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TO'BUI LD | N HACK SURFACE DAMAGE PCT/ US99/27513 2 0 U aY 20a3 Background of
t he I nvent iwo 0dBes3pr esent invention relates generally to a naidiaskoh753
processi ng sem conductor wafers, and, nore particularly, to a zq;hgﬂzﬁé
processi ng sem conductor wafers for producing relatively flat wafers Vi ng
back surface damage for external Bettering. Sem conductor wafers are
generally prepared froma single 10 crystal ingot, such as a silicon ingot,
which is trimed and ground to have one or nore flats for proper
orientation of the_wafer in subseguent procedures. The_i is then sliced
into individual wafErEiQthih %?chﬁﬁﬂl“@uEFMEFQHDFGTQ%UM%P Sof processing
operations to reduce t heTPhBUAEsIIoBAHe SHREACE BANRGHve damage caused by
the slicing operation, and to create a highly reflective surface.
Typical ly, the peripheral edge of each wafer is rounded to reduce the risk
of wafer danmage during further processing. A |lapping operation (an abrasive

slurry pBackggdund Qﬁegh&eﬂhmennianlthe front and back 20 surfaces of the
wafer to redu?ﬁ t he thigkness the fer and [ enp g damage IH a 9 by the
slicing operatBnPTASER n?@ge et 2t FOREDT oY r bgh Yrria

oper abi oproe¥salfag bemmebhaumxt merwlw,e afe, trhwﬁésnpéﬁtﬂﬁdlagmpyetdaarage
Upon co Ietlg f the Iapgﬁg r at one r b Eh 25 surfaces of each
vef or arBeRARdI Py BEPFEREG s HRT S ARSI R G @51 PEPAAFL881 i ca sl urry
(polishi pg1stuveyy amataw@lf@?scq{aﬁr@%ﬁcﬁosuﬁ@a@ dankge tortberepphaces
i nduced bytgrlor operations and to ensure that the wafer is pl anar.

Thereaf t ¢fLCPELPG-0of ten desirable to i nduce damage on the back 30 surface

of each vaf ers&alebaaué%o%xwms Botd egéﬂ@réiigs%rﬁayéatw @l hYsihfge back
surface of each wafer is subjected to 00/ 7 2 PCT US991 27513 2 ~
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Bettering sites ront sur protected whi t he
damage iwafaduéedsvbsenuethayiocadiree. ThHee wataes asethhenséneadednmd

| napect ot”ar o0RT JBYe08 WG LR SEE LTpTRt G, LR NBNERRLTE L
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10,1 890 CERBOLSqpRIED WSLEn TPt JEL)Phec BRLLELar LT LB! lia0togr (o
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during further processing. A lapping operation (an abrasive
slurry process) is then performed on the front and back
20 surfaces of the wafer to reduce the thickness of the wafer and
remove damage induced by the slicing operation. A chemical
etching operation or a rough grinding operation may also be
performed to reduce the thickness and remove damage.
Upon completion of the lapping operation, one or both
25 surfaces of each wafer are usually polished using a polishing
pad, a colloidal silica slurry (polishing slurry) and a
chemical etchant to remove damage to the surfaces induced by
prior operations and to ensure that the wafer is planar.
Thereafter, it is often desirable to induce damage on the back
30 surface of each wafer to provide external gettering sites.

Conventionally, the back surface of each wafer is subjected to
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15 i rrpo'rtant for uniformimaging in the electron beanithographic and

'phot ol i t hogka® hi/SseBf OCcesses. The flatness of the wafer surfaclgd:j,!'l
i npacts device line width capability, process latitude, yield an 55‘9‘37&135

t hroughput. The continuing reduction in device geonetry and increasingly 20
stringent device fabrication specifications are forcing manuf acult M% 2683
sem conductor wafers to prepare flatter ®afers. To achieve flatter wafers,
doubl e surface polishing has beconme the process of choice. However,

fl at ness #8 abyasivel Progescedush Gsh\raadsyre JBS bigtchodyr far creati ng

back sid ; f achlctat; |19+ T e LR ' I
pr ocessi %ggygg%l%gﬁdgg gfﬁﬁgﬁ%?lﬁ%%stoaq%r oces?aa at%gé? chgﬁ%%d%%ér]? ace
pol i shi ngsunfacdeforoekt¢rnald gedfeningpraitiedes Biieefinmutsiswsfare tde back

surface o e fter ' t P KLQC n .addi t i 3
pol i shi ngélicl)ér3 g‘ggggt:oﬁuf ﬁekg r gtr}f{gt}t# % éicgmolfri%t IEfél%vva‘?s%eraqaes i %%8?%&36%‘2 %he
PCT/ U9/ BaER 3s@rfateVAY TR@OWatems retk ttheare mieartelie gmrdbadss eftratetimage. Thi s
addi tion S ap_s r.el rade, t he,.waf.er fl atness. The additional
step is g%)% f_%E:Sn%? %a?ep%\égléfg Fgﬁgﬁ?%ddndﬁlﬁﬁl e itg"(?r ewaasfeedfs ame i t
requires ihspespedi akriptecautdedisdrg ttakarhed cus tpmeire dox kL dimnttisar f ace
from dama‘ge Sum"rﬁry of .the Jdnvention Anong the several objects of this
§rbén

i nvent i on"hR 8t BTHRETEMRRCE G a net hod for processing a
semi conductor Thtefinliiched Wadevrs siudd enety Healt difgeiurfiade rEMOBSsS he

processing 10.required faqr shapi each fer; .the provision of such a
brocesd WHPEhi FPRAESs a SPEFAMRGEP FIURS i oL {0Eh AR i OH T % U
process whhcbrgeedueeprantaicQir AW GrBaiHert i (it T asyeand ddpoitad sion of
such a process whi ghbl s econom cal, for use in processing wafers. 15

Gener al | yYPAnERABY BY rt ROTpFESERL §/n\ PG IGT RGP hestldsi TP 2RI T Rluct or

vaf er sligrdcbl9ihagehpalie- prvtieds | NGRIEANE 1RAHSG TiIDRAIhANbLERC oSkt aces
and a peripheral edge conprises_ | apping the front and back surfaces of the
waf er to Pedtie ?h@cmp@k%@@ & iimeatsire rramP tiEalnprdvEahel § | at ness 20

of t hfswaix%oriaﬁtl gegi 0% i $om GhRR1eY 4aRIR U dds-d Whaknd back

surfaces._ The nethod further conpri'ses fine grinding the front surface of
t he waf erli®heggapbichandapigd odi thegramdvic Processasausdhayf idtesppphg

tep, thet 38 Hatene arrrte PR, Tndd e Heiac Ml R ont and. back
surfaces otpahélisfer paoeesismilatdtenies| yizdld stred tisiovughepyol | shidg slurry
Front andeBacE St RPas eau i, HE Ry A SRt e S R { ace
af t er2ol $shingens 8evgreatfebrtikaat itdre spaf idamganomaehefdraimg sur f ace.
The wafer  JaTRge  [STBLN29 U GRS W ASE ReIAdAhes Beli gL ng.
wafers. To achieve flatter wafers, double surface polishing
has become the process of choice.
However, flatness is negatively impacted by conventional
25 methods for creating back side damage to facilitate gettering.
The conventional method of processing a semiconductor wafer
requires a process after double surface polishing in order to
induce damage to provide gettering sites on the back surface
of the wafer. After this gettering process, an additional

30 polishing process on the front surface of the wafer is



WO 00/ 36637 4 PC TNS99I Z7513 2 ~ O MAY 2003 In another aspect of the
"invention, a nethod of processing the sem conductor wafer conprises |apping
the front amd basdé3surfaces of the wafer to reduce the thi ckneggusiodrbm
wafer and to inprove the flatness of the wafer. The | apping 5 step creates
damage on the front and back surfaces. The nethod further conpriZz@sMAY 2003
si mul taneously polishing the front and back surfaces of the wafer such that
| ess wafer material is reaned fromthe back surf ace than the front

surface . er d i ning. on the.back surface i eater than

t he 10 maF%ggﬁgﬁgggoo%m%% rg% %Fé%%ﬁ%féHQﬁpﬁﬁﬁEr %@ﬁﬁg@aﬁgﬁﬁ?ﬂ?%g on the
back surfprecé35|baha@e&d%ﬂlywdegmadbruhe(ﬁ@f&tsfh@ﬂnédyantmnes of the

i nvention_wil| . be PR rent, fromthe follow ng detai|ed descri Bri ef
Dosori pt1 BHCoF 1PRE TOPERENGS COBHLY Jin.fsh%t R EiAG o0 heReL B3 oFe o
first enb@ﬁcﬁeatseaf aha ﬂrtji‘&%tiuifW@rﬁhw cﬁpcﬁﬁééaﬂt@oﬁ§nbéoﬂﬂldéﬁ0r

waf er; . 2 1s a_fl g%%> an1of a of a second enbodi nent. 20
Eetalléd %BsEFPE?FGntgﬁ eFrd %RF |¢&Wﬁ%eFlg 1 illustrates a
preferred nmethod of processing a sem conductor wafer in which a fine
grindi ng operatlon IS perforned on the front surface before a double
surface nmet hod produces a wafer having back 25

surface danegeahghg B%Heergéwefadfu SSpiditls 40Pl 1RGUE PoR RacknsUAbaCE

processing step in“order to in surface anmage to provide Bettering
sites. | ntbehpromsdm d &t apetihopefdnrpmeressing dHaskmiophdeetonavafer not

al so perfof B3O8 L€ of QU ACG a1 MO0 3083 - 2auces the processing

10 required for shaping each wafer; the provision of such a
process which produces a relatively flat wafer; the provision
of such a process which produces a wafer having gettering
sites; and the provision of such a process which is economical
for use in processing wafers.

15 Generally, a method of the present invention for
processing a semiconductor wafer sliced from a single-crystal
ingot and having front and back surfaces and a peripheral edge
comprises lapping the front and back surfaces of the wafer to
reduce the thickness of the wafer and to improve the flatness

20 of the wafer. The lapping step creates damage on the front
and back surfaces. The method further comprises fine grinding
the front surface of the wafer to reduce the damage on the
front surface caused by the lapping and to further reduce the
thickness of the wafer. During the fine grinding step, the

25 damage on the back surface is left intact. The front and back
surfaces of the wafer are simultaneously polished using a
polishing slurry to improve the flatness of the wafer and to
reduce wafer damage on the front and back surfaces. The wafer
damage remaining on the back surface after polishing is

30 greater than the wafer damage on the front surface. The wafer

damage remaining on the back surface facilitates gettering.



PCT/ US99/ 27513 2 0 MAY 2Q03 The sem conductor wafer is sliced froma

" single-crystal ingot, such as by using a conventional inner dianeter saw or
convent i onalWQi0Pa%68Aw, to have a predeternmined initial thicknBSEUSIHaI513
sliced wafer is generally disk-shaped and 5 convex, and has a pﬁr,d Wﬁr@bs
edge and opposing front and back surfaces. For purposes of this
description, the front surface is the suuface upon which devices are
ultimately printed. The initial thickness of each wafer is substantially

greater than thg dasthed hispalet! iFcknrssnventlilely sUkaeganiofprocessing 10
operations to reduce the thickness of the wafer w.thout the risk of

danmagi ng BFOFREELHRI RESt REMMEPHANALTaWAELENFOIPHYRES HARRANY & ke Fray

be in thezranpgcRf sakerlceB0Q 2R fdls tovkeldtidd e W ichiasss | Sf abrat
700- 750 microns. After slicing, the wafer is subjected to ultrasonic 15

cl eani ng YafeEndRe &Br ATPFOVEathicc IS taeg sdobr i epdant-ed Bie tHRPRERST
fromtge §£ég' g?eg{?@%ah'aﬂﬁgeT% Reld ?Wrﬁ:' 2580k - MRiLr T sppeofiled
(e. g., rounde y a convéntional edge grinder (not shown) to reduce the
ri sk of chepppAgfvrthescconprifsashes imfléanedys lumialg shimhdrherbeensi ng.
20 The valgs L8cknel phaged den chromen! ional hanpiARRA AL U3 ool o shown)
for Lapping the tront and back surfaces to reduce the thickness of the

vaf er andisoremprede friva fuhet deexk sfunfireendhen thedfodmn piridee t hi Thaess
via the | 3pLROAGRSLAl LR PR JAMROG LY S NGB SN R cne
slicing opéeration. e lappi ng step, however, Creates dafmmge (signature
damage) owafer flavageacd ltdhek foamftacey favst. hdhadiWdfmrandpe aceeaigings

t han the danpge e t he f.er..slicin per.ation. Suitable |apping
appar at uso?ggﬁﬁdégggt %P%%ée%d‘éatﬁoss .Q%E%ffdﬁlgdnd AC2000, nmanufactured
by Peter 30 Wbtkegs Cbrpota iz ddvanvaddse ofMihel higveappidry wpphriag us
preferably enploys_a slurry Jjncludin n ahkrasive, such as alum na or
silicon C%Pﬁgg&n h&¥ Py t&%léﬁgaﬁ“?é’@gﬁﬁﬂt\ﬁe‘gﬁ%s dGRFBFE T Tons, and
preferably about 15 microns. The | apping WO 001 36637 6 PCT/ US99/ 27513 2
"p 14Y 2(~3 operation renoves a predeterm ned thickness of wafer material,
such as aBsiefsBesgripiig FaLhe, D ably about 75-85 mcrons is
removeg by theFli?Pp'lngso%.erﬁtdvpr&liaB]?an{ /INGAMY s refpyes material
fromthe wafer af" a rate preferably 5 between 3 and 20 microns per mnute.
The oper agmbardédmenike ofofFEnRXaRANY dgpianF igshdort RFFeIS WS apparent to

t hose skiggﬁqcbgdhggdyWWéygk;herefore wi |l not be further described. Once
the | apping operation is conpleted, the wafer is 10 then cl eaned and pl aced
in a fine grindigg &per & Jslqwaliagwam)of m wetded mf fa esrcendface of the
wafer is ;%ﬁg&g (Lo afine grinding operation to reduce the damage on the
front surface induced by the |l apping step and to further reduce the

t hi ckness of the wafer. The danage on the back surface is 15 |left intact
during the fine grinding operation. The fine grinding apparatus is
preferably a conventional vertical spindle circunferential grinding

appar abusDesadlielda e o it ivr it Nithe finiead it ed by Di sco
Corporation, Santa Clara, CA, under the_ trade na 840. Thi s _appar at us
20 Pl udes a BAG- df GHRERs ThebI R S HA L AS ot s yee ss ind R

semiconductor wafer in which a fine grinding operation is
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performed on the front surface before a double surface
polishing operation. This method produces a wafer having back
25 surface damage for gettering sites, but does not require a
back surface processing step in order to induce back surface
damage to provide gettering sites. In other words, no step is
performed on the back surface that is not also performed on

the front surface.



notor driven spindles that rotate the grinding wheels and are capabl e of

"bei ng noved up and down on a vertical axis. The wafer is drawn by vacuum
agai nst a cﬁﬁgﬂo’éﬁ“b support table with one surface of the waPE€F/US99/21513

agai nst the chuck and the 25 opposite surface facing one of the g@WL@%
wheel s in opposed rel ationship. As the grinding wheel is rotate

not or driven spindle, the spindle is |lo ed along its vertical axis into
contact with the wafer to grind down the surface of the wafer. 30 The

vertical axis i i o) c r_of. A t hat
only a peri phe(r)lfa d B%@?%%’?C%ireoééf%%% %%%?d cﬁ%‘gc?sgghgﬁﬁam?gys% |l e
t he gri ndiimpathestudls 4% kyrtatng wh t tonventwicdmal immenaddameseat esvarcound

its center = . e uni form
grinding o ﬁé-ltf\/l\;%org% ggﬁ%c%ggl\lfs%?‘%?g %Q%ér\ﬁjd%%g \%ﬁzgﬁ'glused in the
grindi ng apparkatass ar ellpe ef ki add ywaf exipi s hggeetral bgi di shrdbdpeidammedd

grindi ng nQ t hos j i e t_as conprising a_resi

mat ri X%5 ;Mr%%ls}eeéé;fata\é% v&g) ?%1 ég)r ?%@%%]?%lui%%%?earg# ZFRRT tgFPQE fi 61rd gﬁ%#di ng
silicon. Bwfamrsage Bizepufpodes goiii tisi $ njesgnipptedon nt ohehérvesi murdadex
of the gri,ndi wheel are preferably.in the ran of .5 to 7_mcrans, ,and
nore pref é"l’saﬁﬁq% ishu?%n%cﬁa %no‘?h%a?od%wrﬁ%ﬁ oS qiebtlr‘ﬂﬁt?ﬁiYepﬁtl :étfh t
grindi ng whealidls ithfekkhéosastl édeh wdBsr g @uibechngi down gheavakerhan

t hi ckness (otherwi se.referred to as the grjnding speed) is in the.range of
about |1t GRS SRR BT et Gt Torbl b S ABbUPT R8RS Ghe per
m nut @0 Thpdrhiel td el NEe QREE A hONC K BFVESSs SoSMethd dRf &R gkabswit! ke t he
waf er, pre _erabl% ﬁ_’gwe,en 5-20_m crons and nore_preferably about _10

m crons. Migk @ IHRT sPB ot RREET NG r iRl YRE @D parAf uBRh&FPRE 16nI Fhe

singl e spiindle AN KH 106k 8 wheebe NBY e Usthd 06 f tasohit NgoBLbBEI N
operation w thout departing fromthe scope of the invention. 20 Preferably,
the damagdiGiRnSy Mfroe t htnahckhichpege s aRUSi §OP f 7eAnBi¢TPeduced

between the | appidil SéE0-80d, t 08 PRhESHI 19 SliSPectl ot hecthBeA Ndi Ng
operation, particulate matter is renoved fromthe front surface of the

waf er 15or Flaabing bio arempventhonsl ve eantieles candgdebsi at Aepozs tee jon
known 10 thas&dfbt Nerdthttnd hé%iééﬁ?%a«sﬂ;&fh%foﬂpt fﬁé ,egéﬁélégh@r% TRy

f
damage fromthe back surface. te etching soluti used so haot t he
cl eani ng d$thep wadliaw eks rerabi bed hée. @ smedindedunty of @anvenfacseilaledge

30 g er) SR (A0 PRSAL €8 Bt Y SR Nt e h R Ao bl B
pol i shi ng cperte i vt € oadiwal gurefgr fedther gerddesdirgi de pol i shing” or
" DSP")ZOi n whi Chrlpemvrzlafé'lrﬂffgeéhgﬁepf)géééhﬁq a conventional lapping
apparatus (not shown) for lapping the front and back surfaces
to reduce the thickness of the wafer and to improve the
flatness of the wafer. Reduction of the thickness via the
lapping operation also removes damage caused by the wafer
25 slicing operation. The lapping step, however, creates damage
(signature damage) on the front and back surfaces that has
different characteristics than the damage caused by the wafer
slicing operation. Suitable lapping apparatus include Peter
Wolters Model Nos. AC1400 and AC2000, manufactured by Peter
30 Wolters Corporation, Plainville, MA. The lapping apparatus
preferably employs a slurry including an abrasive, such as
$lumina or silicon carbide, having grains sized between 5 and

30 microns, and preferably about 15 microns. The lapping



WD 00/ 36637 8 PCT/US99/ 27513 2' 0 MAY 2~ sinultaneously to inprove the

fl at ness of %pe fer and to reduce wafer danage on the front and back
surfaces. TR ﬂ%$87 damage is reduced about the sane on the fPERUSEMISBack
surfaces, but the wafer danmage remai ning on the back surface Sékghg&eghfr
than the wafer damage on the front surface. The wafer danage r ining on
the back surface facilitates Bettering org the back surface. The sane
apparatus nmay be used for both the |lapping and the DSP steps, such as the

AC1400 oropbeafB8R0PeraoBENe geedddeathiatayenifiendSH SppAspbySmadLekngl ydes
pollshlngﬁgads nmount ed on rotatlngrplates and_an al kali_col]oidal silica

slurry (pBYFRhRAGRRPHFr§f SQppRlePiF e FRE RFSFCTHPLY 3Rt SiPr 8Bl e
pol i shi ngmpagenk ek udembiodal bHoEheH12 i ihPWise £09: smhuUf pgd Ul gdp bigRodel

Corporation, Newark, DE. A suitable slurry is manufactured by E.|. du Pont
15 de NenBBP3TaRds chemgHasr magerisdd L sty mafernet porratepppebesphbyy

removes apoHfedfd- 30aAlCHANR I ropaf e WGRness. ﬂ&@fﬁépée/ioﬁhsft@hekness
is renoved at a rate_of about .5 t4 3.5 mcrons per nute, nore preferably
about .5 €ONYPERtEPBAS PHaPPANgUBPPaHRE IS ktleorapraaeny tenbhesenear|y

all the 2 e;fr t f Lant AES, i Vil 0g mount of
damage ong¥ﬁgﬂg§ctﬁsgg%aggtfgg' g?#%{lngE%ﬁ?%%f:+€@ﬁ%€lf%g€§%garent to
t hose skifieedrihedhe art that the thickness necessarily renoved in the DSP

step will gene y ry_jp.rel ati i the f usegd in
t he | appi ng stg%%éZgﬂgh%?Fgﬁggoghﬁgigﬂééhﬁé]%§m§¢%§%§buﬁﬁg§€§8§%agg on the
back $0rftbeni sleagednandf plexiedatiror ifiche agic stdickdy ngppavatss (GpSF),
whi ch i ndigcat t he densi of:_danage. sites on t.he wafer surface.
Conor al 1 y=RGVRE) L GREDR, Hie° r SR Bt 48 P s HREEE 14 5EERestpabe
for facilat8ihaggBehtiengngpekat3odn s taieryd ithe ddwadd Sbncohat £Eontt he
back surface_.is increased, by usi a larger grain |apping abrasive, such as
about 15 FREFBRCaf BPRGOGPHI HEE dRPHAIT SRR A 10| ST ORFS SRAFFEaRBEnt
of wafer thiekness op the WaRedt.ep THIWumsgabswitthe VB2OR/ 36684c8 is

rons. This_relations wll be aggarent
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fronlfae iﬁgﬁpFBEaﬂFsgggégﬂ Eg%oﬁFQEsﬂﬁﬁ@ﬁ%ﬂﬁ(ﬁ%ﬁff%$g%oun?h8nfé ack
surface fgriadiygi §pbaghplisCdls Prafutdblhe deatoeesnobonil 10009cand 40, 000
counts per sga?re centlgeter,,b t the 5 desired nunber mnll,va%épgreatly
dependi ngSBpBRLEhELEEPIFEZENGH n@%ié‘%%r@%’iﬁ?‘éﬁent%.s"rﬁa $L8p
flattens ghenwahgr apfazatlidl A@Smaifadtud 1B 18§36 €oi-PoshBEbR, SHRRAGE
pollshlngggrocesses. Waf ers can be characterized for flatness in terns of a

gl obal fl&8iaEas B, vupAski shepirada qrand Fex&hdl e, TS aRPPArEkHESS

vari athons (- ! r~La.ter f i S Lat.l . par anet er
(for gganﬁﬁgiagf%eng?g ?r%g%crg'tnedg'rll%;ﬂjﬁégi%easér%% ?é ‘:Té??/{é?%léggéﬂ% y used
t o nmeasurwogbobdriveat apdnddgs &liadn rowrtaictl foerrAcegbeneeda and ALK num

and m ni W%%ﬁl&hbfkﬂéiﬁgﬁn@re@%ﬁ“@éf& 'dOSJr# Ron fL 8glent Ly, ugedst o ‘fﬁgs‘”e

| ocal site Tlatness vari on, I1s“the sumof the maxi num positive an
negati ve wadeat iendrawnt by yacfare dgeimstrs |chuelh of aheuppbsr tebiea

f i i I} el t f
|t or soct Yoo EpEORRRERReb e s MRl Cr R SPLREE Che) OBHERT SRatille
det ai R6d dpposiseosuefatke faltdmartere zaf | e ofrivad eng f Watakssivanpbeskdund

in F. Shinuia .SenLconductor Silicon Crystal Technol ogy (Academ c Press
1989), pp?‘”e §119880 1Ry, exanpl e, a conventional polished sem conductor

waf er typicall gswehke Bav@ddnglWheel is rotated by the motor driven
spindle, the spindle is lowered along its vertical axis into
contact with the wafer to grind down the surface of the wafer.
30 The vertical axis of the spindle is offset from the center of
the wafer so that only a peripheral portion of the grinding
wheel contacts the wafer. While the grinding wheel is in

contact with the wafer, the wafer rotates around its center to



25 Iexce'.edi ng about 1.0 um and a STIR (back reference center focus)

“exceedi ng about 0.25 umfor any 25mm X 20mm site. The nean TTV and STIR of
t he waf ers WP0B663Re DSP step in the present invention is si RETVEATIY

| ower. After the DSP step, the front surface is finish polishedgﬁnw ?qa a
conventional polishing apparatus. The finish polishing step sub I'a @
elimnates the damage in the front surfage and thus reduces nonspecul arly
reflected light fromthe front surface. Typically, about .1 to 3 mcrons of

WD 00l 36 R %g@gr ; 0 fgﬁ r i iSal din the
front sur asc%ﬂf)pﬁ%s I ng %tzgéalégggﬁl\éﬁn t_tg ?Aﬁ%ﬁ?@&%‘? cﬁéerfé)&re'errai ni ng
after thdiBsSEBirGingioweeets uRess iy &heaosiingine mRpaird #us hat€i ni sh
polishin Qﬁﬁ?b e 0 d HHH? NeSshPf It is
W t hin t%elsésﬁé(;foe 0 %h?lélﬁi %egﬁh&dn%ﬁgﬁit t efeCi ?frlont scgrqfarc&gd%ﬁ}ﬁéel
pol i shi ngkrewp. tEXAMPEE skilded S itdien asdbmiaso nwks ied e syeed makwdshg a
di aneter f%@{@% r d r.cli t Q.the 141 rated in
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the fine wgte nchmge opr abi 0o o miemons ,amrall didrde mate fldedl yni 6 otise ofange
t hi ckness Erﬁ%h% waf er. Each wafer was then subjected to the DSP

[ [

oper ati or® hMh559ES5- 6 microns were renoved fromthe wafers, an

appr oxé mat el y Heglatatsoant wheichg themepdchdimgmwtee I riht i mheld beckasdirdiaeces.
20 The A SF.count of the, back surface of_ one _ wafer was asured at 20, 000
per squartPient TOBISFLUALER PRETDEPSOIBERT Ghi URIAD (BT WERT | n

second enboféresd ©b 481 Shenyeihidimes kpaed)n id din £hd headd@eograpsina st ep
is omtted. 1n this second enbodi ment, 25 slicing, ultrasonic cleaning

edge proff® ity BHEFPRPPPRY BLBUSEHf Gt dHE BRREY (PRPRE f 7 spicrons

enbodi "ender exteRte t hathbhe jakr 3%l iwge bddtddieor aRfhdiee /PRagAALB 1S
preferably between about 5-10 microns. The snaller size is preferred
becauk® ithiflerreesiressthanwgdesn trefansloedetren rekRi Rgcoons and

amount ofuad &5, PBLLELR, hBBLEMIY i@ IRIPVedd i d he ORP $h&Prsdhsq el s s
t hen cl eaned and then subjected to a DSP WO 00/ 36637 11 PCT/ US99/Z7513 2

0 MAY 2008 g¥Epdingi sEParatife hevdpadesey Fedingkehespindie ennddghipding
gﬁ‘r?]?gtcef Nhe P RaPBLET 8L §ReTREEE IO PN M PUp S L AR & PaRoLbe back
departing from the scope of the invention.

20 Preferably, the damage remaining on the back surface is
not significantly reduced between the lapping step and the
polishing step. After the fine grinding operation,
particulate matter is removed from the front surface of the
wafer, preferably by a conventional chemical etching operation

25 well known to those in the art. This operation is not
directed to removing damage from the back surface. A dilute
etching solution is used so that the cleaning step removes no
more than a small amount of wafer material. Typically, the
etching operation will remove about 1 to 2 microns of wafer

30 material.

The wafer is then subjected to a conventional double
surface polishing operation (commonly referred to as “double-

side polishing” or “DSP”) in which both surfaces are polished
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thereby rgeERY@TRIEL JHRt8d bad) WL HLE T ONENnS WAL Ca bR ©3s LRy PBEKused
"surface. "Alternatively, the differential renoval can be acconplished by

control | i RETt POtiottdrg Py rid ytlae PHR perrshischas. timcASi4@et Pye
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I nvent i on3ake maeiHopebantnDiles, afypat paepssab By Wbsuit [l fed Mbershesent
invention is significantly nore efficient in producing a relati veI%/'hLI at
0

vaf er havPRy BEERTES si'de dAPRgE-RPEREEErPHY SPTREES MRAT YRttt
el i m pat egahbgeC FRENHHNF r HHOCHSSE Ae ST HRL NECESSH Mg t Sorkd eahSudangge on
t he back surface. Danage that is conventionally created on both surfaces

during | apgfags SMrdseRaek ofY FRCdaERY sopt BRI U $HeEHr ockBsVREL TRe

i nventi onaLeduees MPGERSEN0sk] MPed0iRCERYSErE teighd Mpates:itigep8ed O
protect the front surface when the back surface is processed. Mreover, the
i nvent i onNBEEEFEEE 1y ameve@l infike RePestercaibt genebrklygi viRrdakBge step
(whi ch de : LS rforged i o] 1.shihg. ge
o bui |t repreton BHRERhe S e TF AENAEE SrEeE B SO Pl Lo
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o rel ati VAR B St 1 a s oung: S5 “rulant LB R S ca et i Cha i RO
the 30 prdfoasred erthichi nemfis¢atéereoé, deheiaytof| @smigd , sivad, oiit ke
wafer surface. Generally, a relatively high OISF count is
preferred on the back surface for facilitating gettering. In
30 this invention, the OISF count for the back surface is
increased by using a larger grain lapping abrasive, such as
about 15 micron alumina grains, and by removing a relatively

small amount of wafer thickness in the DSP step, such as about
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defined b e ended LOs. 00/.36637 99/275 D MAY
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waf er shﬂﬂyﬁﬁ&candx@@ngoe coystalpbmgeQuam@ h@wtmmdﬂaru huui&ﬁmk surfaces
and a pe her a e co sing the s S, 4| r.der, (&) lapping the
front sgn alt:lf(eés r%%%g \gﬁ'lll a%gf grreta%i% Fgé’&@ l@ﬁe‘tprﬂrb s of the wafer
and to|rappmmha&mbﬁIam@eeasemeEerwqh&&enhhﬁslapplng step creating damage
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| appi ng Sétﬂmlﬂmaamgelﬁﬁltehgubae&espbflaemb@ @&da@‘gsésﬁt acwafe’:m da®)
srnultanggus A olrshrn e front and hack surfaces of the wafer using a

pol i shin TETHP évgthglﬁFgﬁﬁésénoFeFﬁﬁ Wit & RPalo flehnesshaf er

damage oRydAiestlind rpstamldebagkosueka 1e, tt&et\é@f hiGARGS ReImidH ke on the
back surface being greater than the wa qe on the front, surface, the

vaf er daneger ¥ emeéhi 11 BﬁrWﬁeOSaékleaefla@etrea PRy Bt Sthg. 2. The

met hod sqiadtidded N(£bAI BkAmpher esh tkh@oRRAC eSSk t@ld tﬁ&d/ﬁtgﬁr from
| apping up to and |nclud|ng olrshrng is free of any step per ornmed on the
re

back sur f@tE Mhiloh: i sSTHYt qupatiyr wegdokor Meapuam Shptiede & 1anemse
met hod sefy 00 *bﬂ“ £& Z’f% af @E? Bckhedamage ‘Pﬁ Ha%uma%&fngﬁﬁﬂgﬂhe

wafer is not substanti uce bet ween sal appi ng step and sa
pol i skh ng:-Istadnesses of the wafer. STIR, frequently used to measure

local site flatness variation, is the sum of the maximum
positive and negative deviations of the surface in a small
area of the wafer from a reference plane which is parallel to
the back surface of the wafer and intersects the front surface

20 at the center of the local site. A more detailed discussion
of the characterization of wafer flatness can be found in F.
Shimura, Semiconductor Silicon Crystal Technology (Academic
Press 1989%9), pp. 191-195. For example, a conventional
polished semiconductor wafer typically will have a TTV

25 exceeding about 1.0 um and a STIR (back reference center
focus) exceeding about 0.25 um for any 25mm X 20mm site. The
mean TTV and STIR of the wafers after the DSP step in the
present invention is significantly lower.

After the DSP step, the front surface is finish polished

30 using a conventional polishing apparatus. The finish
polishing step substantially eliminates the damage in the
front surface and thus reduces nonspecularly reflected light

from the front surface. Typically, about .1 to 3 microns of
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met hod set YWOO#3G687 cl ai m 2 further conprising the step of fiptwbspa7sshi ng
the front surface of the wafer to reduce nonspecul arly reflecteg%hbggtaag.
The method set forth in claim2 wherein the step of lapping is

a material renoval rate in the range of f - 20 mcrons per mnute. 6. The
nmet hod set forth in claim5 wherein Iapp %g slurry used in the | apping step
i ncl udes aI si ve naterlal r SIZ in t range of 5 -
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further gg the fer t hi ckness Qy abqut ,5.- 20 m crons %

si nul t ane PShI &%ﬁ(ﬁf&tﬁﬁQﬁﬁ e R RS |%ﬁm y588ut 10

- 30 m Crp0$a.s&:1.né etelo thacf nyeme&mmg t smg'mwmrfwﬁﬁwl b£edghérom a
single-cr ot .and Vi n ront and k surfaces, and a periphera
edge c%np%?%?ﬁg t hé& §Fe&s} g?ﬁ% %g)gk IYSRTPR HeP 19Bht BRY back
surfaces @fohBieswefacet (fﬂrﬂ.@!ﬁ@dlfhfsﬁlhigﬂﬁt%‘pi of the wafer and to inprove
the flatness of the wafer) the | apping step creati ng damage on the front
and back surfaces; and (b) sinultaneously polishing the front and back
surfaces 10 of the wafer such that | essawmpiger material is renoved fromthe
back surface than the fraont surface by pO|IShIn the front surface at a

hi gher t enper aF&fE eeRmaf itlieFhEes ROt ahe » @Ry aekRE n*ng on the
back surfgegmaeiendogr SRldfim,! éftﬁrcyx?ésesrecg gth;%ftrr?é't sthbace, 15
the wafer danmage renai ning ck sur aC| I tating Betterlng

~ ~ 130" ~ijlustrateg izm Hgg]_L—and Qﬁsc:pbedlabove”as the first

embodiment. The lapping operation was performed to remove
approximately 80 microns (40 microns on each of the front and
back surfaces) of material from each wafer using 15 um grain
lapping slurry. The front surface of each wafer was then

15 subjected to the fine grinding operation to remove an
additional 15-17 microns of thickness from the wafer. Each
wafer was then subjected to the DSP operation, in which about
5-6 microns were removed from the wafers, an approximately
equal amount being removed from the front and back surfaces.

20 The OISF count of the back surface of one wafer was measured

at 20,000 per square centimeter after the DSP operation.

SECOND EMBODIMENT
In a second embodiment of this invention shown in Fig. 2,

the fine grinding step is omitted. 1In this second embodiment,
25 slicing, ultrasonic cleaning, edge profiling and lapping are

performed as described in the first embodiment, except that

the abrasive used in the lapping apparatus is preferably

between about 5-10 microns. The smaller size is preferred

because it produces less damage on the surfaces, thus reducing
30 the amount of wafer material that must be removed in the DSP

step. The wafer is then cleaned and then subjected to a DSP
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ca]ca]ca]aaFomp&th&Fbamuﬂ(mﬂsnﬂnmﬂcaﬁcah@ﬂa351ng the temperature of
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U calU c relative to the temperature of the lower polishing pad in
contact with the back surface. The temperature of each
15 polishing pad is controlled by circulating water which is in
thermal communication with the respective plates in contact
with the pads. The AC1400 and AC2000 model polishers include
a control system for controlling the temperature of the
circulating water in communication with the upper plate and a
20 separate control system for the circulating water in
communication with the lower plate. The separate systems
enable the user to increase the temperature of the upper
polishing pad with respect to that of the lower polishing pad
and thereby remove more material from the front surface than
25 the back-;crface. Alternatively, the differential removal can
be accomplished by controlling the rotational velocity of the
polishing pads. The effective velocity of the wafers against
each polishing pad may be varied so that, for instance, the
lower polishing pad moves in the same direction and at nearly
30 the same velocity as the wafer while the upper polishing pad
moves in the opposite direction of the wafer. This will cause
greater material removal from the front surface than the back

surface.
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the damage on the back surface is removed between the lapping
and DSP steps. More preferably, no processing is performed on

5 the back surface between the lapping and DSP steps other than
cleaning the back surface.

As described herein, the method of the present invention
processes the wafer up to and including the finish polishing
operation, at which point the wafer is cleaned, packaged and

10 delivered to a customer.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advantageous
results attained. The present invention is significantly more
efficient in producing a relatively flat wafer having back

15 side damage for gettering sites. The invention eliminates the
conventional processing step necessary to create damage on the
back surface. Damage that is conventionally created on both
surfaces during lapping is preserved on the back surface
during processing. The invention reduces processing time

20 Dbecause it eliminates the need to protect the front surface
when the back surface is processed. Moreover, the invention
produces a relatively flat wafer because no back side damage
step (which degrades flatness) is performed after double side
polishing. Damage is “built in” to the back surface of the

25 wafer bec;;se more damage is removed from the front surface
than the back surface before the DSP step. Thus, the
conventional processing step is eliminated and the wafer
produced is relatively flat.

When introducing elements of the present invention or the

30 preferred embodiment (s) thereof, the articles "a", "an", "the"
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all modifications, equivalents and alternatives falling within
the spirit and scope of the invention as defined by the

appended claims.
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and a peripheral edge comprising the steps, in order, of:

(a) lapping the front and back surfaces of the wafer to
5 reduce the thickness of the wafer and to improve the
flatness of the wafer, the lapping step creating damage
on the front and back surfaces;
(b) fine grinding the front surface of the wafer to
reduce the damage on the front surface remaining after
10 the lapping step, the damage on the back surface being
left intact; and
(c) simultaneously polishing the front and back surfaces
of the wafer using a polishing slurry to improve the
flatness of the wafer and to reduce wafer damage on the
15 front and back surfaces, the wafer damage remaining on
the back surface being greater than the wafer damage on
the front surface, the wafer damage remaining on the back

surface facilitating gettering.

2. The method set forth in claim 1 wherein the
processing of the wafer from lapping up to and including
polishing is free of any step performed on the back surface

which is not also performed on the front surface.

3. The method set forth in claim 2 wherein the damage on
the back surface of the wafer is not substantially reduced

between said lapping step and said polishing step.



10G399F1094 ; @A09NNE () - | Yl 0%r& Y™ &SROYMES ()2 93 10U () -, 10%T&' () LibES ALY
LOGTNT=Ut U VXWKWUSK=

10!, %4 0%EES’ () - 3!, Yd0%&' ()- 3! 1940%& () - 3! #@A0%xx& () -! @a.05 915&' 7(0}30' ;
A@AO0% | & () - XSYYYYYYYYr S1°119% " 10% kI & () - 910%r&’ () - L10%T&: POBTMAYOR653
10mm 294.09%m&: () -!; 9A0% [& () - 3YZ[\\\\\\ }6as4 11, 109%& ()- 10 1

10!, 394.0%&' () - ! #394.0%&' () -: 10%m8' ()-" 10%r8. () - \\\£ A =aS4 1! Y9d0% -

& ()-1119%40%& 3~ (Theamueahed st 1H0gtR) 1B10i@M) 2 oTuTEhey - c@prisiapr2as4

119198 B RS GO 0L gurtace ot tog rer <

3+109%&’ () TetlmcE) mmct)m:@ylﬁfhﬂ@@ﬁd()mb&ccddda&_- 111 F109& () -
"109& ()-10%&' ()-F'10% ()- GLO%& ()- '@ *10%& ()-zd| ee(fbffg}[<~ =

11 3+F109& ()-!Y, y&#10%p& ()- !, y&#10%y& ()- ! SHSH10%HH#& () -

109&' ()-sSH#10%&'.() The method set forth in claim 2 wherein the step of

lapping is conducted at a material removal rate in the range

of 3 - 20 microns per minute.

6. The method set forth in claim 5 wherein lapping
slurry used in the lapping step includes alumina abrasive

material having grains sized in the range of 5 - 30 microns.

7. The method set forth in claim 6 wherein the lapping
step reduces the wafer thickness by about 40 - 120 microns,
the grinding step further reduces the wafer thickness by about
5 - 20 microns and the simultaneous polishing step further

reduces the wafer thickness by about 10 -~ 30 microns.

8. A method of processing a semiconductor wafer sliced
from a single-crystal ingot and having front and back surfaces
and a peripheral edge comprising the steps, in order, of:

5 - (a) lapping the front and back surfaces of the wafer to
reduce the thickness of the wafer and to improve the
flatness of the wafer, the lapping step creating damage
on the& front and back surfaces; and
(b) simultaneously polishing the front and back surfaces

10 of the wafer such that less wafer material is removed
from the back surface than the front surface by polishing

the front surface at a higher temperature than the back ,

surface, the wafer damage remaining on the back surface

being greater than the wafer damage on the front surface,
15 the wafer damage remaining on the back surface

facilitating gettering.
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