-1- BONDED WAFER AND METHOD FOR PRODUCI NG BONDED WAFER
BACKGROUND OF THE INVENTION 1, Field of the Invention
5 [0001] This invention relates to a bonded wafer and a
nmet hod for producing a bondedlmafer, and nore
particularly it is to suppresS*residual oxide in a
bonded face as far as possible. 2. Description of the

Rel atRONAED WOOPRA AAD METRODA OR PROBTCRNG ARINDE DOW AFER
bonded wafer, there are known a 10 nethod wherein two

silicon wafers are bonded through an insulating film
such as an oxide_fi e.Li (e | y bonded
wi t hout the insulatqf:#g}’?épm{?b ﬁﬁ%ﬁl‘égm@ r for
act i VepaV& it Sn@dhiififed and polished to forman active
| ayer (lgetr%llync}- pol ?éﬁ?ng met hod), and a nmethod wherein

§ onfi061] hydTlig@tventiod fedatbd doa tmded wafer and e ehdtinddofoa producing
surface | ayer portion of a silicon wafer for active
| ay@Pordsdiwates, t gere pAticHpluHtsly URDEEES BSduBlrTddying pbopded

silkcon wafer fan support substrate and then subjected
to ﬂ%ggsaﬁa@tagg?ﬁsr?%%t to exfoliate the wafer at the

i onyi mpj:@ﬁbﬁgn of B Reldted Aer eby form an active |ayer
(ion inplanting separation nmethod) or so- called snart

cut [0882hod As &typstad perduttiametiad bf a bsaded MPafae, iierd aBANO N 2
and JP-A- H05-211128). 20 [0003] ver, when the_two

14 | mebRd Reersin g é‘%a?‘} @e?ersyarsgﬁa@rgo thraugh 2p pEulst g Such as
of . e i . -0 on - or
o L ey DL BN 010 S gt
cr ywhfat forracevd Ryeol gribfiar aralighel to(fddh hn bade lagardgrind-

(100) face) are directly bonded w thout using_an,
i nskAlighinggnethodn andchmatiog whessin innsfof hidiogen plethe like arean

oxide.tra din-can,interface t herebet wee local

o5 BEILAPPE s RS b B RR AaaHi R A Rt 8 Yorm
155t efir loh K@ pioatedajdd abl BoRdAd Glsildn k&8 foPlurpdf ABAfREand

waf er (heat treatnent step). As aresult, there is a

pr othbmsmbjéraed tosulrat weatmshthoaixfadiat aithe caf@rat dreaibesmphated

et 864 1 FEETHY B BReRRT eGP BN EJBRreeen SRR o
OF cEE'Ed LAYERNMT D38 (Jegl‘%&ﬂd drdde rﬁ?rks Q%F %Q{-ﬁm 184778 PhLEE ip-A-
of the invention to advant ageously’ solve the “above

pr b ses1128) to provide a nethod for produci ng a bonded
waf er wherein the retaining of the oxide int

20, ntl@f9Hce Stnwayer arhieashe e ylicamweler améhc@twebor;ﬁ% after the
fhgrhﬁngy?lﬁ(%fafx{aﬁ\rhg rggi d\%lé)gr ﬁx’cz:ltggle}/s'r?goﬂldaeﬂF Vé”oltutﬁgg,tortpl?i?ticulaﬂy when

two silicon wafers having different crystal orientations (for example, (110) face
and (100) face) are directly bonded without using an insulating film such as an
oxide film or the like, an oxide trapped in an interface therebetween may locally

25  concentrate and retain in the interface as a step-like oxide in the production step
of the bonded wafer (heat treatment step). As a result, there is a problem that
such a residual oxide deteriorates the device characteristics but also forms a
nucleus of defect in the preparation step of the device.

SUMMARY OF THE INVENTION

30 [0004] It is, therefore, an object of the invention to advantageously solve the

above problems and to provide a method for producing a bonded wafer wherein

the retaining of the oxide in the interface can be effectively removed when the

two silicon wafers are directly bonded without the insulating film as well as a



-2- bonded wafer obtained by such a production nethod.
(0005] There will be described the devel opnent of the
invention below That is, when two silicon wafers are
directly bonded without an insulating film it is
considered that an oxide retairdi-ng i n a bonded
interface is formed by 5 condensing the oxide trapped

bRAsPE i hEs bASE J BoBhdlsh dady event the

retalnln an” oxi erefore, the bonding is

usuadd0s) conthet edll akidescrivhe thendvelopmafieofahe aivestion bdlow.
HF solution to renove a native oxide fromthe surface

of That inavkan twesdliconmeafersinee dingatlydeondsd without@ndpsulaging film, it

I d 0.t lik
¢ he etk el iR St G Y bored iprasenS osd oy ©
5 et @bAHedsihg tﬁer@)udm%ﬂngg i ﬂieeffoﬁl@&?mt&rﬁgg 6] 1nT028er tB‘b%ueﬁf the

have nade Vari ous s ies in order to solve the above

pr obdtainingaridudbtraéxide théreforqlthobérmidn dkis awhalygendidied aﬁte the

when wafers to be bonded are cut out from an . i ngot

| s W%%W@htgwnbr@é{% selpHioRy10aREEI0Re P SaTKL 0¥ Q‘O{Ih%lﬁ sqrface
?g{}}g fex axis and Y-axis. However, it has been

fou Ztot he retai ning of the stepllke oxide in the

bonded i ntEvdAORrC@BP shigaRfdfeld Wk 16 dl@mey @gthRie HF solution or
strictly controlling the cutting angle from the ingot

100 ﬂ:erlzkng:elomo the@onding clwrwpayen dheastep-bke wkidh maydpactaired imthe
preg r,m ng crystal face, and as a result the
i nvedt Sﬁmﬁ &%een acconplished. 20 [0007] That is, the

X] andTI‘f@ﬂ%x{tﬁﬁt a?@m‘ﬂﬁetv ods BRI i B Ct?cg 0 5 ve the above

foI or producing a bon er by

dir pmﬂ:aleynsbmﬂdjbmnai the fdlloxdng wadweledgor active |ayer and
a silicon wafer for support substrate w thout an
i nsul ati ng FHatas 3hen wafeThinbe bonded jarq ip Auiip@nfipgot, it is

1§ bR R YL gle i ol i o AR PR S SR AT i i
angheweterQit As Bech foRRIMPRHAE r@BGIRY) ofWhé fep SikP@&Idelif i bonded

predeterm ned crystal face is used in each of the said
si | ingasfaceadrebe Efbectivelyi romoled by standy sonticdlomg thafesttingangle from

suppor.t _substrat )0 for produci

por i gt Ter e r Bihh (Cppin] Seie) it tseneel ok e gemined

waf [ dgate are

pongiggal ke 80 aY S B She ARl RS URBRRCoRURRIIR T 5 °a
20ret OA7)f or ’ﬁramhumerngnmmm@domﬁeuiormfabt divﬁgndmanetaemllows.

1, wherein wafers having different cryst

orientations gk &cthaddonprodneing abpedad ‘Mﬁf”é‘?)édlfedly bonding 2

silicon wafer for active layer and a silicon wafer for support substrate without an

insulating film and thinning the silicon wafer for active layer to a given thickness,

characterized in that a silicon wafer cut out from an ingot at a cutting angle of 0-
25 0.1° (compound angle) with respect to a predetermined crystal face is used in

each of the said silicon wafer for active layer and silicon wafer for support

substrate.

{0008] 2. A method for producing a bonded wafer according to item 1,

wherein the silicon wafers for active layer and for support substrate are bonded at
30  a state of hydrophobic face.

[0009] 3. A method for producing a bonded wafer according to item 1,

wherein wafers having different crystal orientations are used as the silicon wafers

for active layer and for support substrate,



for active layer and for support substrate. -3- [0010]
4. A nethod for producing a bonded wafer according to
iteml1l, wherein the thinning of the silicon wafer for
active layer is carried out by an ion

i npl ant ati on-separation process.- [0011] 5. A bonded
waf er obtained by directly bonding a silicon wafer for

5 active layer .and a, silicon, wafer for support,. .

subs DO c e nodmetand ?Mﬁ?fﬁmsga pandeg _wafrd%?mrﬁwa g el

Si | 'v&h%peil\(\@'feetgirfcnﬂ{ (ﬁ%% YificfYEfer b8 a@%igé 4GB is t&hﬁ%&?%ﬁ?by an ion
characterized 11 that a silicon warer cut out from-an

i Ng@pRktatiosWtpdrapramgteasof 0-0.1 (conpound angl e)
with respect to a predeterm ned c(rjﬁ_/stal face is used in

eacHO®fl] t hé. sAilwnded walsnobiained byahireeidyt beralingy silicemwafer for
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feared nthe two silicon wafers are directly bonde

W t ipthat & kidicomswdleatciungut ffidmian HighEkt BGH MECH ©F. [THE
DRAW NGS [0013] FIG 1 is a schematic illustration of

cut (omeposnd Eaglghyth seapethie @ PIxlelasmined crystl facejig uggdyn each of
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invention will be described in detail with reference to

t he of 2@p-dike onjslanyhish hds beenrfgare d sthomthe 19O 1B conrwafbrs are directly
inventian,..it i.s.inpartant that when a silicon wafer is
cut %BHLAG% IF%tﬁﬁlP%%tﬁgafﬂﬁ'e cutting angle is controlled

to a range of OpRidr RYp N@TQTFIE[FRIWIN ect to a
predeterm ned crystal face ?%‘II ch 1s also caﬁ%ﬁd as a

st afadsyl f aEK)..l iVaschdmeicdlibdtiangn afi ghteing angip atd dorapging)
exceeds 0.10, the 25 step-like oxide retains in the
1Hon@eHei nt erf ace, which badly affects the preparation

step of the i I i r . The
term"cutti %fg’e'\zgnlg I%EM ggﬁagrﬁgﬁsgqaﬁin%@ﬁg ?gén%ehgﬁerfg%estoﬁe
cut EkaRgle IMndCoRsaRatle B:@mplaKiSsREtivelpxi s of the

standard face as shown in FIG 1, while the conpound

angl e 0 conPESRBIMY O OGFRCHE RREFERREIY EMBRDBMENTS

SR, 2R B S S e

zqs(t gg#ghgfé)gfé?i{%%i{\{g@g@v_di rection (cutting angle in
[0015] In the invention, it is important that when a silicon wafer is cut out
from an ingot, the cutting angle is controlled to a range of 0-0.1° (compound
angle) with respect to a predetermined crystal face {which is also called as a
standard face). When the cutting angle {(compound angle) exceeds 0.1°, the

25 step-like oxide retains in the bonded interface, which badly affects the
preparation step of the device and properties thereof.
[0016] The term “cutting angle” used herein means an angle of the cut face
with respect to X-axis or Y-axis of the standard face as shown in FIG. 1, while
the compound angle 0 compounding an inclination angle 8x of the standard face

30  in X-axis direction (cutting angle in X-axis direction) and an inclination angle Oy
of the standard face in Y-axis direction (cutting angle in Y-axis direction).

{0017} In the invention, it is also important that the compound angle of each

of the two silicon wafers to be bonded is 0-0,1° because the remnant of the oxide



[0017] In the invention, it is also inportant that the
conpound angle of each of the two silicon wafers to be
bonded is 0-0.1 because the remmant of the oxide -4-
can not be reduced if the compound angle of either of
the wafer is controlled. [0018]. Although it is not yet
clearly elucidated that the remant of step-like oxide
in the bonded interface can be |argely reduced by
CONERONY] h@gedm:ed cfithe pntgpmmdganele(ﬁf egtheroighe waéertipeontrolled.

? IC lomﬂh %&ﬁ‘é‘;grh;? bst h ly: eglécellfizhge}tgﬂ‘n[a gwﬁ rexinﬂ%n]t o? step-like
| NVeRIENS BRI RS e @a?n bé %ﬁ-ée‘?g}/‘@edu!:éﬁ By & riReNdRdhe cutting

interface, it seens t oxXl are forrmed on the face
of afdle ofvadchroftiee fve ﬁbadxedafafsofr@g giecigastad airangenef (bdAled
interface and finally retain as step-like oxide.
Fhe feomroand wglp)sa%li%mgd@rtb@ inpveBiion, the inEeRierathaks gyeseed as
ste lee 10 oxide in the bonded interface can be
sup%# ISed by bonding silicon wafers each having a cut

face subst anxtthabbﬂde@qm}ﬂa@ iftReth D thal bRiaeasd fhacel @ tht BRe of
crystal. [0019] In the bonding of the two silicon

waf Ehesayafclt toite hoaqm ambhgtgmgtatedam thehmndsd nﬁ@:&a@ecahd tfinelly retain
waf er as S p In the ipvention, it :
adv&hiteRy aIsa oxidiat Ther rf‘s i ip SeRstdared hat tha reinang of Sicsenstike

nt r
14,7 Pie BY B RN e BEC oL LA EBRS ty Vehlhg A, ugfens ach
t hehbangh og fate subetanvaiyepsallcl he tHeatandardyfdeophbbiceystahce”
used herein neans a clean face having no oxide film
and[00d 8] | i K. thnbensling pthe rwa pilisgn wefarddt isgequited to clean the
part|

|
P onybfadt BELE YA o Bl 1o UsrinEelaR, i pdyapaecons tht
sol Hﬂ:'sﬁffaccadfqhé Qafel idkRndekd [HOZAYdMPREAY Bice Hyh@eaning the

invention is effective to the difect bonding of silicon
15vaf water afdcado diniderretive oxigs filin omrtheehnkeabafonwhe bonding of the

i??@? S TS24 T SREOPI A 157 PRI BFacs @ cleah face having o
| Dl gt 8} rh%‘d e300, BONER Sygybhod VAR QAR 9Fired,

e can Utilized a |nn|ng

Waf a1d daarutili2d ﬂﬁCdth@atlo@}ﬂﬂ?j’ wel[{kin6wh @fethddf cleaning in HF solution
antation-separation process is a nethod wherein a rare
gasagiubplike hydr ogen gas or the like is inplant ed into

h f f
2§ 0l £ OB I i S RYES 1l bR et ot g issn
an dwaﬂamawth% cﬁfﬂefeﬁpé‘ry%f GherkRlonaGht e AN Ohe e R®RHAS of

to the silicon wafer” for support substrate and
subjlé 6} agstaloard {hea@X crystalat ment at about 500C to
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hydrogen gas or the like can be utilized as a method of thinning the wafer for

2§  active layer. This ion implantation-separation process is a method wherein a
rare gas such as hydrogen gas or the like is implanted into the silicon wafer for
active layer from its bonding face to form an ion implanted layer before the
bonding and then the silicon wafer for active layer is bonded to the silicon wafer
for support substrate and subjected to a heat treatment at about 500°C to exfoliate

30  apart of the wafer for active layer bounding the ion implanted layer. By using
the ion implantation-separation process can be uniformly thinned the active layer
without using a grinding, a polishing or an etching.

[Examples]



the ion inplantation-separation process can be
uniformy thinned the active |layer wthout using a
grinding, a polishing or an etching. [Exanples] -5-
[0022] Exanple 1 Wien a silicon wafer is cut out froma
silicon ingot grown by CZ netlod, a silicon wafer for
active Iayer is cut at a conpound angle of 0.07 with

res face as a standard face, and a silicon
e Mgl © B

IF substrate 5 is cut at a conpound

angl e of 0, When ERglidoh Weafelik 2LNAH fHonPa §ilikbe alpoveiotfshyar 2
imrersed in a HF cleaning solution to conpletely renove

a natethod, oxiliden tiafanfamattivelayec tsl opt boncheupauadeagle oftOHYF with

and subjec 0 a heat treatnen 1100 for 120

i nwggctﬁ%ﬁleﬁ?’& ftcﬁéﬁ 8B TAgs» slilﬁa? WgTes dpetippprt substrate
Ther ,f 6, ¥k

pol | shed %0 & "{

Ve | I

BgRTOTr, PLF 2o g op wpgrs e

| aygfimeRedin 4 AFIAnME soltiodxth demeletdly rdi@oven wtive oxldc film and
interface of the thus obtai ned bonded wafer is

obseéwesly topded fsi etnb ottreragd subpenitdstoiadieatiresimentat 1100°C for 120

h bl.e
;nn 8511%?%?%% E‘j‘% %eﬁfg’%ijf{g%e‘g% F’gﬁéﬁnﬁgrf@gﬁbomﬁl glﬁgﬁwéifer flor active
Conporng mdemé ?gasﬂedks% 2% fi8 deOhe REIETesS Mmefaca@efﬁger into

for active layer support substrate Exanple

10. OV0(hame Exarrpl e 2 [ O 07 0.07 none Conparative O. 12
0.12 presence l.e Conparatiye 0,12 0.12 pres
Exanpl e 2 [@Maade@sgewm%ﬁrﬁaaﬁpémf thohtpingd E(eraif: Water is

th
o SheBhyet By BRI iR oisVBh Bletu b hiGltcobLE ™ £ "F
step. |ikeTigxmeguied roallt QRESKY afTat201 00 2%¢. Fxpnpl e 2

When a silicon wafer is cut out froma silicon |ngot
gr omﬁza)b/ CZT&blCl

15
Compound angle | Compound angle | Step-like oxide
of wafer for of wafer for
active layer (*) support substrate
— )
Example ] 10.07 0.07 none
Example2 | 0.07 0.07 none
Comparative | 0.12 0.12 presence
Example 1
Comparative |0.12 0.12 presence
Example 2
[0024] As seen from Table | and FIG. 2(a), in case of using the silicon
wafers cut out from the ingot according to the invention, the remnant of the step-
like oxide is not observed.
20 [0025] Example 2

When a silicon wafer is cut out from a silicon inpot grown by CZ
method, a silicon wafer for active layer i3 cut at a compound angle of 0.07° with
respect to (100) face as a standard face, and a silicon wafer for support substrate

1 cut at a compound angle of 0.07°. Then, hydrogen ions are implanted into the



met hod, a silicon wafer for active layer is cut at a
conpound angle of 0.07 with respect to (100) face as a
standard face, and a silicon wafer for support
substrate is cut at a conpound angle of 0.07. Then,
hydrogen ions are inplanted i pfo the -6- surface of the
silicon wafer for active |ayer under conditions of an

acce| erati.gn .voltage: .50 keV and dose;.. | x1017 .

o ok B s Re ol G R e aipliiont B asgplegetion
depmtage.ssé k& afd 2 abeuit x BP0 afohf¥ydni’an b iea B b p&eioaliniphaited
waf er for active layer. 5 Then, the silicon wafers for
act layer dtaydeptiopatitfcorofabpmdi(} muwi ety tht eurdace ofitharwetse fori agtive
HF cl eaning solution to conpletely renbve a native

oxi #¥%ilmand directly bonded to each other and

bj ected t : : '
gubjcto Ly, U SPUERTY A S0 KBS e
| Npingféreed IR icleaiN@)X lsolutiBe thodfistdiehBiegiovt & natibd exitiedilmhand

a heat treatnment at 1100C for 10 120 m nutes for
f ur dinestlyibepded/foragch hthebantbisubipcsadrie adieht agagmentrat B80°Q ©

cct PIRHHE aA el SRR il P e g P e Loy
nterface ool bBiTdARiie H30bRA0HHa Weth Featnfent at 1100°C for
e h wn

observed by t pl ane e neasured result 1s sho

16 n THbhéuies HHA{rdA2 hprbving hhesbaritey, stichgthsind fuhthdeao axi de
can ngt, be observed |ikew se Exanple . 1. [0027
Confidfaitantecamentio ghin the thiskaesd ohdliecactivg 1ayerioat®dhmn t he
sane nmanner . : e 1 t t .
angl e of t h‘bél?é)lﬂfi?g%ﬁ%kearn E)er?éggﬁ f R}lgmasyocl,’?ﬁ?egé)@%g@g%ﬁ T

20 dHierve@BparglagnERe.Of the silicon wafer for support
substrate is 0.12, An oxide existing in an interface of

t he t hus oblhzimeadutsd meradt inalicovn insTababser ved by t he
I EMto obtain,a result as shown in, Table. | an
195, 063y 8 (BB s W sisbabke i Sttt be S ikvBgxample

whep the cutting angle of the silicon wafer is outside
t he acceptabl e range of the invention, the remant of

t hg002y st dipmpassiveixdenpls] observed at the bonded

i nterface. d{gozg] Conpar ati ve Exanple 2 A bonded wafer

i s prepar ed Perdedevalenis PHaRATEEIN dhe samernannst &s i Exampiei

S GADEUAh AR R AR LFBPYAe LA 851
20WaftBE chRpordngle of THOSLIERT Rafes £&- shgport substrate is 0.12°,
An oxide existing in an interface of the thus obtained bonded wafer is
observed by the plane TEM to obtain a result as shown in Table 1 and FIG. 2(b).
[0028] As seen from Table 1 and FIG. 2(b), when the cutting angle of the
silicon wafer is outside the acceptable range of the invention, the remnant of the
25  step-like oxide is observed at the bonded interface.
[0029] Cormparative Example 2
A bonded wafer is prepared in the same manner as in Example 2
except that the compound angle of the silicon wafer for active layer is 0.12° and
the compound angle of the silicon wafer for support substrate is 0.12°.
30 An oxide existing in an interface of the thus obtained bonded wafer is
observed by the plane TEM to obtain a result as shown in Table 1,
[0030] As seen from Table, the remnant of the step-like oxide is also

observed likewise Comparative Example 1.
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30 An oxide existing in an interface of the thus

obt ai ned bonded wafer is observed by the plane TEMto
obtain a result as shown in Table 1, [00301 As seen

from Table, the remmant of the'step-like oxide is also
observed |i kewi se Conparative Exanple 1. -7- What is
claimed. is:.1, ;A nethod for producing a bonded wafer by
directly bond| ng a silicon wafer for active layer and

a silicon vaf er nfcorodsiupporduciigbstoated waithoutiranly bonding 2
|nsul atlng filmand thinning the silicon wafer for .
actilipen [vejer foy @Ca\@la\y@ncrtdﬁi él&lﬁ@%g’»af% [OharEE ey bpEgly without an

ana‘isgﬁi&fﬂﬁfgqﬂb[ﬂig ﬁ 1(1:1711 15%11 \’\’r%SIr}OT ?vecs é%‘ﬁoic::aug*t\ en ghiCkﬂeSSa
pr egdateeniaed tqamit abn f&@ﬁ@s amemusﬁ:dn as m&ch% saleing angle of 0-
silicon wafer for active layer and silicon wafer for
suﬁp@ntozsp@stdatﬂe) witkespectlitvel yed@ernAnaethotifiere are used as
duci ng a bonded. waf er accord| ng to claim1l1l. 10
i THOB PR TORT NS ey TG dFe QP pigy ST RGO G bstrate.
su pbstrate are bonded at a state of hydrophobic
JLHﬁg%%l\%%mﬂ hod for producing a bonded waf er
accor ding to al@kModlfor pheheind Maees viavi agoetiihf er entm 1.
cryst al orientations are used as the silicon wafers
f ovhawstii e Sllagﬁewaf@ds fooracgupporet aslibstsnppe! susstgte e bonded at
nmet hod f Ci a bonded wafer according to claim
1. asW‘Fe‘?@" ‘tﬁbo ?a%ﬁi ng of the silicon wafer for
active layer hsycqphirgd I%Hhmlﬂg a%n'd%‘ wafel according to claim 1,
i mpl ant ati on- separ at i on’ proce bonded waf er
obt/htmaadwhierdhaeat Idyffénemdmng:aamsmhat@@n; aafuesd forhe silicon wafers
active layer and a silicon wafer for support substrate
ftohéattl"?a%ﬁ Phatl By SHBP(?IT FYRSUAEG-and t hi nni ng the silicon

wafer for active |la thlck
char act er i ;edA m E“‘P%z%l JI-OFU g% oin d ‘\?\dgéil d&u%ldfl}g 10 c mm )

| ngRdre At th@ 16k NG BRglIR 0/ Fwde 0o} 2EGoMRQUNd c%ngécemv%\t th ion
respect to a predetermned crystal face are used as the

saigplsithiicon:waitern frocesacti ve | ayer and silicon wafer

For support Su%ondéagl wafer O%S n?gJ f’J\V%!lCC‘LlV bonding a silicon wafer for
active Jayer and a silicon wafer for support substrate without an mnsulating f1im
and thinning the silicon wafer for active layer to a given thickness, characterized
in that silicon wafers cut out from an ingot at 3 cotiing angle of 0-0.1°
{compound angle) with respect to a predetermined crystal face are used as the
said silicon wafer for active laver and silicon wafer for support substrate.

respectively.



