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-1- SILI CON WAFER AND PRCDUCTI ON METHOD THERECF
BACKGROUND OF THE INVENTION 1. Field of the Invention
5 [0001] This invention relates to a silicon wafer and
a method of producing the shme, and nore particularly
to a silicon wafer having a gettering neans suitable
for sem conductor device in very thin package and a
nmet hod of producing the sane. 2. Description of the
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mul ti-chip package (MCP) with higher integration of
the sem conductor device, or as a matter of conveni ence

in the pack@gﬁgg ROYNE A THE dASEENT LN a very

th 4 n advanced products will be used
1a ;F?elﬁicggq% E{al\?l ng a thickness of 15 15 to 20 m

{0083 (3] mnsgawelnaion wilatea tsial sitimonvefager badappldtdddtef a
there is mthat a heavy

t r obl
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significantly produces a bad 20 influence on t evi ce

Pagkagscand psnethod efprodagipaidbe samm, bad ret ent| on,
2. ba@dsHF‘{#ﬂ&{‘ If%léalgglaqgg Aiel ectric breakdown of oxi de

herefore, i's"common to adopt a gettering
[0882hod H&mnshjppsmsm sugne tchép sliak & yst @mtd)fthél@amb petRdge, for

adewcef L m.n tive i on pcated at a
)Jfa:ﬁ%‘??le s A3CE dimRlt bTCIilae[;as‘? algfoe‘M\f\;j%eW”hZ 1ghpyouytegration of
thblmmmrondmheoﬁtll«:w%m yRhESh RatRY diésnidhikthe et &ﬁé“ess
subst anti al Iy an active layer, so that it hardly

Paﬁ%@%“%’e’ctt]é‘??%%lwlélen@éaiﬂ BPe arvgfiyothinosilimsmawafer. In
adﬁ@ﬁbémmtcﬂu%@s 1 ‘B'eﬁ?sle%da sMiBoRAFKAG Nyin t%QP %—lgl%tsg

is required to forman active regio
15ty @8tikwn in a front surface | ayer of the silicon

r, is .30 regl red to.forma region
[Opﬁg nglﬁgde g 3g’tw 58 & SiEGOR L%ﬁféélapﬂﬂlb‘f 49 4 denuded
sezmlc:<=.mdi.'DEi’cdra];:vra\jrc)ests‘hIthelg:hls;’:lahﬁadb1thlhetr’:tial"lfmﬁ-lezné’:fyv thE@SAEn

tinme i.tate layer is formed inside the.

mRiR ey Bt Be T RearPoRated intn the ikkian deplass abha
ingetgRatitth 8FtRe hEASEMQK £l s%snﬁ‘it&%n%w bFORuc s a bad

influence on the device characteristics, e.g. bad pause time, bad
retention, bad junction leakage and dielectric breakdown of oxide film.
Therefore, it is common to adopt a gettering method for suppressing
the diffusion of heavy metal into a device-forming (active) region
located at a front face side of the silicon wafer.

[0004] However, the silicon wafer being thin'in the thickness forms
substantially an active layer, so that it hardly has .a gettering site
(capture region) on metal contamination anticipated in a packaging
step. That is, it is required to form an active region for device
formation in a front surface layer of the silicon wafer, and hence it is
required to form a region having no defect due to oxygen precipitates
(denuded zone: DZ layer) through a heat treatment. At the same time,

an oxygen precipitate layer is formed inside the wafer by the heat

treatment, which serves as a gettering site. Therefore, as the silicon
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wafer is thinned, the nost part thereof is constituted
Wi th non- defective region. [0005] As an exanpl e of
formng the gettering site2by the heat treatnent,
JP- A- 2000- 269221 di scl oses that two-stage heat
treatnment 5 and subsequent mrror polishing are
conducted. However, the gettering site is in a depth
regi on of 90 mfromthe surface as described in the
wafen is Hriawe dp Gbespost par-thezooDipeorstituigg with sonot

for the above thinning of the silicon wafer.
def%%%&%&% THE I NVENTI ON 10 [0006] It is, therefore, an

[000%) ecAsam ehaamiplhe!elftﬁommmg theogétderiag sité ibyorhennté £ir
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and %M'blsgt@ﬁeﬂ\tafrﬁfrdrSpohBthgeQreaBQnéu@ﬁtdde%fwé’Jé}d Wgkng the
sanme. [0007] The sunmary and construction:of the

gettprv@ntitons dpea depthsegioin ofd0 pm framitheconfaed a6
desdlgyi J‘gn%{egﬁﬁgga gﬁb’f%i&#‘%ﬁ A.8h00- f’?gﬁfllnwé}ugﬁpts%oqf

a er er surface”to~an’ oxygen
appkiceb]epfdratm: hhyee thénPinigoo fl Chers Hicomwabeygen

precipitatio gen pr eci pltate

| ayer is not g%@%ﬁgﬁ @118@52‘8*}‘6552\%5 ates/ cnB. - -
[0006)008] ic2théxeFoké COR o\aﬁé@tr oﬁ@l@@ﬁﬂ’vé‘ﬁubﬁ ﬁohgrdm@ 41),

wher ei n- the silicon fer has a flatness by SFQR of

siliGyy wigder hamime Aohieh ﬁﬁﬁeamgs@blflafé’ewrlﬁugﬁn@s%hby Haze of
dete@?&rg.mneo}'t&a@e?w(@a&@ QQIO\A%]V é}%}héoh RL @?Hcgé wafer is

producing a silicon ma conpri ses
thingahjanct 2 myethad Iotfqnndwafrg thosameeat treat nent in a
se at nosphere ., contai ni.n er an inert or a
005t Re R B5e SRR AE R mecin el R ake Ban 1
follb@gr and then renoving a surface layer of the silicon
wafer so as to |eave. a thickness of 2 to 10 mfromthe
oxygehl) preéilprenieaieshavipganogyyeaninfesipiiatesiayaion

whel“@ifneﬁ depth b?fatay?eq Itan%Qﬁ b mt Q‘Wzﬁﬂ: aer&‘QE‘é tb aa%e0§§§i§n
e TEthod of

of the wafer. [00I0] producing a
precdpitiatohayerf & 2 doc bl dtmgmdoantotxe/gﬂneme(tﬁp;tamtmr ein the

con%&ﬁt&%ggnl o?%g%?ﬁ&% !ij?QteV\faay r 1ssnc§tefm et%annglo-’
precipitates/cm’.

[0008] (2) A silicon wafer according to the item (1), wherein the
silicon wafer has a flatness by SFQR of not more than 70 nm and a
surface roughness by Haze of not more than 0.05 ppm.

[0009] (3) A method of producing a silicon wafer, which comprises
subjecting a silicon wafer to a heat treatment in a gaseous atmosphere
containing either an inert gas or a reducing gas or both above 1150°C
for not less than 1 hour and then removing a surface layer of the
silicon wafer so as to leave a thickness of 2 to 10 pm from the oxygen
precipitate layer introduced into the silicon wafer by the heat
treatment toward a front face side of the wafer. _
[0010] (4) The method of producing a silicon wafer according to
the item (3), wherein the surface layer of the silicon wafer is removed

by double side polishing.
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[0011] According to the invention, it is nmade possible
to give a high gettering ability wthout quality
deterioration of a device a8tive layer even in a thin
silicon wafer by appropriately controlling the depth
fromthe device active layer to the oxygen precipitate

| ayer for 5 gettering netal inpurities to be shallow.
Therefore, it is possible to provide a silicon wafer

[0QL4] apfrecorting table imvgntioneiti somddetnussihleto gfivelachigh

£ hi CF.T 0012
selierind B0ATy W R AR T o P Mo A0 Ehayer
ev@ﬁiacacﬁTilmasiyicmgl_ draded bg,apqi_rrelpeiﬂtel)f:b@?trbllislgaﬂ{d d@ptlh

t .ustratin roaducgti on steps of .an epl 1 axl a
frofpeht ded6F dehiy G BYRAO! thFePKY 871 PRESIEH 71 (e eorioTHE -
ge RRERERRER: IE IWENT® bEQ@h3lowhe THdrb e W8 ossibl

t .
according to the invention and the 15 production net ﬁ_og
Pravidecnsilpron walfegssiiatdedonia pasetrtensemioondactor chip

o ' drawi ng, wherein FIG 1 is a flow chart
o gégﬁlﬁg't he production nmethod of the silicon

waf er acc@RIBE DB SORIHETMENt OBrTHE DRIAWIASGShown in
I . a silico fer 1 js first subjected to a
0027, HEkindeRtion Sy e dtacibrs opiare emcs 10 He

accﬁimgsﬁ A UP8kingawhéPeid: a reducing gas or both above
115 C¥or not | ess than 1 hour, whereby a device

acti veF1Gybis 2 Bet sbartsHingrobrg o od ushioefegst dfen
R A=Tal - [ QHR| I .. and an oxygen
eplg?%ca?&?%rﬁzg{g?ﬁ% gﬁgea%gerrrlglc?%rn this order fromthe

sur f 2JeS 6RIPAd O f@F TIHEORREFBRREDEMB O DB TSas
nme a region m t he

wn jn FL.G 1(b). At this nmonmenpt,. fr
(06900 Fhie 51 G o A GRariscoTing 40 fh iBYgBER ARG Pt at o
prddaieio! md1hioel thedeof REIPBe fdeQUH A A8 sereaehit¥ Qol RN%ET
2 to the COP-remained layer 3 is called as a DZ | ayer

accompamyiz dlaWHIS Weateiny BHEmbris 4 £lovw cderyillustrating the
pro@ick it hsdiad dGP i gga@onwtfemcb?aﬁ{ t€9he1) o nh'agl..
e ayegr . GYER'Y 'S

wafer 1 to formthe Vi ce active
[00dAde, Anehden te FA6 ile)) aypélic@niwaferel és dbise subjbeted to

o LR Bl 04 4053, hmhehe S PR S und e
or saedheisg Fak taneeus hyocontisalietobyot 166 ao N10ho &,
whgg%i%eg cfeovr}%gnatcrt?\&é ?z{])’rerl S e?(rt{jnegruitsginggetc(S{’]%sdg\gogﬁdggetét}/vee
legion, a COP-remained layer 3 and an oxygen precipitate layer 4 are
formed in this order from the surface of the wafer 1 toward the inside
thereof as shown in FIG. 1(b). At this moment, a region from the
surface of the wafer 1 onto the oxygen precipitate layer 4, namely a
region from the device active layer 2 to the COP-remained layer 3 is
called as a DZ layer 5.

[0015] By this heat treatment is firstly extinguished COP from a
surface layer region of the wafer 1 to form the device active layer 2.
In this case, the device active layer 2 is preferable to be formed at a
thickness of 7 to 15 um. Because, though the COP extinguishment
and amount of oxygen precipitates can be simultaneously controlled by

the control of oxygen concentration, in order to get the device active
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| ayer while formng the oxygen precipitate layer in a
position as close as possible to the surface, it is
required that the device-active layer is formed while
thi nning the COP-renmi ned | ayer as |ong as possi bl e by
the given heat treatnent at a high tenperature and then
the device 5 active layer is nmade to a given thickness
by subsequent double side polishing. At this nonent,
layeptvdrile Herming Kheswscxden heecdpitiate lages Ve a pesitioni gs close
- ane 7 bef ar he doubl e,side .polishin it.
s poLBETo she Raf L Ta TR e R R BB A M By &
foropd whhienthiandng htis CO®-radeyined] PErdrosdTbhwess Fodsible by
deterjiorated. On the other hand, when the 10 thickness .
the giveprheajdypengrt pt @ hMghdemperatuee andithepdhgrdevise

actiOUR}S isSndfe Q) 5%‘?%?}?1&“@&&@ E{eiggédlﬁé}ﬁ' doFRsEd e

scattering in the ckness of evi ce active |l ayer

‘poligifingr tAe this nstmenyt, WHen che Whidosess, of thé deviqroatame

to formthe oxygen .precipitate. .layer 4 _hgving.an

layep s (iintisr o { 418 BRIALS the Jouble Fdepalfhinx ib® 15
forced esirpduat esmAFBibYot e doabee Redé polbgiiABMnd Whentide

.oxygen precipitate density of the oxygen precipitate
devipgperformaneessarg fgtersqradvd. pr@eithet ¢ibes hamsl, when ghe

e a Tl t ' td OR). .
hicis 1 Loy PIOR e 5 EBLLERS K, berss Mo uple
side gioltshiag, theret ubtlesicablensused ensaftterénglinitéet on the

. rface. of .the fer 20 aftter.,t he pagkaging step is
thicKss TRt dbDfed B Bls 190 8n Atfefteob o RERIREL [ or g t est
[001i6h omdereders ipPs emPorthtniet fdrne @he &y R predipitadé

re than 1x1010 atons/cn®, it _is required that the
layegg Y0 2R (OFMEETePT RYALS d6PSitReo bRPGdRshHRAT pri At e
prec%}(ﬁ%ﬁt%s?ﬂcmg H0thd ﬁﬁﬁ?ﬂa hedat ¥t e dY, eCU R EES b&YBen2S

) In order to formthe device active |layef "2 and .
preciméatexgeesity pricdieppxrgen pageipifatgndaerthes drsvidian 5x10

1Ltk ans, :;the j I ed.out

precEREHAIGAS, i heql Ry L 159 0% aB01E B 001 0 Vi
metadfcantemieatiiongint eipenakagimg stepr. ef Evalretelyp, bimcroin

hi gher than .k 1250C from.t reason of . devi
et santen SRt Labpr gt oy s s CEeek Mo Hedebe
afterdild peeka @il p i bbbt 1416V, atdi@sAepPeacddrdihg Qb e
, heating time is preferable to be not nore than 3 hours
gettefipg detthd | QFfFa Lo FRRRISHS the dnetilneoRefniEatipRdo not more

nan G0 OkOR I g, 146 IESH Ay e BB adeyionie,
density of the oxygen precipitate layer 4 is not less than 5x107
precipitates/cm?. _

[0017] In order to form the device active layer 2 aﬁd the oxygen
precipitate layer 4 under the above conditions, the heat treatment is
carried out above 1150°C for not less than 1 hour. Here, the upper
limit of the heating temperature is preferable to be not higher than
1250°C from the reason of device maintenance and for suppressing the
occurrence of dislocation due to sli:p. Also, the upper limit of the
heating time is preferable to be not more than 3 hours since the longer

heating treatment causes the scattering in the thickness of the DZ

layer and COP-remained layer and badly affects the device
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mai nt enance, productivity, cost and so on. More
preferably, the heat treatnent is carried out at 1175
to 1225 C for 90 minutes t§-2 hours. [0018] Next, as
shown in FIG 1(c), a surface layer 6 of the silicon
wafer is renoved so as to | eave a thickness of 2 to 10
mfromthe 5 oxygen precipitate |ayer 4 toward the
front face side of the wafer, whereby the thickness of
malpfenagess PIodyCH stcodt agd2sq on10 Morgimtefeiahl ywhien hiehe

[ f 4t I | So|l€sS an. 2 t
trealilefit B35 e of FULPS, RIS oETh POTRIATh ab "  hours.
[00 1%}y geNept.eaxs phoatneid AYEr mc),bif'g@ﬂﬁas;zthggaﬁ] éﬂ\i\%e aldcon
h th i pitate |ayer an e
WafGys FmavadcPa a3 b 18abhch hiskpess of 2iil@ei mofisen the

oxyRéRVreehitdtet MG er Vi R AERL Yo A EVFle ;id%n?fegl&'{)yﬁ{er,t he

performances of the device are deteriora _
whegely dhatthivknpsaecrfabDddldyons tihaedpusteidpia attes] 0 Wil e, That

fe j f DZ Layer 5 gexceeds 1 . as

s, PHER ORI MBI B B, s S dbs” 4P pabn ddecbisfance

betwdmmn the demess aofiveHayeneind $héd oypennpedipi@abeothy04m
precipitate layer 4 as a

becggfg?% &819%fggwgfaptécg?@ey?feeg%yg%rxer@vépi,tam layer 4 and the
COMEefRiROd ¢af o Q%?%ﬁ@é‘@h?%‘ljgg tBAd p?b@ﬂiedf the

removing the surface |ayer the sificon wa er. That
devicg agtive dpyrsy 2 tamdafuraher the pecfimmaoves of thheevévé aee

b . ' 0] flat b of
dercE RSt 55 SS1LEML) PR B B bR i
whesuheabéck neghof sie YZ Hager 6f exudle d301 @ ihals QhOThPPRRHgh

' i Sti - [ d | e 65 .
o e LTS AL b L b T
thinflegitb it TRty heh J oMbl §o A &fet}ﬁobkzgégg)ere}c 18 |

r 4
out to conduct the removal of the s er an t he
as a BeUeIing Si¥nlw¥etshe surface roughness in the silicon

e in the silicor
(00 LT, °RABR Py 2L FPERARPYS ETRERA B RN 0t e

- for ngmievingathtesufats)layer br of thkedili don twefedeviTleatand ijve

er..2 tg form a,sem conduct or chip. 021] Al though

Orde% ﬁé éﬁ%l\yea}ess Wree%w&e b avwe_t’ﬁhfee‘é’%g‘_é‘i?gt Be‘b‘HéEd%G

haveealfbatinesntb yoS FQTe of it PO.noy api s abBAnbt 6864005 118Y
be, made . wi t hi nl&%he scqope of the invention.

nm g fsiedace Lo ¥gRRsssBY df23s of droterory tbabjoe@%i();?é%n the
exisGhyShakt-AarRad el titne Pdesign rule 65nm). For the purpose of
achieving this accuracy, it is desirable that the double side polishing
is carried out to conduct the removal of the surface layer and the
reduction of the surface roughness in the silicon wafer and

simultaneously remove the irregularity of the back surface.

{0020]  In the thus thinned silicon wafer, a device(s) is provided in

the device active layer 2 to form a semiconductor chip.

[0021]  Although the above is merely described with respect to one
embodiment of the invention, various modifications may be made
within the scope of the invention.

[0022] Examples

- A silicon wafer is formed by subjecting a crystal doped with
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N at a concentration of 3x1013 atons/cnB and havi ng an
oxygen concentration of (12-14)x1017 atons/cnB8 and
pul led over its full face at COP region to each
treatnment of slicing, |appi-g, grinding and cl eaning
steps. This silicon wafer is subjected to a heat
treatnent in 5 an Ar atnosphere under various
conditions shown in Table 1 and thereafter to a double
si de polishing treatnent under conditions shown in

N P45 eoncenfgatinerof dx b0 Fi aioshs/oati shd maving arcdugipeg the

conSefIASREBE (A"t R i hee am T he” A PHUSIobten Hed Wkere
at tCthBu@fglan spignchoatatfidnt B@%lfﬂlﬁ%@@ﬂ) % %rhﬁ@frhge and

1treatnent at 900C for 30 m nutes. ereafter
clegngcderayerl lyp siHeonyypéer 1%“@]@@\?@4‘ &0 avheft Heatment in

anS&} Hh'n%@ph@f’éjuhh@r AP QSn&ﬁﬁlln%@h?wﬁo%t ﬁgnbgatll ofy!s

measur ed” by an 1 nductivel y-cou

‘thegsaftaroives rdy)u(bll@F?Ad@)polFﬂlnngeurﬁﬁ)rmenﬁﬂlder)ﬁoddﬁﬁﬁhb s®own

r S asur X|def|Imd|eIetr|c
ms?{%?‘)z%glt atd RS Beginégbﬁé i fRjr T cie th eri plsagss by
0.5 umeval uating contanlnatlon | evel . The GO net hod

%ﬁtlvely eval uat.es non-defective rate based on a
[0 et i rﬁ%anﬁlaa‘gpﬁgsmrmmmlﬂed W@ltwahersuré'ace of the

thi!Bbeahed 4erd 1I8LER a BIA 486t A0l A FRPL 08,20 hear

el ectrode is forne to prepa
treat@ent jag M0°&xs oy éOappdlu@cs fihetrbefthEStheosutfaght] afeir Rif the

wate Tt kot Tt w B b o fer By dhe e ik ARIresiuadl | on

contagainmivn by njaxdgired Yyhen duduictiv ey -cJuif e @4 148 nid HQSS
put into the OXIde filmtill

SP{‘{?g‘gnm:T l&(??a}‘él%te)r ‘g%iiﬁfmﬁéﬁe@rm pentdets ciirremte ishe
meWshesd by MEPS ide Mirh rHl@!eJtPfcoyﬂnggEﬁ}ectﬂ%?o a&ngéude

subjected to a heat treatnent at m nu
Intsaéﬂtvr{&obhntqté@db dde ea’raéaamsgfmrtemlhanmamxreé Qe GOI

e E Ao e e MR (AT Pt Main o8 50" 7"
pre[d}@@ﬂmmecijdgm@ vwalienafter the wafer is subjected to a thermal
oxidation treatment and an electrode is formed on the wafer to prepare
MOS and electric stress is applied to the MOS, or Light Point Defect
(LPD), fabrication defect, contamination level and the like of the
wafer before the thermal oxidation treatment by judging the quality of
the oxide film from total charge amount put into the oxide film t_ill‘thc
dielectric breakdown thereof. At this moment, the wafer is coated
with Ni through spin coating and subjected to a heat treatment at
900°C for 30 minutes and then an electrode area is formed to measure
GOI non-defective rate.

[0024] The evaluation results on the contamination are also shown

in Table 1.
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I@“éﬁb e’-‘xb%@erofmm thewewlmﬁ Nf ﬂ“abﬂﬁ tl, the gettering effect pn

metall\éoﬁtaﬁnﬁlatMnNs Nroveddnd GO fhade FodP By iotattingthé¥ygen
precipitate layer close to the active layer and maintaining COP free with respect to
the depth of the device activeTayer.
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N NN -8 [00261 As seen-fromthe results of Table 1,

the gettering effect on netal contam nation is

provi ded and GO is nmade good by |ocating the oxygen

precipitate |ayer close to the active |ayer and

mai ntaining COP free with respect to the depth of the
Whatdedhipeedast i ve- Myer. 5 -9- What is clainmed is: 1. A

siligon [ I

cher gl k V@i (g)%tvgﬁgf th'u‘% E]nod%gﬁf‘%re&ﬁﬁétg I:Ir)%?nagﬁe@v\gfﬁ grdepth of
DZ lasfmlfaagl@gtﬁﬁ‘ﬂaﬁ wo ey g@ﬁﬁq@rf@en pm@n@mow@ie Tageras 230 10 pghend
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