uni formty upgatgpifhaxiozly gmwtbmckness distWildutdihe akovempreeess, an SO
substrate having a satisfactory filmthickness distribution is

conpl et ed. 5 | nExampExadplthedsol BabSOrasuhisd eabaned 3t eAsemh Hymdtie: RuFepnt i C
waf er cleaning line 304, and then, hydrogen annealing is perforned

to planari ze theasinbaténe 304, and then phegdenyehcammeabim@iisnaer igrinbd
anodi zed p-type single-crystal silicon substrate 400 fromdiffusing

into the 10 tsOplaveiniae &fer sumfacegen annealing is perforned to

externally diffuse boron.
To prevent boron contaminating the anodized p-type

single-crystal silicon substrate 400 from diffusing into the
10 SOI active layer, hydrogen annealing is performed to
externally diffuse boron.
A bonded SOI substrate manufactured in the clean room
of Example 4 and a bonded SOI substrate manufactured in a
clean room of Class 100 (Comparative Example 3) were etched
15 using concentrated hydrofluoric acid (49%) for 15 min.
Table 3 shows the HF void densities at this time and boron
concentrations in the SOI active layers obtained by SIMS
analysis. Both bonded SOOI substrates had an SOI film

thickness of 200 nm and a buried oxide f£film thickness of 200

20 nm.
Table 3
Clean room HF void density
Example Class 1 0.03 pieces/cmzon average
Comparative |Class 100 0.75 pieces/cmzon average
Example 3

As in Example 4, when the clean room of Class 1 using
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A bonded SO substrate manufactured in the clean room of Exanple 4 and
a bonded SO substrate manufactured in a cl ean room of C ass 100
(Conparative Exanple 3) were etched 15 wusing concentrated hydrofluoric
acid (49% for 15 mn. Tabl e 3 shows the HF void densities at this
time and boron concentrations in the SO active |layers obtained by

SI M5 anal ysis. Both bonded SO substrates had an SO film

t hi ckness of 200 nm and a buried oxide filmthickness of 200 20 nm

Table 3 Cl ean room HF void density Exanpl e

Class 1 arla 938 flilaGAsheviAgld coNlayeisg@fficicuePar Ad \»99@ asN) 100
0.75 pieces/cnferr] on average Exanple 3 As in Exanpl e 4,
when the cl eamy a@neoffdd @ustl pasitigles of a size of 0.l1um or more was -
34 - an air filter having a collection efficiency of 99.9999% (6N)
or nore for desmgianduscednothe &rwef bfw ®ayf eyslemoramdriievdonizer was
constructed in the downf |ow bay system and the ionizer was set on
the ceiling t & @reritheiamigdnsuitcipy svienrachagge Puléél%’t ARC¥ST4OE® as
wafers and_wafer carriers in the clean room .particles/foreign

subst ances? on RS BTRHFuch as W@F’écéméomaéeﬁecaﬁ F%’a’§e&ln 5he Fﬁ@aPIF

dd t | d be |, [y |
\l\//E]IDEL4zgsiavg| &?ﬁlﬁ“é BRI § arl%%fyfoé%\évte?tnr Shbesangss r?ﬁ S%d mg‘ |on| zer

and set under i%tel\lLface could be decreased, and the HF void density could
be largely lowered.
In Example 4, DC MODEL442 available from Hugle

10 Electronics was employed as the ionizer and set under a 6N
air filter. As an ionizer to be set in an air shower or a
compact ionizer to be locally set, an equivalent product
available from another company and having a similar
neutralization effect may be combined.

15 Example 4 is associatedwith a clean room in a bay system
in which bays and return spaces alternate. However, the same
effect as described above can be expected even when, in a
clean room with a double structure, an air filter is set on
the entire ceiling surface of the inner room, the outer room

20 is used as a return space, by partitioning at least an area
for forming a bonding interface, i.e., an area from cleaning
of two substrates to be bonded to bonding by a wall or the
like and using a 6N air filter.

Even when a local clean room system such as an SMIF

25 system using a 6N air filter is used in the clean room of

Class 100, the same effect as described above can be expected.
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air filter. As an ionizer to be set in an air shower or a conpact

ionizer to be locally set, an equival ent product avail able from

anot her conpany and having a simlar neutralization effect nay be
conbi ned. 15 Exanple 4 is associated with a clean roomin a bay
system in which bays and return spaces alternate. However, the sane
ef fect as descri bed above can be expected even when, in a cl ean room
with a double structure, an air filter is set on the entire ceiling

surface of the inner room the outer room 20 is used as a return space,

by partitioning at 4 e%&Bmﬁ’ieari e%ftfer tﬂgrtvLoo%%ggrthg%%%# o H annd| ng

i.e., an area from'cleani two su rates to be

by a wall or tfa¢ porodd 5?1@39&&61‘&&1 @Noadrés fehio®ed by grlndlngEﬁgﬁlnyhen a
| ocal cl ean room Ssystem such as an SMF systemusing a 6N air filter

is used in the ¢raxAdOYR dhe 1ikeld aHéwéG@r the a@%16§é§cina§a§§ﬁééébed
above can be expected. 35

| n Exanpl e 4, paftetrt thdd-opetiuNstratas2eepe tiwdethdddieubstradie payobe
silicon portion 400 was renoved by grinding using a grinder or the

i ke. Howefer sepsrditss] asdn itwal apdosdsmtes aRateemidddied pOperi oo o 7332889,
t he bonded substrate may be 5 separated into two substrates at a mddle
portion of theorouspded®s ayak arfwrgblé ey tieonpehicn basi beehagobmed

f or med in the porous |ayer in advance. Such a fragile portiagn can

be forned in tiffe tH6r BAEOLEyERY Y Jéha?ﬁigﬁaﬁ’ge §uCht¢1§r@tﬂlr1é1P°rtl%Can

anodi zi n 1 f{er .the bonded sub tra e stack is se rat ed |nto t wo
9- %e formeé in the porous fayer angting, e.g p%e current

in anodizing.

10 After the bonded substrate stack is separated into two
substrates, the second substrate side, i.e., the support
substrate 410 is processed by the automatic thinning/etching
line 305 to expose the single-crystal silicon layer
(epitaxial layer) 402. The first substrate side, i.e., the

IS5 p-type single-crystal silicon substrate 400 side can be
anodized again and reused after the porous silicon layer is
removed. Hence, the manufacturing cost of bonded SOI
substrates can be reduced.

When a transparent insulating substrate suchasasilica

20 substrate is used as the support substrate, a transparent
insulating substrate having a single-crystal silicon layer
on the surface can be manufactured.

{Example 5)
In Example 4, the single-crystal silicon substrate 400

25 1is anodized to form the porous silicon layer 401, and the

single-crystal silicon layer 402 is epitaxially grown on the
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substrates, the second substrate side, i.e., the support substrate 410

I s processed by the autonmatic thinning/etching line 305 to expose the
single-crystal silicon |ayer (epitaxial layer) 402. The first
substrate side, i.e., the 15 p-type single-crystal silicon substrate 400
si de can be anodi zed again and reused after the porous silicon |ayer
S renoved. Hence, the manufacturing cost of bonded SO

substrates can be reduced. When a transparent insulating

substrate such as a silica 20 substrate is used as the support substrate,

a Lransparent roug @3@3@@5 te Eﬁvhggmﬁléi 9?'3ﬁ0£§ﬁlg§np§gh£88”

Iayer e SUI’ ace can act ure

In Exanpl e 4 ﬂé}féﬁl(ﬁqbﬁzo%&%% %{gégpnl@%&tn{ea en9PacdDf itheapagiagd 1o
formthe porous silicon [ayer 401, and single-crystal silicon

| ayer 402 is epiyeaxially grown on the

- 36 - porous silicon |ayer 401. In Exanple 5, an ion-inplanted

| ayer (m cro-cavityrt @semplies 5f asnmedll n plcdeanctobheupirius air fliayer.

In Exanple 5 as well, a clean roomusing an air filter 5 having a

col l ectionSef fiasrignry 0b13ece908% { 6N iencymmfe 996P999% (ENstopardticifes of a
size of O.1l[err]mor nore was constructed In a downf | ow bay system
and an i oni zerdUgs BRittishleheokd 1Sigp of 0.fl¢mpeayBerecHargeoBaEFYgEetn

vari ous substances_such as wafers and wafer carriers in the clean
room in a downflowbay system, and an 1onizer was set on the ceiling

to prevent charge buildup in various substances such as
wafers and wafer carriers in the clean room.

10 In Example 5, at least one element of a rare gas,
hydrogen, and nitrogen is ion-implanted into a
single-crystal silicon substrate to form a porous layver in
the single-crystal silicon substrate. A bonded SOI substrate
manufacturing method using this method will be referred to

15 as ion implantation peeling hereinafter.

The bonded SOI substrate manufacturing method using ion
implantation peeling will be described below. Figs. 5A to
5E are views showing steps of manufacturing a bonded SOI
substrate by ion implantation peeling.

20 In the step shown in Fig. 5A, an insulating layer (SiOz
layer) 503 is formed on the surface of a single-crystal
silicon substrate 500.

In the step shown in Fig. 5B, hydrogen ions are
implanted into the single-crystal silicon substrate 500, and

25 the structure is annealed to form an ion-implanted layer

(micro-cavity layer) inside the single-crystal silicon
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10 In Exanple 5, at |east one elenent of a rare gas, hydr ogen,
and nitrogen is ion-inplanted into a single-crystal silicon substrate
to forma porous |ayer in the single-crystal silicon substrate. A
bonded SO substrate manuf acturing nethod using this nethod will be
referred to 15 as ion inplantation peeling hereinafter. The
bonded SO substrate manufacturing nmethod using ion i npl antati on
peeling will be described below Figs. BAto 5E are views show ng
steps of manufacturing a bonded SO substrate by ion inplantation
peeling. 20 substrbhiet BO0St eThe hmwelerdtiipn Syeryy o ulats nop |lager
(Sigerr] | ayer) 503 is formed on the surface of a single-crysta
silicon subst impdaBfed is set such |thaththe toep istrdvireri napgg. h&dBa @gelivgén
ions are inmplanted into the single-crystal_ silicon substrate 500, and
25 the strucfgpéhis Ahleangl thefoiae and siensdramiedomyrgd micro
(mcro-cavity layer) inside the single-crystal silicon .

-37 - caup&iest €hspge f#RESRELBIePRt FBR AHBLEYLBEIPBNEOEE  pERe

inmplanted js set _such that .the projection.range has_a. desired s _dept h.

Al t hough t%e Ppdanfgtdensfese ofs F&@ﬁaﬁﬂg}%QOUt%'éa%gtié%ﬁdﬁéﬁbecm :
dependi ng on the ipplantation.dose, the 5 jnplant.atioen dose, | eferably
Zbout 1'% 10[ 89 7ot Bocti e PRt ERpartred, IR 3oncHESIoRcREELE

range, channehgggbgo rFRL-ARtgat i on may be perforned. Wth
this process, a“first substrate having a single-crystal silicon |ayer

(SO active layer) BQ2 WE& process, a first substrate having a

single-crystal silicon layer (SOI active layer) 502 under

10 the insulating layer 503 and an ion-implanted layer 501 under
the single-crystal silicon layer 502 is formed. The first
substrate has almost the same structure as that shown in
Fig. 4C. When the ion-implanted layer 501 is observed with
a transmission electron microscope, many micro cavities are

15 found.

In Example 5, in a Class 1 clean room of the bay system
using a 6N air filter, like Example 4 (Fig. 3), hydrogen ions
are implanted using an ion implantation apparatus (not shown) .
The implantation dose was set to be 1 x 10" cm".

20 In the step shown in Fig. 5C, the first substrate and
a support substrate, i.e., a second substrate 510 are
prepared and cleaned by an automatic wafer cleaning line.

In the step shown in Fig. 5D, the cleaned substrates
are conveyed from an automatic wafer cleaning line 302 to

25 an automatic bonding apparatus 303 and bonded by the

automatic bonding apparatus 303.
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10 the insulating |layer 503 and an ion-inplanted | ayer 501 under t he
single-crystal silicon layer 502 is formed. The first substrate has

al nost the sanme structure as that shown in Fig. 4C. \Wen the
ion-inplanted | ayer 501 is observed with a transm ssion el ectron

m croscope, many mcro cavities are 15 found. In Exanple 5, in a
Class 1 clean room of the bay system using a 6N air filter, like
Exanple 4 (Fig. 3), hydrogen ions are inplanted using an ion

i mpl ant ati on apparatus (not shown). The inplantati on dose was set to

be 1% 100er ] ont §f b c@orrare il 56 SRAMULAE oy Db Lar o

substrate and a sup ., a Seco are

prepared and g Q%%‘i’:ggéyeEEhi‘ &Or@é,'ﬁl vabebiel ganingudJddie; in Example 5" the

step shown in he cl e€aned substrat es are conveye rom an

aut omatic waf %ﬂ:’t%'xe%'i‘l'en%o'nld'é% 30Dl atdd stakkawhemtbarbead B¢ apparat us
303 and bonded by the automati ¢ bondi ng apparatus 303.

-38 - ion-imp18@tesubsieats) 1Ry hbei bt diglech tord Y akerpDé £ 6 imghand
sel ective etching, as in Exanple 4. However, in Exanple 5, after the
bonded subS$t r auppsirac s uless reggasdded was phéished, i bherabyanbedihapgr ab01,
the ion-inplanted |l ayer left on the 5 support substrate side was

pol i shed, t herS€y sobtsdindtieg asn shown 3@ FdgbstdFate as shown in Fig. 5E.
When a bonded SO substrate is nmanufactured in a clean roomwth | ow
cl eanl i ness, parti &hen grbapdad $ePpHuhstaate is manufactured in a clean

room with low cleanliness, particles or metal impurities
stick to the single-crystal silicon substrate in which ions
10 aretobeimplanted, andno ions are implanted to that portion.
In this case, since a uniform ion-implanted layer 501 cannot
be formed on the entire surface, the etching selectivity is
lost, and a uniform SOI active layer 502 is difficult to
obtain. Even in the process of separating the bonded
15 substrate stack at the ion-implanted layer 501, separation
is difficult at a portion where the ion-implanted layer 501
is not uniform, and the substrates may break.
On the other hand, when this process was performed in
the clean room of Example 5, a uniform ion-implanted layer
20 501 could be formed on the entire surface. For this reason,
the bonded substrate stack could be satisfactorily separated
at the ion-implanted layer 501, and a uniform SOI active layer
could be obtained.
As in Example 5, when the clean room using an air filter
25  Thaving a collection efficiency of 99.9999% (6N) or more for

dust particles of a size of 0.1lpum or more was constructed
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stick to the single-crystal silicon substrate in which ions 10 are to be

I npl anted, and no ions are inplanted to that portion. In this case,
since a uniformion-inplanted | ayer 501 cannot be formed on the entire
surface, the etching selectivity is |l ost, and a uniform SO active

| ayer 502 is difficult to obtain. Even in the process of separating
the bonded 15 substrate stack at the ion-inplanted | ayer 501, separation
is difficult at a portion where the ion-inplanted | ayer 501 i s not
uniform and the substrates may break. On the other hand, when

this process wps Has fQuREL b bay syidtert! 83R ERBM 6fi FXANPAL St BAINHOr M
lon-inplanted layer 20 501 coul d be forned on the entire surface. For

this reason, ceillihe dppdedesthsidie batiaakpcoyh@diousastbéashees|such
separ at ed at the ion-inplanted | ayer 501, and a uniform SO active
| ayer Couhd hefebtaan@dwafer carrieds im thxanmpleard, radren dme cl ean
roomusing an air filter 25 having a collection efficiency of 99.9999%
(6N) or nore fparticlediforpaghisiegaices shzeheboddipher iftevfadereawd

construct ed 39 in the
downf | ow bdy sbst@ﬁ?ra@aedhean@nth@rHﬁaﬁos@td%mﬁ¥ﬁé COUldé@¢Il®§g¢hYprevent
charge buildup_in various substances such as wafers and wafer carriers
in the clean rb8Werady particl es/foreign substances on the bonding
interface could 5 e decreased, and the HF void _de y Cco ely
| over ed. The Tresent IRATITNCEP AR Hor ST R ed

SQ substrate gBEufs%tngr:égg quﬁgggctl%%ngl8§t1%danqn.'tx%?nrples of another

bonded SOI substrate manufacturing method are as follows.

10 For example, after a first substrate is bonded to a
second substrate via an insulating layer such as an oxide
film, the lower surface of the first substrate is ground and
polished to thin the substrate to about 1 to 3 um, and the
etching region for local plasma etching is scanned while

15 monitoring the £ilm thickness distribution, thereby forming
an SOI laver.

Alternatively, a p*—type Si thin film which contains
boron at a high concentration and p-type Si thin film are
formed on a p-type substrate by, e.g., epitaxial growth to

20 prepare a first substrate. After the first substrate is
bonded to a second substrate via an insulating layer such
as an oxide film, the lower surface of the first substrate
is ground and polished. After this, the remaining p-type
Si thin film is selectively etched to expose the p+—type Si

25 thin film, and the p+—type Si thin film is selectively etched

to expose the p-type Si thin film, thereby completing an SOI
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bonded SO substrate manufacturing nmethod are as follows. 10 For
exanpl e, after a first substrate is bonded to a second substrate via
an insulating | ayer such as an oxi de film the | ower surface of the
first substrate is ground and polished to thin the substrate to about
1to3[err]m and the etching region for local plasma etching is
scanned while 15 nonitoring the filmthickness distribution, thereby
form ng an SO | ayer. Alternatively, a p-type Si thin film
whi ch cont ai ns boron at a high concentration and p-type Si thin film
are for meq QR td-type substrate by, e.g., epitaxial growth to 20
prepare a first substrate. After the first substrate is bonded to a
second substrate Vim alhdds Wlaatu g dudigly Hethods asawedll ,0Xihde fgdmm the

| ower surface of the first substrate I's ground and polished. After
this, the renmsulisiyardsypee manuSacthiredf ihm iGlasd deidlwalny rebohed the
expose the p-type Si 25 thin film and the p -type Si thin filmis

sel ectivel y ebelyedystem usdiraxpossin idlper\hmvisig alial fedthon kéfébyency

conpl eti ng an SO - 40-

structure.5 of 99.99PR%t Ha¥le omameir & donr dwelt pertided egsohd Flzatrh Osdpm
substrates are manufactured in a_C ass 1 clean rgom of the system
using an air 94 f“é’?—"er'la%n]g}1 EXCBPLECPT o PAMS BREFCtHS éresgglm%eef or
nore for dust ﬁocles of aqjsue of 0. 1[err]m or nore, as in Exanple
5, the same eﬁp’aé’c SR Yed above can be expect ed.

When a transparent insulating substrate suchasasilica
substrate is used as the support substrate, a transparent
10 insulating substrate having a single-crystal silicon layer
on the surface can be manufactured.
(Effect of First Embodiment)
According to this embodiment, when a clean room with
cleanliness of Class 1 or more in the Fed. St. 209D: USA IS
15 standard is constructed using an air filter having a
collection efficiency of 99.9999% (6N) or more for dust
particles of a size of O.ium or more, and a bonded SOI
substrate is manufactured while exposing the bonding
interface to only clean air, dust particles/foreign
20 substances can be prevented from sticking to the bonding
interface, and a high-gquality bonded SOI substrate can be
manufactured.
In addition, when charge buildup in substances in the
clean room prevented, dust particles/foreign substances can
25 Dbe further prevented from sticking to the bonding interface,

and a higher-quality bonded SOI substrate can be
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When a transparent insulating substrate such as a silica substrate is
used as the support substrate, a transparent 10 insulating substrate

having a single-crystal silicon |ayer on the surface can be

manuf act ur ed. (Effect of First Enbodi nent) According to this
enbodi nent, when a clean roomw th cleanliness of Class 1 or nore in
the Fed. St. 209D USA IS 15 standard is constructed using an air filter
havi ng a collection efficiency of 99.9999% (6N) or nore for dust
particles of a size of O.1[err]mor nore, and a bonded SO substrate

i s manuf act ur g@ H\WHalc@ w@=esi ng t he bondi ng interface to only clean

air, dust particles/foreign 20 substances can be prevented from sti cking

to the bonding AJJURTIRf &0 Al dIHAHT @oal isupskeaded ngb radRsiiiale can
be manuf act ur ed. I n addi tion, when charge buildup in

subst ances i nmdthod of thdanembomipeaventhd, ddusitpasti BF esdids efghimed
substances can 25 be further prevented fromsticking to the bonding
interface, upcand renehisgher tipealsitrypcioree dnSél 49&bsoneestratelde HF

-41- manuf act ur ed. According to the bongded SO substrate
manuf act ur§ ng solutmsrhd@rofl s min dehodi-Pent 0.Bhoigersi/ci ofr HRsmi ds for med
upon imersing the structure in a 49% concentrated H-, 5 solution for 15
mnis, e.g., 0.5 PeRFmReS |2RVe esscording to thd sjestadi@®dbove,

ﬁ;ﬁg; glctn gr ;8 %{Tg%—%un%.ﬁcytger]go’nded S@Igg_u%%%lrlatt sbgggegesrgana la?LCS: {J%ggsagan be
high yield, and the manufacturing cost can be largely
reduced.
10 [Second Embodiment]

In the second embodiment, the bonded SOI substrate
manufacturing method of the first embodiment is further
improved.

More specifically, in this embodiment, a bonded SOI

15 substrate is manufactured without exposing the bonding
interface between substrates to be bonded to any atmospheres
other than clean air circulated through a highly efficient
alr filter using a chemically stable PTFE
(polytetrafluoroethylene) filter medium (to be referred to

20 as a PTFE air filter hereinafter). According to this
manufacturing method, foreign substances such as dust can
be prevented from sticking to the bonding interface in
substrate, and a change in properties of an SOI layer due
to a chemical such as hydrofluoric acid used in substrate

25 cleaning or etching can be decreased.

In the manufacturing system of this embodiment, a PTFE
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hi gh yield, and the manufacturing cost can be |argely reduced. 10

[ Second Enbodi nent ] In the second enbodi nent, the bonded SO
substrate manuf acturi ng nmethod of the first enbodinment is further

| mproved. More specifically, in this enbodi nent, a bonded SO 15
substrate i s manufactured w thout exposing the bonding I nterface

bet ween substrates to be bonded to any at nospheres ot her than clean
air circulated through a highly efficient air filter using a

chem cally stable PTFE (pol ytetrafl uoroethylene) filter medium (to be

referred to 20, 3912 RTHE dided st @h RERLIFAALES!) thefeb iR HA thiRIGS
manuf acturing method, foreign substances such as dust can be prevented

from sti cking gTe@letﬁanmndjm@wsttt @Rt &heNair fidtkst bat genatdtdophaFge in
properties of an SO |ayer due to a chem cal such as hydrofluoric acid

used in subst iciiemic2d icdpeariitigsorsuetchisndpocan .beIdecthbaseanufacturing I n
the manufacturing systemof this enbodi nent, a PTFE

-42 - saigtefm,| @t i lysadeaPTHE @iir ffiillter, bultepdlsp @ ichiemdidalig
generatlon of dust fromthe air filter or generation of chem cal

i npurities sucfﬁlet@rb@sdmsqnf—qdnbgtwaﬁufaét@npaﬁgtus fongermimgrobopAiydt he
PTFE air filter but_ al so a chem_cal filter is inserted between an

appar at us for ekiRge Gofdinghe Surlfﬁtcér LRYETEi 05 fipgs ebck £6€%Yers of

fir n
st and Secod%strates) and a bonding apparatus for bonding the two

substrates. With this arrangement, chemical impurities
that enter from the exterior or are generated in a small

10 amount from human bodies, wall material, or floor covering
material and float in air are removed to eliminate
contamination of the bonding interface by boron. Hence, the
amount of boron on the bonding interface can be decreased
to 1 X 10“ atoms/cnf or less.

15 In the manufacturing systemof this embodiment, the PTFE
air filter set on the upstream of a vertical downflow
with a controlled airflow velocity has a collection
efficiency of 99.99999% (7N) or more for dust particles of
a size of O;lum or more, so a clean room of Class 1, i.e.,

20 a clean room in which 39 or less dust particles each having
a size of 0.1-um or more are present per cubic foot is
constructed.

The manufacturing system of this embodiment alsoc takes
charge buildup in the clean room into consideration. In

25 cleaning of silicon wafers and, more particularly, in drying

after cleaning, rotary drying is performed while spraying
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substrates) and a bondi ng apparatus for bonding the two substrat es.
Wth this arrangenent, chem cal inpurities that enter fromthe
exterior or are generated in a snmall 10 anmount from human bodi es, wall
material, or floor covering material and float in air are renoved to
elimnate contam nation of the bonding interface by boron. Hence, the
anount of boron on the bonding interface can be decreased to 1 X
10[err] atons/cnferr]or less. 15 In the manufacturing systemof this
enbodi nent, the PTFE air filter set on the upstreamof a verti cal

downf | ow Bﬂgé%%@%gﬁmhh%do@bﬁy c‘!"t‘lﬁ | et d s ha tatﬁf’% 8 Gld OQtatlc

efficiency of nor e ust partlc es o si ze of

O 1[err]m or @%%tﬁgl%ycwage{f@%wéh&&@é&dh dr @ore 28 ?eﬁéﬁéﬂe&()&ﬁb' n
which 39 or |ess dust particles each having a sizeo [err]mor

nore are presest fpeetebhi Befwdén ithe largeOfabhdet9lof air and wafles to
manuf acturing system of this enbodi nent al so takes charge buildup in

t he cl ean roostitetetcdusitder ahi the ¢heaRbredranamgiofasidi £ootwaéersrand,
nore particularly, in drying after cleaning, rotary drying is

per f or ned ﬁhibse@praybwgver many wafer carriers or conveyor box8s-made

an enornmous anmount of air to the wafers. At this time, static

electricity oPfsBeblam. midgdanne usad hertare gememmeydwatiers. or rybberction

between the large . quantjty of air and wafers to attract dyst. In _the
cl ean room aﬁFi¥P§Yﬂcg¥?Y?%#E§”éﬁb1n§u&§§&ngH6W@9%¥tl?ﬁuﬁF%M§Fé#ICHF?ﬁers

or conveyor boxes MRYEy anci¥ratdld leatish, A& 4SO HOLS 13 cBRILSY

fixtures by friction and attracts light dust in the ambient.

10 In the manufacturing system of this embodiment, a
mechanism for minimizing charge buildup in any substances
in the clean room is used to prevent dust from adhering to
any substances. Especially, in the manufacturing system of
this embodiment, sticking of dust particles/foreign

15 substances to the bonding interface is minimized.

The manufacturing method of the present invention can
be implemented even in a conventional clean room with
cleanliness of Class 100 to 1000 by employing a local clean
room system such as SMIF (Standard Mechanical InterFace).

20 The local clean room system such as SMIF uses an
inter-apparatus conveyance local clean box system having an
outer clean room, a wafer loading mechanism for loading
wafers into an isolated apparatus, and a wafer recovering
mechanism. According to this system, substrates being

25 manufactured are not e%posed to the outer clean room

atmosphere of Class 100 to 1000 where an air filter using
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or vinyl gloves having insulating properties are still used wi t hout

any antistatic treatnent. Charge builds up in these fixtures by
friction and attracts light dust in the anbient. 10 In the

manuf acturi ng systemof this enbodi nent, a mechani sm for mnim zing
charge buildup in any substances in the clean roomis used to prevent
dust from adhering to any substances. Especially, in the manufacturing
syst em of this enbodi ment, sticking of dust particles/foreign 15
substances to the bonding interface is mnim zed. The

manuf act uri ng thod.of the prese Laventi gn can be i npl enented even
in a conventigge sc%é%ﬁr o%ﬁlﬁi?ﬁakerln IégﬁﬁPﬁeég o eérass 100 to 1000 by

el oying a | ocal GhRAlla bonal@ AP KLERLAVEN S BILE. LSt agdapd Mechagi cal

I nter Face). 20 ocal clean room system suc uses an

i nter-apparat ug ¢@Rwe YRR R lentlot@hel@X o3y $heMphakeld 2RventioRULEr
clean room a wafer |oading mechani smfor |oading wafers into an

i sol at ed appagabped andad YBf@INIROIMNRIIANEF soluiR6hafbEMS AGEN @hRgHEO
this system substrates being 25 manufactured are not exposed to the
outer clead reabd densdtyodph@r.& @fiedeageml i) tle<dD00 where an air filter

usi ng -44 - ) glass fibers as a
filtering medi um i ShesBH . void density Wieh. 2phengded cBOPrsigsst carresponds
manuf act ured by the net hod of this preferred enbodi nent of the present

invention is to a gilppedingss wivhcwhiehtIhtaw lessseugti partécles apah t he

HF 5 wvoid density is Q.5 pieces/cmor |ess. )
having a size of 0.1-um or more are present per cubic foot

(cleanliness of Class 1 or more in Fed. St. 209D: USA IS
10 standard), i.e., 0.00137 or less dust particles each having
a size of 0.l1-um or more are present per cubic centimeter.

Assume that dust particles are uniformly distributed,
and a wafer is left to stand in a vertical downflow with a
normal airflow velocity of 40 cm/s. 1In this case, 0.55pieces

15 of dust particles pass through the wafer per unit area in
10 sec. More specifically, in the clean room of Class 1 in
the USA IS standard, when a wafer is left to stand
perpendicular to the vertical downflow with an airflow
velocity of 40 cm/s for 10 sec, O.55/cmzdust particles may

20 Dbe sprayed to the wafer.

In the manufacturing system of this embodiment, wafers
parallel to the floor surface, i.e., perpendicular to the
vertical downflow are extracted from a wafer carrier and
bonded on a stage. The time required to extract the wafers

25 from the wafer_carrier and bond them is 10 sec or less.

Assuming that all dust particles sprayed to the substrates
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The HF void density of 0.5 pieces/cmor |ess corresponds to a
cleanliness with which 39 or |ess dust particles each havi ng a size of
0.1-[err]mor nore are present per cubic foot (cleanliness of Cass 1
or nore in Fed. St. 209D. USA IS 10 standard), i.e., 0.00137 or |ess dust
particles each having a size of 0.1-[err]mor nore are present per
cubi c centineter. Assune that dust particles are uniformy

di stri buted, and a wafer is left to stand in a vertical downflow with
a normal airflowelocityof 40cmis. |In this case, 0.55pieces 15 of

dust particl egpa; té?{l%gﬁr&éﬁ%w 3y R;%rlaém e hdr &% 'VBld denéqt gd}@re

specifically, 1nt ean room of C ass t he

when a wafer igprd@iy t@eSt@fdrs in Eﬁép&[@éﬁ%@dm t¥ le%s\éerlt |l@1alth@0mf-\| ow
with an airfl ow velocity of 40 cmis for 10 sec, 0.55/cnferr] dust
particles may 1926t ayiathiD thesamfied probably 0.5l pidhesyamilf act uri ng
system of this enbodi nent, wafers parallel to the floor surface, i.e
per pendi cul ar to thgpecifiwexiampdlesdofrtimreabedéxenactEll beodeacwabed
carrier and bonded on a stage. The tine required to extract the wafers
25 fromthe wsHlemw.carrier and bond themis 10 sec or |ess. Assum ng
that all dust particles sprayed to the substrates

- 45- dur(iExgmerdies 1 ne f orm HF voids, the HF void density upon
bonding the wafers in the clean room of Class 1 in the USA | S standard
within 10 sec is priotbl bSBap?ee%"e’s?‘&]][ e‘f‘rﬁw showing thegRehematiGianyl es

of this enbodi marnz;[ngygrfllelntbeo ea.sccrillebaerfI room ofm%xample 1 of the second

embodiment. The clean room of Example 1 has various
10 apparatuses for manufacturing a bonded SOI substrate.
In Example 1, air is circulated through a chemically
stable PTFE air filter 1100 to realize a clean room of Class
1.
A PTFE filter medium has been described in detail in
15 T"Electronic Material, August 1996". There is an air filter
having a filter medium of glass fiber (to be referred to as
a glass air filter). However, since the strength becomes
low when only fragile and thin glass fibers are used, glass
fibers mixed with thick glass fibers are used as a filter
20 medium of a glass air filter. Since the glass air filter
has a nonuniform filter medium, the collection performance
is poor.
The PTFE filter medium consists of fibers of even
diameter, and has small holes between the fibers because it
25 is formed by stretching a PTFE resin film. The particle

collection efficiency of the PTFE air filter is higher than

1
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(Exanple 1) Fig. 6 is a sectional view show ng the schematic
arrangenent of a clean roomof Exanple 1 of the second enbodi nent. The
cl ean room of Exanple 1 has various 10 apparatuses for nmanufacturing a
bonded SO substrate. In Exanple 1, air is circulated through a
chem cally stable PTFE air filter 1100 to realize a clean room of

Cl ass 1. A PTFE filter medium has been described in detail

in 15 "Electronic Material, August 1996". There is an air filter

having a filter mediumof glass fiber (to be referred to as a gl ass

ol fiter). PEBKGEncsbAGE dheSLi et iPfalRag ne SLAW MhERORL Y JzR0l | €

and thin glass ers are use ass bers m xed \ k glass
fibers are used a4 fdf tigfe PAm B UM 1A 1) 3FA feHridd Jrderd e the

glass air filter has a nonuniformfilter 'medium the collection
performance magriScudRes . The PTFE filter medi um consists of
fibers of even di ameter, and has snmall hol es between the fibers

because it 25 s Aglaed bylsér akediumgeen tifts aekaryd ghantitheo Hotron e
collection efficiency of the PTFE air filter is higher than
- 46 - 5 on aamsil ionale glassota in fhilghe mdigliingg prvpesdneeprigssur e
| oss as that of the PTFE air filter by about three orders of
magni tudes.  fabricatimglths Filtenr madiaufidkensi nhas| asgbegause teof
bor on softening temperature of 100% silica glass is too high, and
mass production of thin glass fibers is difficult.
Consequently, when the filter medium is submerged in pure
10 water, impurities are eluted in a large amount. When air
is filtered with the glass filter medium, gaseous chemical
impurities such as boron are produced. Especially when they
come into contact with hydrofluoric acid which is normally
used for substrate cleaning or etching in the clean room,
15 such chemical impurities increase.

The chemically stable air filter using the PTFE filter
medium used in Example 1 does not change in properties by
such an acid, and dust from the air filter or chemical
impurities such as boron are completely eliminated.

20 In Example 1, as shown in Fig. 6, a clean room is built
using the PTFE air filter 1100 in the downflow bay system.
The PTFE air filter has a collection efficiency of
99.99999% (7N) or more for dust particles of a size of 0.1um
or more.

25 More specifically, this clean room has an underfloor

space of 2.5 m, a floor space of 3.0 m, and a ceiling space
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5 or a nmetal oxide to obtain high nolding properties in fabricating
the filter nedia fibers. This is because the softeni ng tenperature of
100% silica glass is too high, and mass production of thin glass
fibers is difficult. Consequently, when the filter nmediumis subnerged
in pure 10 water, inpurities are eluted in a large anmount. \Wen air

is filtered with the glass filter nmedium gaseous chem cal I mpurities
such as boron are produced. Especially when they come into contact

wi th hydrofluoric acid which is normally used for substrate cl eaning

or etching inghe 6lLan HooM s ciRarSHEBMCREIE GalckFRUbLIdSEcd REIEAS8or
The chemcally stable air filter using the PTFE filter medi um used in

Exanpl e 1 doegpaele £PaRGE dift IRNRREBY IASINYwith a Hesh At wRtivhe agdadufilyy from
the air filter or chem cal i mpurities such as boron are conpletely

elimnated. ZQoor) thitoufkamilch dirasanshews.i NTkithe bayard®£athicOBPTFES
built using the PTFE air filter 1100 in the downf |ow bay system
The PTFE air fiilrt ériltes 41600 lisctsiedn ief fthei eedyiofb. Cle9. 9DOI984FMNpgor
more for dust' particles of a size of O.1[err]m or nore. 25
More speci§i cabinpughhithec PEEE edamthidseznlifbeis) sept fromspheeceil2ng m a
fl oor space of 3.0 m__and a ceiling space
-47- & zhe floor anet $hereir EHEMnERELLABEr FRBERIRphRE BAECF! oor
space are partitioned hy floor with a,nmesh stru uregé rating floor)
Chrough whi chef A GBFoiEed. Svmilewn g oy 82, atholpyreeToditilot  pi 3ekS1100
Is set in the oc.e4|§ g Cl ean air passing
The air sent to the underfloor returns to the ceiling
10 through the return space next to the bay area and circulates
again through the PTFE air filter 1100. The return space
and bay area are completely partitioned by a wall or through
the wall structure on the floor. An air filter in each
manufacturing apparatus is also constituted by a PTFE air
15 filter. Hence, substrates being manufactured are exposed
to only clean air passing through the PTFE air filter.

In the clean room with the above arrangement, 39 or less
dust particles each having a size of 0.l-Um or more are
present per cubic foot (0.00137 or less dust particles each

20 having a size of 0.l1-um or more are present per cubic
centimeter), so cleanliness of Class 1 or more in Fed. St.
209D: USA IS standard is realized. At each of 29 measurement
points in the bay area, 1 cubic foot or more of air was sampled,
and the particle density in the air was measured three times

25 using a dust counter capable of measuring 0.l-pum or more

particles. The particle density was 0 particle/cubic foot
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5 through the PTFE air filter 1100 is sent fromthe ceiling to the
floor and then to the underfl oor through the fl oor as a vertical
downflow with an airflow velocity of 0.3 to 0.45 nis. The
air sent to the underfloor returns to the ceiling 10 through the return
space next to the bay area and circul ates again through the PTFE air
filter 1100. The return space and bay area are conpletely partitioned
by a wal'l or through the wall structure on the floor. An air filter in
each manuf acturi ng apparatus is also constituted by a PTFE air 15
filter. Hencey g?;t% ﬁi bei ng manufactured are exposed to only
clean air paSS|ng e PTFE air filter. In the clean room

wi th the above arr a&%.%]:‘aenﬁ’ sBwOHF §934 densgyfés J{Heeif w?%%oar%&&gdl ess

size of O0.1-[err]mor nore are present per cu

dust particl es s@actub<Orah@Viateh At Pin ks E?ééﬂn PYUm BB E1 L E 1p£§8$@t

per cubic centineter), so cleanliness of Class 1 or nore Iin F

209D: USA IS stiandagd 6sardal baeded Morathstiatl MBRSESEIRAEG in a BPLRLS I N
the bay area, 1 cubic foot or nore of air was sanpl ed, and the
particl e dehsi tpomnotfh€laiss 189 nmedagr adglhseecatirnEsltd®r (Usinpgratdyst
counter capable of neasuring O.1-[err]mor nore particles. The
particle densi Exxawade0l parate legbeldi esingtconcentrated hydrofluoric acid

-48 - at all points. Tabl e 4 shows HF void densities

obt ai ned when é486hd5‘élr 15 migg Eeiysbradednsdlsadsired ssnhafiear IS@Inf i bom of

Class 1 shown ) .
thickness of 200 nm and a buried oxide film thickness of 200

nm.
10 Table 4
Air filter Clean room |HF void density
Example PTFE filter |Class 1 or [0.11 pieces/cm2 on
medium more average
Comparative |Glass filter|Class 100 0.89 pieces/cm2 on
Example 1 medium average

As shown in Table 4, when the clean room of Class 1 using
a PTFE air filter was constructed in the downflow bay system,
the particles/foreign substances on the bonding interface
could be decreased, and the HF void density could be largely

15 1lowered.

In Example 1, a PTFE filter media air filter (Neurofine)
available from DAIKIN Industries was used. However, an air
filter having an equivalent performance and available from
Nihon Muki or the like can also be employed.

20 Example 1 is associated with a clean room in a bay system

in which bays and return spaces alternate. However, the same

Sheet Has Been Replaced

R 111



in Fig. 6 and a bonded SO substrate manufactured in a clean 5 room of

Class 100 using a glass air filter (Conparative Exanple 1) were etched
usi ng concentrated hydrofluoric acid (49% for 15 min. Both bonded SO
substrates had an SO film t hi ckness of 200 nm and a buried oxide film
t hi ckness of 200 nm 10 Tabl e 4

Ar filter Cl ean room HF void density Exanpl e PTFE filter
Class 1 or 0.11 pieces/cnierr] on medi um nor e

aver age Conparative Gass filter Oass 100 0. 89 pieces/cmon

Example 1 i : réggﬁ ﬁg hpwTabl e
4, when the gI% gaflr%@;to%%doefscélgse sd ?bﬁ\sfle ncgar?‘ﬁ@ QIrFeEd ]é’P’ye‘E?]rA?’ér %PT?E
constructed in;ithe;qdeunf Loy oy SHIHRM even whbe, PRI td eheskf 68N th

substances on the bonding interface coul d be decreased, and the HF
voi d density gosbebbe Jtargaiure,ldn didWeiBber is set on the ditdmd eelliagPTFE
filter media air filter (Neurofine) avail able from DAI KIN I ndustries
was used. Howewerfacanodi the innér| teomhasmdglen cefary aloent igeukedrasca and
avai l abl e from Ni hon Muki or the |like can al so be enployed. 20
Exanpl e 1 §s assoginatsgeasi-th a clean roomin a bay system i n which
bays and return spaces alternate. However, the sane

49 - e les descri bed above can be expected by enpl oying a PTFE
air filter as an air, filter even when, .in .a clean _roomwth .a doubl e

structure, an air fider? % SR etie shawingg the schematic

arrangement of a clean room of Example 2 of the second
embodiment. The clean room of Example 2 has not only

10 apparatuses shown in Fig. 7 but also various apparatuses for
manufacturing a bonded SOI substrate.

As described above, a PTFE filter media is chemically
stable and does not change in properties even when it comes
into contact with hydrofluoric acid or the like, so a chemical

15 impurity such as boron neither is eluted nor floats in air.
However, a very small amount of an external chemical impurity
such as boron may enter. In Example 2, as shown in Fig. 7,
a chemical filter 1201 is arranged in front of an air
conditioner 1200 for introducing the outer atmosphere.

20 Reference numeral 1202 denotes an air filter.

Chemical impurities may not be completely removed with
the air conditioner 1200 for introducing outer atmosphere,
and there are also a small amount of chemical impurities
generated from human bodies, wall material, or floor covering

25 material. In Example 2, not only PTFE air filters 1210 but

also chemical filters 1211 are locally set on the ceiling
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surface of the inner room and the outer roomis used as a 5 return

space. (Exanpl e 2) Fig. 7 is a sectional view show ng the
schemati c arrangenent of a clean room of Exanple 2 of the second
enbodi nent. The cl ean room of Exanple 2 has not only 10 apparatuses shown
in Fig. 7 but also various apparatuses for manuf acturi ng a bonded SO
substrate. As descri bed above, a PTFE filter nedia is chemcally
stabl e and does not change in properties even when it cones into

contact with hydrofluoric acid or the like, so a chemcal 15 inpurity
such as boron ;Beikhakaist %wta%arl%lom %haihg 3hkerface HRWRYE I on? t¥erY

smal | anobunt of an external chem cal 1 npurit such as boron may enter

I'n Exanple 2, rasaaheinii 8. Fifron! an apparatalieFoeatldahing tld0dubstantagged
in front of an air condi tioner 1200 for introducing the outer

at nosphere. 2Gi3ef ah@ngecbriesabs 1280 dpngd ese Mondidd kol kArapparatus
Chem cal inpurities may not be conpletely renoved with the air
condi ti oner 1Z@@ bondingruditisubgteates . atbsphéeechemicahifd litkarselan e, al so
a small amount of chem cal inpurities generated from human bodi es,

wal | mat er§al chemifdedorimpurétiieg s26h astleoren whilgh Beangnéez, fmom bhey

PTFE air filters 1210 but also chemcal filters 1211 are locally set
on the ceilingutside or generated in a small amount frgm human bodigsat

| east an area fr n1bondLn% interface formation to . bonding, i.e., from
an appar at us MGLIlcPeaRrAglr wer SRy go¥sring material can be suppressed

from sticking to the bonding interface. In Example 2, as
the chemical filters 1201 and 1211, chemical adsorption type
10 chemical filters using ion exchange were used.

In Table 5, the component concentrations of chemical
impurities in a clean room using a glass air filter and
without any chemical filter (Comparative Example) and the
component concentrations of chemical impurities at the

15 outlet of the air conditioner 1200 and the inlet and outlet
of the chemical filter 1211 in the clean room of Example 2
are compared.
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(first and second substrates) to be bonded to an appar at us for bondi ng
the substrates. Wth the chemcal filters 1211, 5 <chemcal inpurities

such as boron which may enter fromthe outside or generated in a snall
amount from human bodi es, wal | material, or floor covering materi al
can be suppressed fromsticking to the bonding interface. I n Exanple
2, as the chemcal filters 1201 and 1211, chem cal adsorption type 10
chem cal filters using ion exchange were used. In Table 5, the
conponent concentrations of chem cal impurities in a clean room using
a glass air filter and wi t hout apypghegical filter (Conparative
Exanpl e) andthe -copenrent—conrceRtatens—et—chemeal—+Hporities—at
the 15 outl|let of the aijr gandiligner| 120 ahd~the| i shet |and; outl et
of the chem gal—ter 1211%E%—+.!@£+ “ngeens1&EVﬂn§Ee’ i *lLPC P
conpar ed. Comparative| 0.7 | 4.6 | 0.07 | 35 F10.9 | 0.3 | 0.03
Table 5 P Nal err] NH[ err] Kl err] Clerr]
SO err] Bxample P Conpay ati ve 0.7 4.6 0. 07 3.4 10.9
0.3 0.03 Exanpte Exampte: 0007 i <O G030 007
0.08 0.003| Exampille: condoyi prers | <o oadd pto.3 | Exaplien.os §0g0043 B. 6
<0.003 0.38f 0.56 0.01 0. 00 cheni cal fFilter

air

conditioner

outlet

Example: <0.001| 3.6 |<0.003|0.38] 0.56 0.01 0.003

chemical

filter

inlet

Exanmple: <0.001f 1.1 {<0.003]|0.08|<0.05]0.001] 0.002

chemical

filter

outlet

According to the clean room of Example 2, by using the

PTFE air filter 1210, the amount of chemical impurities can

be decreased by one order of magnitude or more as compared

5 to that in the conventional clean room. Immediately under
the chemical filter 1211, the amount of chemical impurities

can be further decreased by about one order of magnitude.
The concentration of NH: or the like increases at the

inlet of the chemical filter 1211 because it is generated

10 from the wall material or human bodies in the clean room,

although it is removed by the chemical filter 1201 before
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i nl et Exanpl e: <0.001 1.1 <0.003 0.08 <0.05 0.001 0.002

chem cal filter out |l et According to the clean room of
Exanpl e 2, by using the PTFE air filter 1210, the amount of chem cal

i mpurities can be decreased by one order of nagnitude or nore as
conpared 5 to that in the conventional clean room |Imedi ately under
the chemcal filter 1211, the anmount of chem cal inpurities can be
further decreased by about one order of magnitude. The
concentration of NH or the |like increases at the inlet of the chem cal

filter 1211 because it i ner 1Q fr t 1. rial [ human
bt o6 1o tho CERUEEr Fopiad c98RREA A | HolbURE! N VL Il L 36 SnBYIE
filter 1201 b . : -52-
the air condi tB o%glre f?&glc lvvef\}%ﬁerN 2%%% he like is renmoved by the
chemcal filter 12%lL gpxample 2, ihNcEE¥MIRsE of HINE Y 0G6SSut PLAGENY two

substrat es,
an automatic bonding apparatus is used to prevent chemical

5 impurities which may come together with human bodies from
sticking to substrates.

Table 6 shows the boron concentrations in SOI active
layers of a bonded SOI substrate manufactured in the clean
room of Example 2 and a bonded SOI substrate manufactured

10 in a clean room of Class 100 using a glass air filter of
Comparative Example shown in Table 5 (Comparative Example

2), which were obtained by SIMS analysis.

Table 6
Air filter |Chemical Boron concentration
filter in SOI active layer
Example PTFE filter | Present 1015 to 1016 atoms/cm?
medium
Comparative |Glass filter|Absent 10" to 10" atoms/cm3
Example 2 medium

In the clean room using the glass air filter, a large

15 amount of boron is eluted from the glass filter medium by

hyvdrofluoric acid. For this reason, boron adheres to the

bonding interface at 10lg atoms/cmi as shown in Table 6. On

the other hand, in Example 2, at least in the process of
forming a bonding interface, i.e., in the process from

20 cleaning two substrates to be bonded to bonding, chemical
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an automati c bonding apparatus is used to prevent chemcal 5 inpurities

whi ch may cone together with human bodies from sticking to substrates.
Tabl e 6 shows the boron concentrations in SO active | ayers of a
bonded SO substrate manufactured in the clean room of Exanple 2 and a
bonded SO substrate manufactured 10 in a clean roomof Cass 100 using a
glass air filter of Conpar ative Exanple shown in Table 5 (Conparative
Exanpl e 2), which were obtained by SIMs anal ysi s.

Table 6 Air filter Chem cal Boron concentration

e o 1hreRPk BB LYE LR in 2aaiDIRIPLE tne pRRFES ki oLPLESSR ch

10[err]to 10[ &r arative d ass

filter Absent this %‘tgérﬁfelﬁbiueﬁe,1%&5{&aftﬁﬁ%ﬁgﬂé lsuch asE¥8¥Bhecin be

medi um clean roomusing t ass alr filter, a large 15

amount of bor gRekeneledt ol aMitReng! 89S thel bBhatBEl YALBY face alydrof luoric
acid. For this reason, boron adheres to the bondi ng interface at

10[ err] atonshgRfesihg datshewe isoiTablteve. 1&er. the other hand, in
Exanple 2, at least in the process of form ng a bonding interface,
i.e., in the procesxddarorr 2Hecl Haaidigf fveed s ahesbbnd beg bbmnidedt 4 Qe
bondi ng, chem cal -53- filters

are used in addito ne SOTt et PHFEayer Inpedes theymanufactuds of & demgerment ,
chenical inpurities such as boron can be dprevent ed fromsticking to
t he bondi ng i Ater¢areenkration of boron diffused into the SOI active layer
can be lowered by annealing the SOI substrate to externally
diffuse boron. However, to externally diffuse boron at 10‘a
10 to 1019 atoms/cma, annealing must be performed for a long time.
It is not easy especially for a thick bonded SOI substrate.

In Comparative Example 2, chemical impurities other
than boron may also enter the S0OI active layer from the
bonding interface. In Example 2, however, such a risk can

15 ©be avoided because of use of chemical filters, so a
high-quality SOI active layer can be formed.

In Example 2, in the Class 1 bay area, i.e., area where
a substrate being manufactured process is exposed, an ionizer
1212 is set on the ceiling to prevent charge buildup in

20 various substances, as shown in Fig. 7.

In Example 2, in the ba? area of Class 1, i.e., in an
area where substrates being manufactured are exposed, an
ionizer 1212 for preventing charge buildup in various
substances in the clean room is arranged on the ceiling, as

25 shown in Fig. 7. With the neutralization effect by the

ionizer 1212, particles can be prevented from sticking to
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diffusing into the SO active layer. 5 Boron or the like diffused

fromthe bonding interface into the SO active |ayer inpedes the
manuf acture of a device. The concentration of boron diffused into the
SO active |ayer can be | owered by annealing the SO substrate to
externally di ffuse boron. However, to externally diffuse boron at 10
10 to 10[err] atons/cnferr], annealing nust be perforned for a long tine.
It is not easy especially for a thick bonded SO substrate. In
Conpar ative Exanple 2, chem cal inpurities other t han boron may al so

enter the SCIWQ%%Ege h@*@& &gggggavé 888 bpadiagci nterface. I'n Exanple 2,

however, such ri sk can because of use of chenica

filters, so a i gesﬁaéklaf/cﬁgrg@%ﬁyfdd@ﬁr ££8 & P6BRY- caution
I'n Exanple 2, inthe Cass 1 bay aréa, i.e., area where a substrate

bei ng manuf achuus@dpRr @&Rse iledelposedandfgi 8A18bn wafe*d1ldnl$ mBkeON the
ceiling to prevent charge buildup in 20 various substances, as shown in
Fig. 7. partikcnlexagn! én2drying hef hay dreadiely .Cl daasdiyihge. rotdran
area where substrates bei ng manufactured are exposed, an ionizer 1212
for prevendi ndgrfiaggis mertuped whadieogisraying subshannessiamduiet olifeanrr oom
is arranged on the ceiling, as 25 shown in Fig. 7. Wth the

neutral i zat i ofcethecwapgrs he At thisohimer SEES@C|ﬁ%ﬂﬂﬂﬁh§§taaﬁfb%eﬁﬁéﬁbnted
fromsticking to

wafer carri er§h°a1ﬁ@“§h¥ P RoTre 1is generafrd @upda féflc&lﬁngPGSWIele&uEhﬁn the

cl ean roo cauti
m % ge quantity of air and wafers to attract dust. In the

clean room, antistatic fixtures are used. However, many
10 wafer carriers or conveyor boxes made of Teflon, which are
used to store or convey wafers, or rubber or vinyl gloves
having insulating properties are still used without any
antistatic treatment. Charged builds up in these fixtures
are by friction and attracts light dust in the vicinity
15 The ionizer generates charges necessary for
neutralization, i.e., charges having a polarity opposite to
that of charged substances and supplies the charges to the
charged substances for neutralization. The charges with
opposite polarity are generated by ionizing gas molecules
20 with an electric energy such as an electric field to generate
ion pairs.
In Table 7, HF void densities obtained when a bonded
SOI substrate manufactured in the clean room shown in Fig. 7
and a bonded SOI substrate manufactured in a conventional
25 clean room of Class 100 using a glass air filter (Comparative

Example 1) were etched using concentrated hydrofluoric acid

I
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must be exercised in cleaning silicon wafers and, nore

drying after

cleaning. In

drying,

sprayi ng an enornous anmount of air
el ectricity of several

bet ween t he

t housand V or

or conveyor boxes nmade of Teflon, whic
waf ers, or rubber or vinyl gloves
still used w th

t hese fi xtures

15
i.e.

to the

h are

waf ers.

many

used to store or

particularly, in

rotary 5 drying is perfornmed while
At this tine,

nore i s generated due to friction
| arge quantity of air and wafers to attract dust.
clean room antistatic fixtures are used. However,

static

In the
10 wafer carriers
convey

having insul ating properties are

Q4f) 3% 15 miANhist &bhSatdégat Byt

are by friction and attracts

The R 28 sBENEL Bhosh LM ELS J1e009SANYah@ a buridiidld £atkon,
charges having a polarity opposite to
and supplies thgddgeof @dthem.
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neutralization.
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had an SO fi

opposite polarity are generated by ionizing gas
20 with an electric energyrehlesh 7as an electric field to.
I on pairs. I'n Jabl'e 7, JH- voird densitires obtarn
SO subjsdinatfiheewf §€fleand i|Toaticer ddF romind steoveni tiy]
Ind a bonded SO substratelnmanufactiured in g conventional 2
Cl ass 100 usjng a gl ass akPofi |t gr (Conparjati ve Exanp
d using concentrated hydr¢fluoric|acid ' 2
Eomrkeor 15 WHFarelteepardasspat Pussieadd [$005% ubkeges &g

| mthi ckness jof 200 nm ang a buried oxide ffi| m
medium on average

Comparative |Glass filter|Class Absent 0.89 pieces/cm2

Example 1 medium 100 on average

As shown in Table 7, when the clean room of Class 1 using
PTFE air filters was constructed in the downflow bay system,
and the ionizer was set on the ceiling to prevent charge
buildup in various substances such as wafers and wafer
carriers in the clean room, the particles/foreign substances
10 on the bonding interface could be decreased, and the HF void
density could be largely lowered.

In Example 2, as the chemical filters 1211, chemical
adsorption type chemical filters (EPIX available from Ebara)
using ion exchange were used and locally arranged in the area

15 from cleaning of two substrates to be bonded to bonding.
Chemical filters may be arranged throughout the clean room.
In addition, depending on the chemical components, the same
effect can be obtained by using other chemical filters such
as physical adsorption or neutralization type chemical

20

filters, and these filters may be combined.
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t hi ckness of 200 nm Table 7

Air filter dean loni zer HF void density

room Exanpl e PTFE filter Class 1 Present 0.05 pieces/cm

medi um on aver age Conparative G ass filter

Cl ass Absent 0.89 pieces/cm Exanmple 1 medi um 100

on average 5 As shown in Table 7, when the clean roomof Class 1

usi ng PTFE air filters was constructed in the downf |ow bay system
and the ionizer was set on the ceiling to prevent charge buildup in

[ bst f f . ' I n t I
Eiéhf“th“pgr ?i“ﬁﬁzfnf]%f%#e’g&ﬁéiﬁ@@@%%ﬁv}aﬁ&c E}:ﬁhi %3:-’%' %f@ﬂ%aﬁgeiﬂul d
e decreased, _gn e . | n co r.ge ower ed.
I'n Exanple 2, §C5ﬁ3n5ﬁ5h¥§§legpﬁ?¥g§ iélgﬁe(ﬁéééég%_fiﬁ% aégsgsptPgﬁerpe
chemical fil t‘“crn% L EPI#% Aval hahbe fAQ@nE%gﬁ@er to bdddY ihoé!n%%&&héggﬁe‘.é’er €
used and localTy arranged in the area rom cl eani ng of two substrates

to be bonded (2 RNt ionizEherd gRl 16641 BF SMBYaReAIRANGEH bRbaughout

the cl ean room I'n addi tion, depending on the chem cal conponents, the
same sf f esfaidablke fmiARAHY WompRrgt Bed eheTngak kikieks such

as physical adsorption or neutralization type chemcal 20 filters, and
t hese filtersnatdad icadiioredffect may be combined. -56 -
In Exanple 2, DC MODEL442 avail able from Hugl e
Example 2 is associated with a clean room in a bay system
in which bays and return spaces alternate. However, the same
effect as described above can be expected even when, in a
10 clean room with a double structure, an air filter is set on
the entire ceiling surface of the inner room, the outer room
is used as a return space, by partitioning at least an area
for forming a bonding interface, i.e., an area from cleaning
of two substrates to be bonded to bonding by a wall or the
15 1like and using a PTFE air filters and chemical filters.
(Example 3)
In Example 3, in a clean room of Class 100 using a glass
air filter, an SMIF system having a PTFE air filter in a
manufacturing apparatus is employed, and an SMIF system
20 having a PTFE air filter and a chemical filter is employed
for conveyance of wafers in an apparatus and between
apparatuses for forming a bonding interface and bonding
wafers.
The SMIF system has not only a semiconductor

25 manufacturing apparatus with an SMIF pod and an SMIF

enclosure but also robots such as an SMIF arm and an SMIF
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El ectroni cs was enpl oyed as the ionizer 1212 and set under the air
filter 1210. As an ionizer to be set in an air shower or a conpact
ionizer to be locally set, an equivalent product 5 available from another
conpany and having a simlar neutralization effect nmay be conbined.
Exanple 2 is associated with a clean roomin a bay system i n which
bays and return spaces alternate. However, the sane ef fect as

descri bed above can be expected even when, in a 10 clean roomwth a
doubl e structure, an air filter is set on the entire ceiling surface
of the inner ;oogé the outer room Is used as a return space, by
partitioning hst an area for formng a bonding interface, i

i.e.,
an areafromclean . e y a
wal |l or the 15 {[‘ g %"%F Lf%ld tl\goa #%%é al rﬁ‘?a%r?%?g’lggggcﬁoeénaca Q? 1{g%e(ir)s
(Exanple 3) o conveylcﬂ: @&%%I @aéerl Bafr fleathd emeafing ass1d8R Uiy a
gl ass air filter; an SMF system having a PTFE air filter in a

manuf act ur i NggABPaEatHE i $k 8P 20 Wtk e e Neh B 3M i 3t EMTIRZQGochadd Ng a PTFE
air filter and a chemcal filter is enployed for conveyance of wafers

in an appdf at iisandeligbweeacted t@phosmitthieesehdtoh@ustag rarhofh hgring
I nterface and bondi ng waf ers. The SM F system has not only a
sem conduct or apgératraauimdthe CHHFagpaledws: wift A ordEMdl eggadranu e Bid F
encl osure but al so robots such as an SMF armand an SM F
-57- pOBEBE. air filter by a wafer carrier loading mechanism and
dedicated robots such as an SMIF arm and SMIF loader having
a recovery mechanism. The outer clean room and wafers, or
10 human bodies and wafers are completely isolated from each
other.

An apparatus for performing a process after bonding
interface formation and until bonding, and an SMIF enclosure
between apparatus also preferably has a PTFE air filter and

15 a chemical filter.

Even when the local clean room system such as the SMIF
system is employed, the same effect as in Examples 1 and 2
can be obtained by setting the same environment as in Examples
1 and 2, to which wafers are exposed.

20 (Example 4)

Example 4 is associated with ELTRAN as a method of
manufacturing a bonded SOI substrate. In ELTRAN, the front
surface side of a first substrate having a porous layer on
the surface and a non-porous layer containing a

25 single-crystal layer on the porous layer is bonded to an

independently prepared second substrate. After this, the
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The SMF pod is a case/container with a good seal used to convey or
store wafer carrier and contains a clean inert gas or the like. A
wafer carrier inthe SMF pod is 5 inserted/extracted to/fromthe

sem conduct or manufacturing apparatus in the SMF enclosure of a |ocal
cl ean room havi ng a PTFE air filter by a wafer carrier |oading

mechani sm and dedi cated robots such as an SMF arm and SM F | oader
havi ng a recovery mechanism The outer clean roomand wafers, or 10
human bodi es and wafers are corrpl etely isolated from each ot her.

An apparat us f erfo cess after bondin i nterface
f(r)]rng?i on and gﬁl‘g ﬁFﬁ%tea %rﬁ%mqﬂ‘%’rﬁq'oéﬁfﬂe%he PopevGebRYappEe BE us

al so preferabl a chemgal .filter.

fil
Even when the PBcaRe ??15% 580t &y ErelinshBsrhatanprde 1o s5fierivaly
SanL Y ed: e paByehl SChelanklc FAAIPLER Ao e Ssingle (G D6 DI A LELRY

setting the sane envi f onen

are exposed. gf (EE%@EDEGbé): te to theEXaEBLE 4 b§t§§§80' ated with ELTRAN
as a net hod of © manuf act urrlan(ga aobonged %%I strate In ELTRAN, the

front surface giide ofiadfprsh vﬁ@@&h@%fn@aéﬂégcﬁeHQEQH%f rﬁ
the surface and a non-porous |ayer containing a 25 single-crysta ayer on

t he porous | ayef & schsarilecdno fatr manufadadeﬁmgleanﬂdoyldlﬁeB@Eegu§§€98€e by
substrate. After this, the
ELTRAN.

The clean room shown in Fig. 8 is a clean room of the
bay system. Referring to Fig. 8, the area of "Class 1 bay"
10 is an area where a PTFE air filter is set on the entire ceiling
surface, and a vertical downflow of clean air having a
controlled airflow velocity of about 0.3 to 0.45 m/s is
formed.
More specifically, this clean room has an underfloor
15 spéce of 2.5 m, a floor space of 3.0 m, and a ceiling space
of 2.0m. In this clean room, the underfloor space and floor
space are partitioned by floor with a mesh structure (grating
floor) through which air passes. In the bay area, a PTFE
air filter is set in the ceiling. Clean air passing through
20 the PTFE air filter is sent from the ceiling to the floor
and then to the underfloor through the floor as a vertical
downflow with an airflow velocity of 0.3 to 0.45 m/s. The
air sent to the underfloor returns to the ceiling through
the return space (utility area) next to the bay area and
25 circulates again through the PTFE air filter. The return

space and bay area are completely partitioned by a wall or
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first substrate side is renoved, and the porous |ayer |eft on the

surface on the second substrate side is selectively renoved, thereby
transferring the single-crystal |ayer on the first substrate to the
second substrate. 5 Fig. 8 is a plan view showi ng the schematic

ar r angenent of a clean room for manufacturing a bonded SO substrate
by ELTRAN. The cl ean room shown in Fig. 8 is a clean room of
t he bay system Referring to Fig. 8, the area of "Class 1 bay" 10 is
an area where a PTFE air filter is set on the entire ceiling surface,

oo 2, Ve 1l SO L o AR B s, procio ol S al Tl ow
specifically, this &'ﬁaﬁdém Q%‘Eha@f L{Mﬁiﬁéco&fr:frﬂgg agi:%%%‘”tlu% 1§OT 8

fl oor space of 3.0 a“cerl'rng space 'S Cl ean

room the underfdears space Atk diiQfleq by SRASE Ae RANeL. onﬁgnég f I oor

with a nmesh structure (grating floor) through which air passes In the

bay area, a PUdbstrated rdlfr*ﬂnfge'Ehbsmﬁﬁﬁféétﬁbﬁn%%ﬂ‘dé&s @rRaRx@osRass g
through 20 the PTFE air filter is sent fromthe ceiling to the floor

and then t§ thunderddroid Wougihg hehdduedy s @Tver EHigalfilter downf | ow
with an airflow velocity of 0.3 to 0.45 m's. The air sent to the

under fl oor returns 1w theeceanh rognt dif Bxghple 4, BReor dkssrdspapartitillkist y
area) next to the bay area and 25 circulates again through the PTFE air
filter. The reatch having gpsdecand Baj-Hneer Mrere @ns OresenFapent cobdd by a
wall o foot (0.00137 or less dust partiéles e-ach having a size of
0.1-um or more are present per cubic centimeter), so
10 cleanliness of Class 1 or more in Fed. St. 209D: USA IS
standard is realized. At each of 29 measurement points in
the bay area, 1 cubic foot or more of air was sampled, and
the particle density in the air was measured three times using
a dust counter capable of measuring 0.1-um or more particles.
15 The particle density was 0 particle/cubic foot at all points.
In the manufacturing apparatuses 1301 to 1308 as well,
cleanliness of Class 1 or more in Fed. St. 209D: USA IS
standard is realized.
As described above, the PTFE air filter is chemically
20 stable and does not change in properties even when it comes
into contact with hydrofluoric acid or the like, so a chemical
impurity such as boron neither is eluted nor floats in air.
However, a very small amount of an external chemical impurity
such as boron may enter. In Example 4, a chemical filter

25 was used as a pre-filter in front of an air conditioner for

introducing the outer atmosphere, as in Example 2.
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t hrough the wall structure on the floor. A filter in each of
manuf acturi ng apparatuses 1301 to 1308 is al so constituted by a PTFE
air filter. Hence, substrates during the manufacturing process are
exposed to 5 only clean air passing through the PTFE air filter. _

In the clean room of Exanple 4, 39 or less dust particles each havi ng
a size of 0.1-[err]mor nore are present per cubic foot (0.00137 or

| ess dust particles each having a size of 0.1-[err]mor nore are
present per cubic centineter), so 10 cleanliness of Class 1 or nore in
Fed. St. 209D: USA . s rd IS & ' ! h of r.ement
points in t he gaﬁm%%al@gﬁbﬁé$88§%¢€%ger gé%?‘iggrel rsghz%‘?r%ﬁe ,t%and

the particle deRsidyr! Sohdfr fodedPPolANN SILIINP SIS i dhere, dhdlliSt

counter capabl e of measuring O.1-[err]mor nore parti e particle
density was O pR&tbcChpLCHPES 408haBl AhduROi & Schemical Nibher MW act uring
appar atuses 1301 to 1308 as wel |, cleanliness of Class 1 or nore in
Fed. St. 209D g&feéraSed fromhangiabddies, 6diZfdterial, or £186rdasested
above, the PTFE air filter is chemcally 20 stable and does not change in
properties Sevenanhehalt chmgxample idnt ascehbwnt imi ¥Fihg hy8ly aidtuonly &IRE or

the like, so a chem cal I mpurity such as boron neither is eluted nor
floats in air.air fiHmweyvéut alserchemiddl fidgetrsofran aselennsletchnninal
i mpurity such as boron may enter. In Exanple 4, a chemical filter 25

was used as a peélingtin atnleaghtamppren Erom hondimgoneierfpce formation

I ntroduci ng the outer B atnosphere, as in ExanPI e 2. .
-60 - to bonding, i.e., from an apparatus for cleaning two

substrates (first and second substrates) to be bonded to an

10 apparatus for bonding the substrates. With the chemical
filters, chemical impurities such as boron which may enter
from the outside or generated in a small amount from human
bodies, wall material, or floor covering material can be
suppressed from sticking to the bonding interface. In

15 Example 4, chemical adsorption type chemical filters using
ion exchange were used.

Not only the PTFE air filters but also chemical filters
are set on the entire ceiling surface of an area from the
wafer delivery section of the automatic wafer cleaning line

20 1302 to the automatic bonding apparatus 1303, i.e., in the
"chemical filter set bay" in Fig. 8.

In Example 4, the apparatus for forming a bonding
interface and an apparatus for processing it and, more
specifically, the oxidation furnace 1308 and the epitaxial

25 growth apparatus (Epil apparatus) 1307 use CRP tubes partially

in gas pipelines, thereby removing metal impurities.
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Chem cal inpurities may not be conpletely renbved with the air

condi tioner for introducing outer atnosphere, and there are also a
smal | amount of chem cal inpurities generated from human bodi es, wall
material, or floor covering 5 material. In Exanple 4, as shown in Fig. 8,
not only PTFE air filters but also chemcal filters are locally set on
t he ceiling in at |least an area from bonding interface formation

to bonding, i.e., froman apparatus for cleaning two substrates (first

and second substrates) to be bonded to an 10 apparatus for bondi ng the
substrates. Wth the Qﬂgq@cal ers, n1cag ing itles ? Eﬁ
boron whi ch may ent . %9%ﬂnqqu§9ﬂh? Idésoﬁe eRBr 5P&4°FH1ARENR ﬁnunt
from human d ; I I (o) ver]j r be
suppr 65sed fr SH %Eé%“@o@ﬂgﬁﬁ%%%%t%.‘nﬁh?f %%é&?ﬁé]%a%eaﬂua% 1396

cheni cal adsorgfd Cgb dﬂﬁaf%ﬁscter %%;1 ap a'r%%u%)sca%@)g’e WL

used. only t e PT E arr ut all'so chemcal filters

are set on t h%)araatrleorpeﬂdﬂﬂ&es WIALE tHe tRnRR il WALRE trans feAf er
delivery section of the automatic wafer cleaning line 20 1302 to the

automati ¢ pondigihriay dBeY ,18A8, autdnatid wblfer cleanthgm xed 1f3dA,eanget
bay" in Fig. 8. In Exanpl e 4, the apparatus for form ng a bonding
i nterface and tare appamattuis femdimge eggpiangtivis 4303 amee arrangsdeonf boahl vy,
the oxidation furnace 1308 and the epitaxial 25 growh apparatus (Epi
appar at us) 13C7Adse CRRet ipaizparnuliralizes vipfeggsopivafenearnilparsein
renoving nmetal inpurities.
which charge has built up upon loading/unloading wafers

Steps of manufacturing a bonded SOI substrate by ELTRAN

10 in the clean room shown in Fig. 8 will be described below.
Figs. 4A to 4F are views showing steps of manufacturing a
bonded SOI substrate by ELTRAN.

In the step shown in Fig. 4A, a single-crystal silicon
substrate 400 is anodized by the automatic anodizing

15 apparatus 1306 to form a porous silicon layer 401. At this
time, the thickness of the porous layer on the single-crystal
silicon substrate 400 is preferably, e.g., several um to
several ten pm. However, the substrate may be wholly
anodized.

20 To form a porous silicon layer, a p-type single-crystal
silicon substrate 400 is preferably prepared. An n-type
single-crystal silicon substrate may be used. In this case,
however, a substrate having a low resistance must be prepared,
or generation of holes must be prompted in anodizing by

25 irradiating the substrate surface with light.

As an anodizing solution used to anodize the
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In addition, an ionizer is set on the ceiling of the Class 1 bay in
whi ch the automatic anodi zi ng apparatus 1306, the epitaxial growth
apparatus (Epi apparatus) 1307, the oxi dation furnace 1308, the
automatic wafer transfer 5 apparatus 1301, the automatic wafer cleaning
line 1302, and the automati c bondi ng apparatus 1303 are arranged on
bot h sides. The ionizer neutralizes wafers or wafer carriers in

whi ch charge has built up upon | oadi ng/ unl oadi ng waf ers. St eps of
manuf acturi ng a bonded SO substrate by ELTRAN 10 in the clean room shown

L?eiégafgn;“atf&%%&%?sé&'s 2 By Eionguwbrtelbe, 190, °g, FLRiR o EBLSAENS,
the step sho '91 6190 gk&ﬁi&o%%@d ﬁmﬁg@lf%er é&?ééﬁé‘{cﬁt‘l‘gﬁ i s
| C a

anodi zed by the I ZI ng apparatu orm a porous

silicon layer tﬁ% thé& éf“lﬁrdrofluUr‘I% ablg 44V ehRasdngl 16 R RPr Ous Layer on
t he singl e-crystal I'i con substrate 400 is preferably, e.g., severa

[err]mto clgRYekabmt 65 EfinigTe 4joveverait hei sidisd raazteeeﬁiwop%dvmghhy
anodi zed. 20 To forma porous silicon |ayer, a p-type single-crystal

silicon supst raiere4d,Sthe efidrtaid medi epaloes ndo dhangecby the ahogheiagyst al
silicon substrate may be used. In this case, however, a substrate
havi ng a | ow sedivgtismc o misttehehpmépat ddipuritieas ogarmreatdtenpattholles . nust
be pronpted in anodizing by 25 irradiating the substrate surface with
| i ght. AslmaExpadie idhg B8 m-toPausdadle-sxogitad tsidicon
"62 - substrate 400 was cleaned by the automatic wafer cleaning
line 1302, and then, one surface of the p-type single-crystal
10 silicon substrate 400 was anodized by the automatic anodizing
apparatus 1306 by about 10 um to form a porous silicon layer
401.
In the step shown in Fig. 4B, a non-porous
single-crystal silicon layer 402 is epitaxially’grown.on the
15 porous silicon layer 401. Epitaxial growth can be performed
by general thermal CVD, low-pressure CVD, plasma CVD,
molecular beam epitaxial growth, or sputtering. In Example
4, the pore wall portions in the porous single-crystal
silicon layer 401 were slightly surface-oxidized by the
20 oxidation furnace 1308, and then, the single-crystal silicon
layer 402 was formed by the epitaxial growth apparatus (Epi
apparatus) 1307 next to the oxidation furnace 1308. The
thickness of the epitaxially grown layer is designed in
consideration of the SOI active layer, the amount be consumed
25 Dby the buried oxide film, and the amount to be decreased upon

cleaning.
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single-crystal silicon substrate 400, a m xed sol ution of an al cohol

and hydrofluoric acid having hi gher concentration than that of

hydrof luoric acid for cleaning is used. In the cl ean room of Exanpl e
4, PTFE air filters are enployed, and 5 therefore, the filter nedi um does
not change by the anodi zi ng solution to elute chemcal inpurities or
generate particles. In Exanple 4, the p-type single-crystal
silicon substrate 400 was cl eaned by the automatic wafer cleaning

| ine 1302, and then, one surface of the p-type single-crystal 10 silicon

substrate 400 was odi zed. by, t aut omat i ¢, anodi zi ...a rat us, 1306
'b; about 10 [err]mTto %épﬁ%gy%b?: s%?FIP%%ﬁlfﬁﬁé#?%%% eabngEBi growth

the step shown i, Eicge (s ApBaRaRRsues 07 usedldIBk8 G LgleidyenBebayer

402 is epitaxialfly grown on porous silicon |ayer pi taxia
growth can bejperbariRd, therRbyIoRehRhtling’ PRk §¥9a1|9WFBE§§§%%ef§¥R

pl asma CVD, nol ecul ar beamepitaxial growth, or sputtering. In Exanple
4, the pore WalikiPQf deisng RpitexRARN0YS osichgl e- cryst al silicon |ayer
401 were slightly surface-oxidized by the 20 oxidation furnace 1308, and
t hen, the Singl e-criystttle Stddpc@hown in dey. 402 whe fsamfaddyft heepi t axi al
grow h appar atus ( Epi apparatus) 1307 next to the oxidation furnace
1308. The s ingilekmeys tefl t¢hid icpnt davald yepidarikdydryes)dddi2gied in
consideration of the SO active |ayer, the amount be consunmed 25 by the
buri ed oxi de PRLALzadbyH e pFidationpiunaceaded wpderm a buiathprgde

film 403 having a predetermined thickness. In Example 4,

the oxidation furnace 1308 uses a CRP tube partially in the
10 gas pipeline to remove metal impurities, thereby'preventing
the metal impurities from mixing during formation of the
oxide film.
In the step shown in Fig. 4D, the substrate 400, i.e.,
a first substrate on which the porous silicon layer 401,
15 single-crystal silicon layer 402, and oxide film 403 are
formed, and a silicon substrate 410 as a second substrate
are prepared. As the support substrate 410, not only a
substrate having an oxidized surface, a silica glass
substrate, or a crystallized glass substrate but also a
20 substrate prepared by forming an oxide film.oh an arbitrary
substrate can be selected. In Example 4, as the support
substrate, a silicon substrate whose surface was not oxidized
was selected, and the substrate 400 on which the porous
silicon layer 401, single-crystal silicon layer 402, and
25 oxide film 403 were formed and the silicon substrate (support

substrate) 410 were cleaned by the automatic wafer cleaning
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-63 - In Exanple 4, the gas pipeline of the epitaxial growh
apparatus (Epi apparatus) 1307 uses a CRP tube to renove netal

impurities, thereby preventing the netal inpurities from m xi ng during
epitaxial gromh. 5 In the step shown in Fig. 4C, the surface of the
single-crystal silicon |ayer (epitaxial layer) 402 is oxi di zed by the
oxi dation furnace 1308 to forma buried oxide film403 having a
predet erm ned thickness. In Exanple 4, t he oxi dation furnace 1308 uses
a CRP tube partially in the 10 gas pipeline to renove netal inpurities,

t her eby prevent.in the netal inpurities frommxing during formation
of the ogfﬁggﬁﬁQ%' In the step shown in Fig. 4D, the

substrate 400, 1. €-one or vkl B! LAUBLEAL Gulh MU LiBSBOLAUS JE 5"

| ayer 401, 15 si e-crystal silircon oxXi are

formed, and a Sl tsubH1AbE é%ﬁo@%h@rée&PQ@tik}Q%hr@EQ surfacd Bxide
prepared. As the support substrate 410, not only a substrate having an

oxi di zed surf aGeim and EinpRogkathe bond P Shrdngthol As YAl bkdegkass
substrate but also a 20 substrate prepared by formng an oxide filmon an
arbitrary 5 prafsidhhe ssd . beAlekeatedvely, Exagpbesdchaast Aérsyppged
substrate, a silicon substrate whose surface was not oxidi zed was .
sel ect ed, and gadwmw ofubsygen @embiomogknth nihecquerousr hydrsgéncam Laget 401,
single-crystal silicon layer 402, and 25 oxide film 403 were formed and
the silicon st FUER gsappontor helivnh o AW eF1d agegas SUSiNRS apyroftia

automati c wafer cl eaning
may be used.

In the step shown in Fig. 4E, the cleaned substrates
10 are conveyed from the automatic wafer cleaning line 1302 to
the automatic bonding apparatus 1303 and bonded by the
automatic bonding apparatus 1303. In the clean room of
Example 4, not only PTFE air filters but also chemical filters
are set on the entire ceiling surface of an area from the
15 unloader portion of the automatic wafer cleaning line 1302
to the automatic iaonding apparatus 1303. Hence,
contamination of the bonding interface is minimized.
Subsequently, the bonded substrate stack is heated to
increase the bonding strength. Annealing temperature is
20 preferably high to some extent. However, if the temperature
is excessively high, the structure of the porous silicon
layer 401 may change, or an impurity contained in the
substrate may diffuse into the single-crystal silicon layer
(epitaxial layer) 402. For this reason, a temperature and
25 time which do not pose such a problem must be selected. More

specifically, a temperature of 1,200°C or less is preferable.
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- 64- i ne 1302. One or both of the first and second

substrates may be exposed to a plasnma atnosphere to activate the
surface oxide filmand i nprove the bonding strength. As a gas, oxygen
is 5 preferably used. Alternatively, a gas such as air (m xed gas of
oxygen and nitrogen), nitrogen, or hydrogen, an inert gas such as
argon or helium or a nolecular gas such as amoni a may be used.

In the step shown in Fig. 4E, the cleaned substrates 10 are conveyed from
the automatic wafer cleaning line 1302 to t he automati c bondi ng

(he clean room of  SSRSEsuRdGes ﬁané‘ﬁf%”E%%%tsﬁra%F?gﬁ e
chemical filtepS, exam®& ﬁgn%égggﬁgga&gg&w?ﬁw 8491120 greafrom

the 15 unl oader portion of the a i'c”waf ér” T eaning 1rne

the automatic Q@BQtEStéPp@Hfg‘§%b§¥¥§teﬁﬁﬁ§€ be anndzQATLNAt éH {08
ed

bonding interface is mnimzed Subsequently, the
substrate st aC&Sfl§bd$l@@tmb°C00r les BS@asse Tdf%h@ﬂdifﬁeﬁéﬁéegm tMﬁa@i' ng
tenperature is 20 preferably high to sone extent. However, if the
tenperaturé expassbaneasss iflyidnigbetiveenss { UL o earef stlthcaoc_E;DéJ§s.Sl |lAEon
| ayer 401 may change, or an inpurity contained in the _substrate may
di ffuse into theghengtenpenstuatesi ltheohohdgdrsubstrdepistadiamayaypee)l 02.
For this reason, a tenperature and 25 tinme which do not pose such a

pr obl em nust bereakebyedtresse Howevgyecid isaidiyng dntemfiercd wieiaf can

,200[err]C or |ess is_preferable.
[ ] ithstanngtress in the next grinding or etching process of

the bulk silicon 400 need only be obtained by annealing.
10 Hence, when the surface treatment conditions in activation
are optimized, annealing temperature can be set at 200°C or
less.
In the step shown in Fig. 4F, the non-porous
single-crystal silicon portion 400 and porous silicon layer
15 401 are selectively removed to leave the single-crystal
silicon layer (epitaxial layer) 402. With this process, an
SOI substrate having a satisfactory film thickness
distribution is completed.
In this process, the non-porous single-crystal silicon
20 portion 400 is ground by a grinder 1313 or the like in a
grinding chamber 1312 by about several hundred pm, and then
dry-etched by about several pm by RIE (Reactive Ion Etching)
to expose the porous layer 402. The entire non-porous
single-crystal silicon portion 400 may be removed only by
25 grinding using a grinder or the like or only by RIE dry etching

to expose the porous silicon layer 402.

This Sheet Has Been Replaced

T

|



-65 - Some substrates cannot be treated at high tenperatures.
For exanpl e, when the support substrate 410 is a silica gl ass

substrate, this substrate nust be annealed at a tenperature of about
200[err] C or |l ess because of the difference in thermal 5 expansion
coefficient between silicon and silica glass. At hi gher tenperatures,
t he bonded substrate stack may peel or break by stress. However, a
bondi ng interface which can wi t hstand stress in the next grinding or
etching process of the bulk silicon 400 need only be obtained by
anneal ing. 10 en.the _su

are optim zed, anng@ﬁ ﬁdnﬁéﬁpgﬁqﬁﬁﬁg #11%%1?89:%&?3%2 (ﬁé%p%{fl)n?gc \éﬁtﬁegg
In the step s dih er tl|3§2nggr§g‘:2§§ed by & Wi Chyal hﬁhghg

portion 400 a poro i con I"aye are selectivelyr nnve
| eave the si “%Méﬁ?tﬁn need I ddtC Uh hAEE T HLRITH18IdAY &) Alde WEh

this process, an substrate having a satisfactory f|In1th|ckness

di stribution iffowarm emeln a glass air FA1EBESI P18EAS SchéMEcdOANPAFAYS es
si ngl e-crystal silicon 20 portion 400 is ground by a grinder 1313 or the

like in a 5 mayididifigechanties Ci3kd bybapoutTespyetrahththnt edr esahgleand
t hen dry-etched by about several [err]mby R E (Reactive |Ion Etching)
to expose the oroPSFEagper ADRtefhis eatritri@lignspor onsthe ceksliing efctyst al

silicon portion 400 may be renoved only by 25 grinding using a grinder or

the like or orgsingdirgy Fhanben childe In Exgmpipode cheapdivessspifi tbe | ayer
402.
grinding chamber 1312 is roughly Class 100.

The porous silicon layer 402 is exposed and then
10 selectively etched by an automatic thinning/etching line
1305 to leave the single-crystal silicon layer (epitaxial
layer) 402. The etching rate for porous silicon is 10 to
lOstimes that for non-porous silicon. For this reason, when
a number of wafers are subjected to a batch process in units
15 ofwafer carriers in the automatic thinning/etching line 1305,
SOI substrates having a satisfactory film thickness
distribution can be obtained.
Etching of porous silicon progresses rapidly when the
pore walls abruptly break by the etching function of an
20 etchant entering the pores. Hence, the etching selectivity
ratio of porous silicon to non-porous silicon reaches 10’ to
1& times. The underlying single-crystal silicon layer
(epitaxial layer) 402 is formed from non-porous silicon and
therefore etched little because the etching rate is smaller
25 than that for porous silicon by five to six orders of

magnitudes. The single-crystal silicon layer 402 is left
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-66 - The single-crystal silicon portion 400 is ground in the

grindi ng chanber 1312 partitioned by a wall. The grinding chanber 1312
need not ensure the cleanliness of Class 1. However, when a glass air
filter is used, chemical inpurities 5 may diffuse to the Cass 1 bay. To
prevent this, in Exanple 4, a PTFE air filter is partially set on the
ceiling of the grindi ng chanber 1312. In Exanple 4, cleanliness of the
gri ndi ng chanber 1312 is roughly O ass 100. The porous silicon

| ayer 402 is exposed and then 10 selectively etched by an automatic

thinning/etching |ine 05, to Leave the single-crys sidicon | ayer
(oot e S"a8%, bR% corm, sBY PniR FERYparEe 3G, Ohd Litn comd F8eeSY
10 tinmes that_ for. _non-porous silicon. - For _this reason, when a nunber
of wafers areugﬁgfggﬁgﬁ 98%5 Sgﬁgﬁgﬁﬁécgggwph'units 15 of wafer carriers

in the automatic thy;nRi ng/LLehiag l.rjoré%s%?,’ogn SOT sﬁgstgale_%t E%Rﬁi?lgh%‘” ng a
satisfactory filmthickness 5ﬂstr| ution can be obtai ned.

Etching of poLayss$hkice®y PLoMr €35ERnéSP I IRt IdIE is comBRteetal | $n
abruptly break by the etching function of an 20 etchant entering the

pores. Henge, ekhapakchi ngteel soti yhbytrate 1atdéDeiePAPUShS| b €SRat Oc

non- porous silicon reaches 10 to 10 times. The underlying
si ngl e- cryst alwafielri edeahndyer 1ine 1364it ardatheayehyd46g@ensafineakiingr bm
non- porous silicon and therefore etched little because the etching

rate is smal | perf2smecdhde rlanafrdzepbheusuvgifhiceon by five to six orders of
magni t udes. The single-crystal silicon |ayer 402 is |left
To prevent boron contaminating the anodized p-type
single-crystal silicon substrate 400 from diffusing into the
10 SOI active layer, hydrogen annealing is done to externally
diffuse boron. In Example 4, however, since contamination
of the bonding interface by chemical impurities such as boron
is minimum, hydrogen annealing for externally diffusing
boron is performed while considering the amount of diffusion
15 from the anodized p-type single-crystal silicon substrate.
A bonded SOI substrate manufactured in the clean room
of Example 4 and a bonded SOI substrate manufactured in a
clean room of Class 100 using a glass air filter (Comparative
Example 3) were etched using concentrated hydrofluoric acid
20 (49%) for 15 min. Table 8 shows the HF void densities at
this time and boron concentrations in the SOI active layers
obtained by SIMS analysis. Both bonded SOI substrates had

an SOI film thickness of 200 nm and a buried oxide film

thickness of 200 nm.
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Example 3 Class 100 pileces /cm2

on average

As in Example 4, when the clean room of Class 1 using
PTFE air filters was constructed in the downflow bay system,
and the ionizer was set on the ceiling to prevent charge
buildup in various substances such as wafers and wafer
carriers in the clean room, any particles/foreign substances
on the bonding interface could be decreased, and the HF void
density could be largely lowered.
10 In Example 4, a PTFE filter media air filter (Neurofine)
available from DAIKIN Industries was used. However, an air
filter having an equivalent performance and available from
Nihon Muki or the like can also be employed.
In Example 4, chemical adsorption type chemical filters
15 (EPIX available from Ebara) using ion exchange were locally
arranged in the system from cleaning of substrates (first

and second substrates) to be bonded to bonding. Chemical
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- 68 Tabl e 8 Cl ean room _

HF void Boron concentration system density I n
SO active |ayer Exanpl e PTFE air 0.02 10 to 10

atons/ cm filter + pi eces/ cm chem cal
on aver age filter Conpar ati ve conventional 0.75
10[err] to 10[err] atons/cnjerr] Exanple 3 Cl ass 100 pi eces/cm

on aver age As in Exanple 4, when the clean roomof Cass 1

usi ng PTFE air filters was constructed in the downf |ow bay system 5

d the ioni . h I h build [
o103 Lo Tl e BB L R ok L0,
00T oy AT ool g oty aBgen o 00 g bandLagobLextocensy

be decreased, and t e large oweréd.” 1

In Exanpl e 4, @nRTEEFbLLt&4n BB tAlhell b &ls {MP\Wt@ldr"8hemicala¥ @i LapLe
from DAIKIN I ndustries was used. However, an air filter having an

equi val ent  pekhehmas Gshyaitk AV aldsditp® 16h0dr neut MG MB t9bet BRehikg1can

al so be enpl oyed. In Exanpl e 4, chem cal adsorption type chem cal
filters 15 FRERISrayvaiandblthekeomitheta) magi bg combexedange were | ocal ly
arranged in the systemfromcl eaning of substrates (first and second

substrates) to be Bondswrrd ehdndiDeyMOTHEfidGalavailable from Hugle
Electronics was employed as the ionizer and set under the
air filter. As an ionizer to be set in an air shower or a
compact ionizer to be locally set, an equivalent product
10 available from another company and having a similar
neutralization effect may be combined.

Exanple 4 is associatedwith a clean room in a bay system
in which bays and return spaces alternate. However, the same
effect as described above can be expected even when, in a

15 clean room with a double structure, an air filter is set on
the entire ceiling surface of the inner room, the outer room
is used as a return space, by partitioning at least an area
for forming a bonding interface, i.e., an area from cleaning
of two substrates to be bonded to bonding by a wall or the

20 1like and using a PTFE air filters and chemical filters.

The same effect as described above can be expected even
when, in a Class 100 clean room using an air filter with a
glass filter media, a local clean room system such as an SMIF
systemwith PTFE air filters in the manufacturing apparatuses

25 is used, and PTFE air filters and chemical filters are used

for conveyance in an apparatus or between apparatuses for
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-69 - filters may be arranged throughout the clean room

In addition, depending on the chem cal conponents, the sane effect can
be obtai ned by using other chemcal filters such as physi cal
adsorption or neutralization type chemical 5 filters, and these filters
may be conbi ned. In Exanple 4, DC MODEL442 avail able from Hugl e
El ectroni cs was enpl oyed as the ionizer and set under the air filter.
As an ionizer to be set in an air shower or a conpact ionizer to be

| ocally set, an equivalent product 10 avail able from another conpany and

having a siml rforml :ﬁfcﬂéég?efé W& issa iRy 1%&@@&%rmatlonvmto H

Example 4 is SOCI at ean roomin a bay system
bays and returgbmg%s al ternate. However, the sane effect as
descri bed above can be expected even when, in a 15 clean roomwth a

doubl e structure, am @ixandlld 8/ dfcCthentwo sublsht@atld Were @drduH Skhkace
of the inner room the outer room is used as a return space, by

partitioning aiod-g@astou sdlldaon por tbon fddOnwag menmored] by gnied i1@g esinge. |
an area from cl eani ng of two substrates to be bonded to bonding by a
wal | or thé 20 ghikdemnslr ushenglikdTFBoaevef, | aer sliarnd oskdniivallapahieses.
The sane effect as descri bed above can be expected even when, in a

Cl ass 100 cl edptresmhesidrPran o f7i*l3t0@|88\ﬁi t hkhg bonded|mgestrakemaediea, a
| ocal clean room system such as an systemw th PTFE air_filters

in the nmanuf acﬁi%ﬁqlﬁ"gtea%p’a‘? U S‘“ﬁ%smf%tet%ébt 3 A JSFreE RATE X9 (F st%d

chem cal fil ters are fa d o atf ar rgn\l/(fganggtlgnaw £ rat S %r n
appar at uses f dt°F Y g o L 2

REPLACEMENT SFJ".EI'FI{:he porous layer in advance. Such a fragile portion can
10 be formed in the porous layer by changing, e.g., the current
in anodizing.

After the bonded substrate stack is separated into two
substrates, the second substrate side, i.e., the support
substrate 410 is processed by the automatic thinning/etching

15 1l1line 1305 to expose the single-crystal silicon laver
{epitaxial layer) 402. The first substrate side, i.e., the
p-type single-crystal silicon substrate 400 side can be
anodized again and reused after the porous silicon layer is
removed. Hence, the manufacturing cost of bonded SOI

20 substrates can be reduced.

When a trangparent insulating substrate suchasasilica
substrate is used as the support substrate, a transparent
insulating substrate having a single-crystal silicon layer
on the surface can be manufactured.

25 {Example 5)

In Example 4, the single-crystal silicon substrate 400
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- 70 - perform ng processes frombonding interface formation to

bondi ng. In Exanple 4, after the two substrates were bonded, the
non- porous silicon portion 400 was renoved by grinding using 5 a grinder
or the like. However, as disclosed in Japanese '~ Patent Laid-Open No.
7-302889, the bonded substrate nmay be separated into two substrates at
a mddle portion of the porous | ayer or at a fragile portion which has
been fornmed in- the porous layer in advance. Such a fragile portion

can 10 be forned in the porous |ayer by changing, e.g., the current

i di zi th ded substrat K t t
o SubsitFaPBORiRd o0 ERInG KBS PATUSI BbL LToB. 18YRE A0bporpd che 0

b b h
PubsLrate 410,15 ocasaad g heoBU Y 6ot LRALELSIL oo o L 1906

icon axi a The

first substra %631H§%on ﬁgg.noéplp tYReEﬁéﬂﬁggrngéﬁai?ﬁ'ih?ﬁgnted

substrate 400 SI e can zed again a ter e porous

silicon layer jig§er (mle%u&sdltyeﬂ&ﬁery higs E%QH\E@CRHVME}:&Q% tok ?egeag Sa
20 substrates can be reduced When a transparent insulating

substrate suchagsrm silica substrate is used as the support substrate,
a transparent insul ating substrate having a single-crystal silicon
| ayer on t he sin Exeepliens s wablf acicleed. ro@b off EXanpl k Us)ing PTFE
In Exanple 4, the single-crystal silicon substrate 400

air filters was constructed in a downflow bay system, and

an ionizer was set on the ceiling to prevent charge buildup

in various substances such as wafers and wafer carriers in

10 the clean room.

In Example 5, at least one element of a rare gas,
hydrogen, and nitrogen is ion-implanted into a
single-crystal silicon substrate to form a porous layer in
the single-crystal silicon substrate. A bonded SOI substrate

15 manufacturing method using this method will be referred to
as ion implantation peeling hereinafter.

The bonded SOI substrate manufacturing method using ion
implantation peeling will be described below. Figs. 5A to
5E are views showing steps of manufacturing a bonded SOI

20 substrate by ion implantation peeling.

In the step shown in Fig. 5A, an insulating layer (SiO2
layer) is formed on the surface of a single-crystal silicon
substrate 500.

In the step shown in Fig. 5B, hydrogen ions are

25 implanted into the single-crystal silicon substrate 500, and

the structure is annealed to form an ion-implanted layer
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- 71 - I's anodi zed to formthe porous silicon |ayer 401, and the

single-crystal silicon layer 402 is epitaxially grown on the por ous
silicon layer 401. In Exanple 5, an ion-inplanted | ayer (mcro-cavity
| ayer) is fornmed in place of the porous 5 |ayer. In Example 5 as
well, a clean roomof Cass 1 using PTFE air filters was constructed

I n a downfl ow bay system and an ionizer was set on the ceiling to
prevent charge buil dup i n various substances such as wafers and wafer
carriers in 10 the clean room In Exanple 5, at |east one

| ¢ ' A and . i ° oy & B0 .
e ement of a rglie 38%ays g tl%&??%%;ﬁ% Rkt %‘?Lﬁg’ifa:-i—%g&%?%i”'%lﬂ{cﬁg Into a

singl e-crystal™siTicon su orm a porou .
si ngl e-cryst als, 3di-GRR 3¢St r ahe. 280086861 S eRUPSY F 8 iode EMYEact uring

met hod using this nmethod will be referred to as 1on inplantation

peel i ng herei naffi@hted is set sudhecondad S j SebBdd e gPRas acBUEL REd

nmet hod using ion I npl antation peeling will be described bel ow. Figs.
5A to S5Edapahvi enttBbaghnghet epaechndafiehattyr ofigfarbeddetctel 20
substrate by ion inplantation peeling. In the step shown in Fig.
5A, an i nsfil atdavg tHimee rcheBigd @egending loay&he isplentedion theesuthace of a
single-crystal silicon substrate 500. I n,the step ,shown in

Fig. 5B, hydrdgeiantedismedoss smmnaficadmbiliv ebpué SindPle-ter Yskal0 sichi eon
substrate 500, and ) ) . .
To set a deep projection range, channeling ion implantation
may be performed.

With this process, a first substrate having a

10 single-crystal silicon layer (SOI active layer) 502 under
an insulating layer 503 and the ion-implanted layer 501 under
the single-crystal silicon layer 502 is formed. The first
substrate has almost the same structure as that shown in
Fig. 4C. When the ion-implanted layer 501 is observed with

15 a transmission electron microscope, many micro cavities are
found.

In Example 5, in a Class 1 clean room of the bay system
using a 6N air filter, like Example 4 (Fig. 8), hydrogen ions
are implanted using an ion implantation apparatus (not shown) .

20 The implantation dose was set to be 1 x 10" cm".

In Example 5, the gas pipeline of the ion implantation
apparatus uses a CRP tube to remove metal impurities, thereby
preventing the metal impurities from mixing in ion
implantation.

25 In the step shown in Fig. 5C, the first substrate and

a support substrate, i.e., a second substrate 510 are

This Sheet Has Been Replaced

- IR




the structure is annealed to forman ion-inplanted |ayer

-72 - (mcro-cavity layer) inside the single-crystal silicon
substrate 500. The accel eration energy of ions to be i npl anted is set
such that the projection range has a desired dept h. Al though the size
and density of formed mcro 5 <cavities change depending on the

I npl ant ati on dose, the I npl antation dose is preferably about 1 x
10[err]Jto 1 x 10[err]cm. To set a deep projection range, channeling
ion inplantation may be perforned. Wth this process, a

first substrate havi ng_a 12 single-crystal sjlicaon Iaye{ SO tive

| ayer) 502 unB&fePared zpd; g SP&FEnEW 39e‘?u§6§aghﬁ YAEST Rt TARHAR EHF ayer
501 und th i ngl e- tal silki I ' T, | [ st
el e ot medl R RER bR, bRyl 48T 2 eodpuisludinadlest,

the ion-impl anted |aves a0k bs Qﬁﬁeéﬁegm%%gn‘gééeraciééﬂnﬁﬂ%f}ijIgg ng+g&gr°n

m croscope, nany mcro-cavities are

, in
a Gass 1 cleancbp@mief Hoh@ikay appalk8fus andubbhbed BY &he hukbRhtiki ke
Exanple 4 (Fig. 8), hydrogen ions are inplanted using an ion

i npl ant ati ®n appaEiakUsppaeatsidown). 20 The inplantation dose was set to
be 1 x 10[err] cnferr] . In Exanple 5, the gas pipeline of the
ion inplantation A sSOgppabatuataseay o kbtiaiied onlgnbyepokiahihgpamdti es,
t her eby preventing the nmetal inpurities frommxing in ion

i npl ant ati on. sed®ctive ekpghiihg, saepisFxample £i g HEGvethe i Exampldlesbr at e
and
after the bonded substrate stack was separated at the

ion-implanted layer 501, the ion-implanted layer remaining
10 on the support substrate side was polished, thereby obtaining
an SOI substrate as shown in Fig. 5E.

When a bonded substrate stack is manufactured in a clean
room with low cleanliness, particles or metal impurities
attach to the single-crystal silicon substrate in which ions

15 aretobeimplanted, andno ions are implanted to that portion.
In this case, since a uniform ion-implanted layer 501 cannot
be formed on the entire surface, the etching selectivity is
lost, and a uniform SOI active layer 502 is difficult to
obtain. Even in the process of separating the bonded

20 substrate stack at the ion-implanted layer 501, separation
is difficult at a portion where the ion-implanted layer 501
is not uniform, and the substrates may break.

On the other hand, when this process was performed in
the clean room of Example 5, a uniform ion-implanted layer

25 501 could be formed on the entire surface. For this reason,

the bonded substrate stack could be satisfactorily separated
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a support substrate, i.e., a second substrate 510 are

-73 - prepared and cl eaned by an automatic wafer cleaning |ine.

In the step shown in Fig. 5D, the cleaned substrates are conveyed from
the automatic wafer cleaning line to an aut omati ¢ bondi ng appar at us
and bonded by the automatic 5 bondi ng apparat us. A SO

substrate nay be obtained only by polishing and sel ective etching, as
in Exanpl e 4. However, in Exanple 5, after the bonded substrate stack
was separated at the i on-inplanted |ayer 501, the ion-inplanted |ayer

obtaining  *akee ol R I ROT S BSuppto AR S0r dXELTRY aver

bonded substrat ;18 36K dise % actured in a clean roomw th | ow
cleanliness, particles or nmetal inpurities attach to the
single-crystal siligonisubsddste 3N WL EHONS eakd rddnf UL RE Bt apted,
and no ions are inplanted to that portion. In this case, since a
uni form i on-i npl lagd@d Wady eonB@ueaBdoin the doemfabweHaps FdteagNtdr® the
surface, the etching selectivity is |l ost, and a uniform SO active
| ayer 502 Bs diddizeas wasoset onotiaiceilBren tbnptéeept cdensy®fbuwsidphrmtinng
the bonded 20 substrate stack at the ion-inplanted | ayer 501, separation
is difficult atariguw tsSubstanses shehias-wafigranesd wafer syriers s thet
uniform and the substrates may break. ) On the ot her hand,_ when
this process VkederoohednyPartickery foraion s9RSEANERENPN L1 bengiintor m
I on-inplanted | ayer , ,

interface could be decreased, and the HF void density could

be largely lowered.

10 The present invention can be applied to another bonded
SOI substrate manufacturing method. Examples of another
bonded SOI substrate manufacturing method are as follows.

For example, after a first substrate is bonded to a
second substrate via an insulating layer such as an oxide

15 film, the lower surface of the first substrate is ground and
polished to thin the substrate to about 1 to 3 pum, and the
etching region for local plasma etching is scanned while
monitoring the £ilm thickness distribution, thereby forming
an SOI layer.

20 Alternatively, a pttype Si thin film which contains
boron at a high concentration and a p-type Si thin f£film are
formed on a p-type substrate by, e.g., epitaxial growth to
prepare a first substrate. After the first substrate is
bonded to a second substrate via an insulating layer such

25 as an oxide film, the lower surface of the first substrate

is ground and polished. After this, the remaining p-type

This Sheet Has Been Replaced

S |




25 501 could be forned on the entire surface. For this reason, t he
bonded substrate stack could be satisfactorily separated

-74- at the ion-inplanted | ayer 501, and a uniform SO active |ayer
coul d be obt ai ned. As in Exanmple 5, when the clean room using
PTFE air filters was constructed in the downf |ow bay system and the
5 ionizer was set on the ceiling to prevent charge buildup in vari ous
substances such as wafers and wafer carriers in the cl ean room any
particles/forei gn substances on the bonding interface could be

d d, d I I d..
The present | memttion TR i ABbFTEATER FETAET Ssbranroe SEETwERS o

manuf act uri ng gyef 1oEX2AR! f_g;is)é r ﬁ%

manuf act uri ng mstﬁ(o}gl ar'e as 1%??% 4" thin flﬁorgggsa Cl?i@%%%ttg: eidrs
substrate is bondegds® fhe tﬁ?&cﬁldtﬁﬂﬁsf:[ﬁﬁetﬂe%e@ﬂ/ bBﬁHhéEhﬂS AT such
as an oxide 15 film the Tower surface of the first substrate is ground

and pol i shed doutd] N the substrate to about 1 to 3 [err]m and the
etching region for local plasma etching is scanned while nonitoring
the filmtli ckness Dhsthebathanufabeueiyg froethods as walhl SGrhémaysdr 20
Alternatively, a p-type Si thin filmwhich contains boron at a high
concentrati on swldsttrpteyperSimarnifadtiumadaria a Clagsr hedl ean arqoen ype the
substrate by, e.g., epitaxial growmh to prepare a first substrate.
After the firdeagudsstemeln swhich HrRiedt cflét%@@ds@ﬁwlﬂaé \iid tars

i nsul ating | ayer such
are locally set, as in Example 5, the same effect as described

above can be expected.

10 When a transparent insulating substrate suchas asilica
substrate is used as the support substrate; a transparent
insulating substrate having a single-crystal silicon layer
on the surface can be manufactured.

(Effect of Second Embodiment)

15 According to this embodiment, when a clean room with
cleanliness of Class 1 or more in the Fed. St. 209D: USA IS
standard is constructed using an air filter having a
collection efficiency of 99.99999% (7N) or more for dust
particles of a size of 0.1um or more, and a bonded SOI

20 substrate is manufactured while exposing the bonding
interface to only clean air, dust particles/foreign
substances can be prevented from sticking to the bonding
interface, and a high-quality bonded SOI substrate can be
manufactured.

25 More specifically, according to this embodiment, a

clean room with cleanlinesgss of Class 1 or more in the Fed.
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25 as an oxide film the |ower surface of the first substrate IS
ground and polished. After this, the remaining p-type

- 75- Si thin filmis selectively etched to expose the p-type S
thin film and the p -type Si thin filmis selectively etched to
expose the p-type Si thin film thereby conpleting an SO structure.
5 In these manufacturing nethods as well, when SO substrates
are manufactured in a Cass 1 clean roomof the bay systemin which
PTFE air filters and chemcal filters are locally set, as in Exanple

5, the same effect g deggr ied, ndarabgzgecsagtf&cegee&;fgﬁbs% n airhen

a transparent |nsula I'ng SubStrate such as raté 1's used

as the suppor iz13ubs! abengaal CTPESE O etficidivy Y BY.5Y8baAY9NhaYLNg

si ngl e-crystal 't con [ayer e surtace can e manuf act ur ed

(Effect of Seﬁ\%% E@Oghg%nﬁArtiéles of ef‘céicﬂ'éj'dfg ot.aukhbs RBPRdI gRNi-WhEeN
a clean roomwth cl eanl i ness of C ass more in the Fed. St. 209D

USA IS stran@aid uss ngo RS theatied 10y @@a@meaptrFtl Iter having a
coll ection efficiency of 99.99999% (7N) or nore for dust particles of
a size of 9. 1[(poljymetrafinerostiyd chend€d186kr m2Aiusybahdabebosded SOI
manuf actured while exposing the bonding interface to only clean air,
dust particl estfosteiagre is maguifsicamees whn lee eprevéngetiher bondtingki ng to
t he bondi ng interface, and a high-quality bonded SO substrate can be
interface to only clean air. wWith this arrangement, dust
from the air filter or chemical impurities such as boron can
be largely decreased. Consequently, a bonded SOI substrate
10 with minimum change properties due to an acid such as
hydrofluoric acid used for substrate cleaning or etching in
the clean room can be manufactured.

In addition, when not only PTFE air filters but also
chemical filters are locally set in an area from bonding

15 interface formation to bonding, chemical impurities such as
boron which may enter from the outside or generated in a small
amount from human bodies, wall material, or floor covering
material and float in air can be suppressed from sticking
to the bonding interface, so a bonded SOI substrate having

20 higher quality can be manufactured.

In addition, when charge buildup in substances in the
clean room are prevented, dust particles/foreign substances
can be further prevented from sticking to the bonding
interface, and a higher-quality bonded SOI substrate can be

25 manufactured.

According to the bonded SOI substrate manufacturing
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manuf actured. 25 More specifically, according to this enbodi nent, a
clean roomw th cleanliness of Class 1 or nore in the Fed.

06 APR 1999 -76 - St. 209D: USA
| S standard is constructed using, as an air filter having a collection
efficiency of 99.99999% (7N) or nore for dust particles of a size of
O.1[err]mor nore, an air filter using a chemcally stable PTFE 5

(pol ytetrafl uoroethylene) filter medium and a bonded SO substrate is
manuf act ured whil e exposing the bonding interface to only clean air. Wth
this arrangenent us . fromthe air filter or chemcal inpurities such
b5 boron can HechodtS this smEaTiietd the drAdinia (TS op hondil BepseRt
substrate 10 w ] ni C p hes n,_Aci uc 16
hydr of | uori c g\é\‘: égﬁgéghgggbs%??%¥%gcfge%#%n(f:]igg:r%eé 8% %§ [ %S ! n ?ﬁ%ocl ean

room can be MALAGIUF & Tess. mhe RrRddl i eien IOt 0k BIEE ai r

filters but al'so emcfa'fllters are”locally set in an are om
bondi ng 15 i pligyfidee char 8BL-h8Put8 1PRAIDY, cSHEESh €RA tAAMH IS8 I1DHC Ro@S

boron which may enter fromthe outside or generated in a small anount
from humansbodisesinald, rater,i al.5 &iddeagiont omerisys . mat eri al and fl oat
in air can be suppressed from sticking to the bonding interface, so a

bonded SO substratzs hgaibed above, according to this embodiment,
high-quality bonded SOI substrates can be manufactured at
high yield, and the manufacturing cost can be largely
reduced.
10 According to the present invention, a high-quality
bonded SOI substrate can be manufactured.

The present invention is not limited to the above
embodiments and various changes and modifications can be made
within the spirit and scope of the present invention.

15 Therefore, to apprise the public of the scope of the present

invention, the following claims are made.
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. 20 hi gher quality can be manufactured. I n addi ti on, when charge
bui | dup in substances in the cl ean room are prevented, dust

particl es/forei gn substances can be further prevented fromsticking to
t he bondi ng interface, and a higher-quality bonded SO substrate can
be 25 manufactured. According to the bonded SO substrate

manuf act uri ng -77 - nmet hod of

t his enbodi ment, the concentration of boron present on t he bondi ng
interface can be decreased to, e.g., 1 x 10 atons/cnferr] or less. The

concent at od Lo St THRERRY T8 15 mih'ic. e 0 Illlﬁ i lﬂuﬁlﬂfHHL

| ess. As descri bed above, according to th| s ‘enbodi nent ,
hi gh-qual ity bonded SO substrates can be manufactured at hi gh yield,

and the manufpct ur \ARGEOShbS 8Rabe raaitRidturing HEEH6€ ¢ompkd sing a AT di ng
to the present invention, a high-quality bonded SO substrate can be

manuf act ur ed. of bonding tmﬂ&u&l’mrﬁesl nwledit ¢ 0 ait Sl sud t bigtded flexpdeimpove
enbodi ments and vari ous changes and nodifications can be nade W t hin
the spiritS ana soohimngfintee fpceseatweay evatiidotwo shios thteress duoebe thworagatt | se
the public of the scope of the present I nvention, the follow ng clains
are nmade. is performed in an atmosphere having cleanliness of not less

than Class 1 in Fed. St. 209D: USA IS standard.

2. The method according to c¢laim 1, wherein the atmosphere
10 having cleanliness of not less than Class 1 is obtained using
an air filter having a collection efficiency of not less than

99.9999% for dust particles of a size of not less than 0.1-Um.

3. The method according to c¢laim 1, wherein the atmosphere
15 having cleanliness of not less than Class 1 is obtained using
an air filter having a collection efficiency of not less than

99.99999% for dust particles of a size of not less than

0.1-pm.

20 4. The method according to claim 3, wherein said air filter
comprises an air filter having a PTFE

(polytetrafluoroethylene) filter medium.

5. An SOI substrate manufacturing method comprising a step
25 of bonding two substrates, wherein at least a step of exposing

a bonding interface between said two substrates to be bonded
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- 78 - WHAT IS CLAIMED | S 1. An SO substrate manufacturing nethod
conprising a step of bonding two substrates, wherein at |east a step of
exposing a bonding interface between said two substrates to be bonded i s
performed in clean air filtered by an air filter havin

(pol ytetrafl uoroethyl ene) filter medium and by a chem ?HL“ ﬂ“ llll IHE“‘
An SO substrate nmanufacturing nethod, conprisi ng

cl eaning two substrates to be bonded. conveyi ng the I eaned two
substrates thorough an atnosphere having cl eanliness of not |ess than

dass 1 ' " Fed. ﬁaéffogx?g%) H?%le%h oandat § . L-Rg gyegﬂ'al;f%lbc%lﬁaﬂ%a' ned

usi ng avl ng a polytetr uor oet ene

filter m%‘dlu p@bEclapom@ﬁet@afm&s&wneﬁéfIﬁm daNah. Iess than
99. 9999% f or dust particles of a size of not less than 0.1-[err]m and

bondi ng the conveyed two substrates in an atnosphere havi ng cl eanli ness
of not less than Class 1 in Fed. St. 209D USA | S standard, the cleanliness
bei ng obt ai nef. usi The method according to claim 5, where¥f at lesst ahe
filter and a chemcal filter, the air filter having
5 step of exposing a bonding interface between said two
substrates to be bonded is performed in clean air filtered

not only by said air filter but also by a chemical filter.

7. The method according to any one of claims 2 to 5, wherein
10 at least the step of exposing a bonding interface between
said two substrates to be bonded is performed in a clean air

downflow through said air filter.

8. The method according to any one of c¢laims 2 to 6, wherein
15 said air filter is arranged, on an entire ceiling surface
of a clean room, at least above an apparatus for performing
the step of exposing the bonding interface between said two

substrates to be bonded.

20 9. The method according to claim 8, wherein said air filter
is arranged not only on the ceiling of the clean room but
also in an apparatus for processing said substrates with the

exposed bonding interface.

25 10. The method according to any one of claims 1 to 9, wherein

charge buildup in substances in an area where the step of
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a polytetrafluoroethylene filter mediumwhich has a collection efficiency
of not | ess than 99.9999% for dust particles of a size of not |ess than
0.1-[err]m 3. The net hod according to claim2, wherein the

conveying step and the bonding step are perfornmed by u ar at uses
according to a local clean roomsystem and the appar aﬁ'ﬁﬂﬂuﬁﬁﬁllgﬂﬂtlawed
I n a atnosphere having cleanliness of |ess than d ass j D
USA | S standard. 4. The nethod according to claim2, wherein charge
buil dup in substances in areas where the conveying step and the bonding

step are perfarapdihg 9?1@"18:5‘1]53%1 interfadl® yiRiRad §g§8r9&89s\]§]}9$&@£@é2’
e ?6an appar atus for e two

wherein a gas pipeline cou onding t

substrates whgl b @bnRRG! Ilal b¥ré¢erRelses pr&Enbbas. 6. The nethod
according to claim2, wherein the conveying step and the bonding step are

performed by using apparatuses according to a local clean roomsystem and
the air filters are arranged in the apparatuses.

- 80 - 7. 11The Mt hedlack elcdiorgling tbaiany? pnehefechatihe tomwveyiong
step and the bonding step are perforned to obtain a void
5 wherein a gas pipeline coupled to an apparatus for forming
or processing a bonding interface wholly or partially

comprises a CRP pipe.

12. The method according to any one of claims 2 to 6, wherein
10 at least the step of exposing a bonding interface between
said two substrates to be bonded is performed in an
environment where cleanliness is ensured by a local clean
room system, and said air filter is arranged in each of
apparatuses for performing the step of exposing the bonding
15 interface in the local clean room system and a conveyance

apparatus between said apparatuses.

13. The method according to any one of claims 1 to 12,
wherein an automatic apparatus which requires no manual
20 operation in bonding is used as an apparatus for bonding said

two substrates.

14. An SOI substrate manufacturing method comprising a step
of bonding two substrates, wherein an SOI substrate is
25 manufactured in an environment where dust which may stick

to a bonding interface between said two substrates is
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density of not nore than 0.5 pieces/cnferr] after a manufactured SO
substrate is dipped in a 49% concentrated HF sol ution for 15 mn. 8.
The net hod according to claim2, wherein the conveying step and the
bondi ng step are perforned to obtain a boron concentration of not nore
than 1 x 10[err] atons/cnferr] on a bonding interface of a manufactured
SO substrate. 9. The nethod according to claim2, further conprising
t he steps of: form ng a porous |ayer on a substrate and formng a
non- porous | ayer containing a single-crystal |layer on the porous |ayer to
prepare a firslimibstedteotcbbeiprawasd densite «f ewt mpst ephas On® of
the two substrates; preparing a second substrate to be provided to
the cleani ngpme@sa@nt hEterhsaidfmamefaqiusedsiQhtsadsttat g isstdipnasttrat e
and the second substrate to be bonded in the bonding step so as to
sandwi ch the W pé9busonegriratedribetqbenion for Ixmifing the first
substrate side froma bonded substrate stack forned in the bonding step to
| eave the porous |ayer on a surface on the second substrate side; and

L O T erna b8 B L M A S ¢ Cho R SPRO S R
of bonding two substrates, wherein an SOI substrate is
manufactured in an environment where chemical impurities
which may contaminate a bonding interface between said two
substrates is eliminated to obtain a boron concentration of

10 not more than 1 X 1016 atoms/cmxon the bonding interface of

A

16. The method according to any one of claims 1 to 15
comprising the steps of:

15 forming a poroué layer on a substrate and forming a
non-porous layer containing a single-crystal layer on said
porous layer to prepare a first substrate;

bonding said first substrate to an independently
prepared second substrate while sandwiching said non-porous

20 layer therebetween;

removing said first substrate side from a bonded
substrate stack to leave said porous layer on a surface on
said second substrate side; and

etching said porous layer left on the surface on said

25 second substrate gide.
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steps of: I nplanting ions into a first substrate to forma m cro-
cavity layer, the first substrate to be provided to the cleaning step as
one of the two substrates; preparing a second substrate to be
provided to the cleaning step as the other of the two substrates;
separating a bonded substrate stack fornmed in the bonding step at the

m cro-cavity layer; and renmoving the mcro-cavity layer left on a
surface on the second substrate side. 11. The method according to claim
2, further conprising the steps of: formng an oxide filmon a first

substrate to g, prav dednbe bkeozksag B8 shoPoas epecdhihbeltws 15
substrat es; preparing a second substrate to be provided to the

cl eani ng st epcesptheiagheneoktepe b¥oO substrates, the first substrate and
t he second substrate to be bonded in the bonding step so as to sandw ch
the oxide filmtheliepdntdng iandg into agrfimdkngubkérbktestostibstr ate side
of a bonded substrate stack forned in the bonding step and thinning the
first substraierergavity lavem:;manufacturing systemfor performing the SO

substrate _nmanufacturing nmethod of claim1l1 or 2. | . , ]
5 bonding said first substrate having said micro-cavity

layer to an independently prepared second substrate;
separating a bonded substrate stack at said
micro-cavity layer; and

removing said micro-cavity layer left on a surface on

0 aaia tiret subaszate side g

18. The method according to any one of claims 1 to 15
comprising the steps of:
forming an oxide film on a first substrate;

15 bonding said first substrate having said oxide film to
an independently prepared second substrate while sandwiching
said oxide film therebetween; and

grinding said first substrate side of a bonded substrate
stackl and thinning said bonded substrate stack.

20
19. 2An SOI substrate manufactured by a manufacturing method
comprising a step of bonding two substrates, wherein a void
density obtained when said SOI substrate is dipped in a 49%
concentrated HF solution for 15 min is not more than 0.5

25 pieces/cmﬁ
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A g

20. A group of SOI substrates manufactured by a
manufacturing method comprising a step of bonding two
substrates, wherein an average void density obtained when
said SOI substrates are dipped in a 49% concentrated HF

solution for 15 min is not more than 0.5 pieces/cm{

21. An SOI substrate manufactured by a manufacturing method
comprising a step of bonding two substrates, wherein a
concentration of boron on a bonding interface is not more

than 1 X 1016 atoms/cma

22. A group of SOI substrates manufactured by a
manufacturing method comprising a step of bonding two
substrates, wherein an average concentration of boron on a

N . ' 6 3
bonding interface is not more than 1 X 10l atoms/cm .

23. A manufacturing system for performing the SOI substrate

manufacturing method of any one of claims 1 to 19.
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