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edge polishing nethod and apparatus Field of invention Thi R FR 2
concerns the polishing of the edges of sem conductor wafers such as silicon
waf ers and apparatus therefor. Background to the invention Wen silicon has
been crystawlgesefhss Nt o | arge boul es, which are general |y sytGpsdfokggl over
nost of their length, the crystalline material is sliced into thin circular
di scs known as silicon wafers, the dianeter of each of which can be
anything within the range 25 - 300nm After nmounting in a vacuum chuck in
an edge grinding machi ne, the peripheral edges of the discs are accurately

ground so a§.4@.Pregce g@@@%&&@h@ngl hE&Ehas %%%%QEﬁéed on the centre
of the disc and a precisely formed edge profile, and are often notched at
one position around the circular periphery. Wereas over the majority of
the area offidildcofhenvéntwiaress is uniformand the two faces are parallel,

t he periphery of such di scs are ground to a trlangular section in which the
apex of the trian e deflnes t he out ernp dj anmet of the mafer and is
normal |y | dBaPed ™ HERAAS" bEPRERTS ne™g wia® ’a%‘*é’rfrgelo s SgBeeh@tdPeRl - |
order to opbndusEorheafrwﬁu$1a@t wses bl icemwadmnduetdrapgpevhces tsiredosuch a
disc, it is inmportant that the surface which is to be exposed to

photo | it hogr aph |§ da nge free and in view of the mcroscopic size of the

keF

m croci r cuPes 8 o Hed=BH+ERe wafers, damage near to the

ci r cunf er ewheal silmrbhaaemervm:rvhtahéléeétumcr darae mwmlkaceviniengesew t h
thfm' ncli ng@néyéi g da tfzﬁ,e@%osc@n éﬂ gniddiGantlghgepducepthe
nunber

evi ces mhlc Be nad mthe wafer. 1In nachlnes whi ch do
not producérgsbﬁehl%ﬁuﬂ?qﬁflé o&ﬁds ﬁ? h1W~~J§H£L91FQ%@$$4dl§QS kE}SW’DECEI\/BER
2002 wo 9sab~asd ircom~-ceafarans @hé¢ o dilaeettee! igfedesan f afesvidicht heart r bangul ar

section 'eaq'ye‘a% he w@aﬁpe&e%aﬁ nggesserobmao etﬁ%@ﬂ%hﬁ@&f% sh the

edges of the wa re It can he construction
sem conducB8FUIBVRINSS 1naR e eg@&d“é&&ﬁl Pl ’r%%ﬂd"hﬁ RESIPH3dr 6ddRRd
on~t he i ncbifnelge slirsfcacese |Badinagelly gheuapesq aist te produyenacessarytéo et ch

gggepol i shoa,sgphl QUARLi toerfe Rl 65k akhih QIS tOr OPhai ;3R Updarmged

precisely formed edge profile, and are often notched at one

position around the circular periphery.

Whereas over the majority of the area of disc the thickness is
uniform and the two faces are parallel, the periphery of such
discs are ground to a triangular section in which the apex of
the triangle defines the outermost diameter of the wafer and
is normally located midway between the two parallel faces of
the disc.

In order to optimise the manufacture of semi-conductor devices
using such a disc, it is important that the surface which is
to be exposed to photo-lithography is damage free and in view
of the microsgscopic size of the microcircuits which are formed
on the wafers, damage near to the circumferential line between
which the flat circular surface merges with the inclined
surface leading to the apex, can significantly reduce the

number of devices which can be made from the wafer.

In machines which do not produce a good quality ground f£inish

LT TGN

*166 166+
*G00002*



Tt is an object of the present invention to provide an i and
apparatuis for polishing a finely ground wafer edge. Sumﬁ%%gggwﬁﬁw

sinvention According to one aspect of the present invention there is

provi ded a nmet hod of edge grinding and polishing sem -conductor wafers

whi ch are transported in turn to a grinding station in which the edge of

t he waf er W&9%7084nd, and after grinding, the wafer is trpoEGyvoretsto a
buffer store whilst the next wafer is conveyed to and |located in the
grinding station for grinding, which £2urther conprises the steps of
rotating the wafer_in the buffer store an e,ngagi ng the edge thereof wth a
pol i shi n§PwhbBe| inghingd js4riaces, of ﬁh@r YThARgYL Ay pEecieban epdingsteei ng
ground, &hd aféer jwliisshengssthy pol étsdiecintdbftdien pol tswik addeshefsai d
next waf ehel JabLANSLECEEULL I oM [0 QAN AR b AiaeiBA BUM Lehystore For
polishing to allow a further wafer to be located In the grinding Station,
wher ei n FRBAPBEPXhARYISERD | HRAFRCReFWF A4HIGIHhH nigh wben t he
pol i shi ngrubeeéd ash thdeinel fieddger tycanddading thethkhapekeeitoist he

waf er ab I ingiden i I I . tangent  whic

i nter sec?gi}'%ge%%él%?%% ?c%% gc%n%neé\;/\ie%nh %ﬁg%l\ltf\‘/aﬁ e?ﬁg?\%%’ﬁg%g‘o“ﬁ;gﬁf% wheel .
The wor kpReeedervke tORHR g iafd wndapadere®88Rtained in a first 18 DECEMBER
2002 2a store and the ground and polished workpi eces nay be contained in a

second storg, aNBylbEE o theBERRMNNE iFSdTRn B0 Hrbiesent, 3a6LLO08 Of 2
si ngl e storage devr ce. e-rnventron Is particularly applica 0 circular
seni ~, conabhedrancthpppraratie ForfRelishing &ﬁ&éﬁiﬁrﬁ#?}l'égﬁ@rfﬁ§e§d%msh

station and in 18 DECEMBER 2002 WO 991 67054 PCT/ GB99101928 3

Summa of the invention

According to one aspect of the pregent invention there is
provided a method of edge grinding and polishing semi-conductor
wafers which are transported in turn to a grinding station in
which the edge of the wafer is ground, and after grinding, the
wafer is transferred to a buffer store whilst the next wafer is
conveyed to and located in the grinding station for grinding,
which further comprises the steps of rotating the wafer in the
buffer store and engaging the edge thereof with a polishing
wheel, to polish its periphery whilst the next wafer is being
ground, and after polishing, the polished wafer is removed and
the said next wafer is transferred from the grinding station to
the buffer store for polishing to allow a further wafer to be
located in the grinding station, wherein the polishing step is
effected by a rocking movement between the polishing wheel and
'the wafer edge by rocking either the wheel or the wafer about an
axis, coincident with or parallel to a tangent which intersects

the point of contact between the wafer and the polishing wheel.

The workpieces awaiting grinding may be contained in a first



accordance wth a preferred aspect of the invention, a nmagbecederedge
grinding and polishing wafers as aforesaid includes the step of washing the
ground wafer before the polishing step. The invention also lies in a nethod
in which the wafer is washed after it has been polished. The invention al so
lies in a method in which the wafer is washed both before and after the
polishing step. In accordance with a preferred feature of the invention)
the met hod includes the step of formang and reformng a groove in the
pol i shing wheel after one or nore polishing steps have been performned. 18
DECE 002 991 67054 PCT/ GR99/.01928 ccordance with a . preferred
aspec UTITe RBY) P T ARAL B AC AP RERERaP TR R SRS vt or s as
af or esidl dai rciconds ateret ep Bie wfdhiatg apd gecond wiiomeshahay ebehe

pol i SRiiFFeteRR. sdbC1ioMY SOt | LNy PAPIE | d&Srdde @ePREROD in which the wafer is
washed after it has been polished. The invention also lies in a nethod in
whi ch the wafer is washed both before and after the polishing step. In
accor Jheceiwerit ignprisf eparcdidebavle appilliicabheentdi aircuiarmgicdhdd i ncl udes
the st@maltber ghfgrgnd reformng a groove in the polishing wheel after one
or nore polishing steps have been performed. The form ng and reform ng of
the groove in the wheel may be effected by means of a groove-form ng wheel
havi nhe buffiagustsre ransraeiciritdly pemmtieeal ar wash detfda gt and §hOSS- secti on
the two slanting frusto-conical edges which converge in an apex, and after
polishing one or nore wafers, relative novenent is effected between the
groove-form ng wheel and the polishing wheel whilst both are rotating about
their respective axes, thereby to formor reformthe cross-sectional shape
of the groove in the polishing wheel ready for polishing the edges

of further wafers. According to another aspect of the invention, apparatus
for grinding the edges of circular wafers of sem -conductor materi al
conprises a store within which disc-like wafers of sem -conductor materi al
can be stored, a grinding station, neans for conveying the wafers one at a
time to the grinding station for effecting edge grinding thereof and after
grindi ng conveying each wafer in turn to a buf fer store and | ocating the
waf er on a storage chuck therein, said conveying neans sel ecting the next
wafer fromthe store and conveying it to the grinding station to effect
edge grinding thereof, a polishing wheel in the buffer store, nmeans for
rotating it and the wafer



18 DECEMBER 2002 WO 991 67054 PCT/ G3B99101928 4 t herein, nE??EEééMBEﬁEBﬁFting
relative novenent between the wafer and the polishing wheel to polish the
edge of the wafer whilst the next wafer is being ground, and said conveying
means serving to renove the polished wafer fromthe buffer store and

, sel ecti ng wobystober wafer fromthe store and conveyi ng ieclo®diosgri ndi ng
station for edge grinding thereof , before noving to the buffer store to
recover the polished wafer fromtherein3 Preferably in methods and
apparatus enbodying the invention, a slurry is conveyed to the point of
cont act betweerdainee whftdr aapdethered| aspeéany ahadle sovastion assimethpd t he
polishing getd gPIRLEAY ahd BE1RShL ARG FeNLels LEo kMl aRt1 @ LRef Or med
froma material” siuch as urethane or, sepi um oxide. Typically the slurry
compri ses SRCRI RAITARIGIG 56, SpPRRSr UBTST OPSRRTY COFECFLEhiRS GEcEhe
invention may preferably include the further step of effecting a rocking
movenent bepweenthe: PRl hebbngivwhesh apdntbrodefiar wadge bHer Qgkipgsgither
the wheel or th fer about an axis,.coincident with or parallel to a
tangentmhiEﬁs?ﬁ§é¥@ﬁﬁi§tt% Spg?ﬁP BPLEINEAct between the wafer and the
polishing wheel. In a preferred arrangenent the wafer and the grooved

pol i shing yheel; ,aLe. MUNLedof 9EeL0LAL IPNMaRRLE bRri,aent alhy FRACL; gpart
paral |l el axes, the wafer 1s supported on a vacuum chuck and is rotated by a
drive motoMashe@d bRth QafegewABE| 2F A Fhe P hi $n% S6RPby a second dri ve
means, |inear drive neans is provided to advance and retract the polishing
wheel rel atjv 85, a2 I lsatear, i n

assenbly o#hpgf%gﬁééﬁ?%ﬁgiah ghggggggg%gtggaéP?%eggoggghﬁgﬂg%éﬁgfhéﬂ%heel
about a velereed BGAss that SR Phof TN Ik FSEPTRIRS (ff GBPEVENiRhe

pol i shi ng vwheelonldremmavetyl afgageohbeot nedrenedl edgasy stadfs DEGEVBEEN2002 WO
991 f 1054 5 ggfégmégdge region of the wafer. PGI/GB9910192% ,In an
alternativé arrangenent the wheel and its rotational drive renmins:
stationary except for the rotation of the wheel about its axis, and 1-inear
transl ation nmeans is provided for advanci ng the wafer and~asaoci ated drive
and support neans towards and away fromthe grooved polishing wheel to
engage the edge of the wafer in the-groove, and oscillatory drive neans
serves to rock the wafer support and therefore the wafer thereon about a
vebrtical axis so as to produce the alternating engagenent between the
external periphery of the wafer and the ai des of-the groove as the wafer
and polishing wheel rotate.



Ref erences to oscillatory drive nmeans include rocking driv S
which rotate first in one direction and then the other abogiEga@?%g%é?aX|s
According to a further aspect of the invention, it is to be understood that
t he techni que of rocking the wafer or the wheel whi | st rotating so as to

al ternatel ywogasasst he two inclined faces of the peripherpcptidngongaf er
with the corresponding faces of the groove in the wheel, is not linked to
an arrangenent in which the wafer is nmognted in a buffer store on, or
associated wth, an edge grinding nachine. This furtheraspect of the

i nventi on eaeobdanneovpohr &t adeifgraednysnafer cEdyee piglvieshiing, nactaube@d n
which ei theyr t88e Wifi@lai9G &rﬁ@ leQ%'hl Nwhee2dan) adot-OsdRy iackegeslcer natel y
in nne direction_and then t er, a an Pgﬁ rlaé xi s. The

i nventi on Fﬁgpe%rgagﬂrbgﬁfg% grﬁ’uQSpg?gFﬁs FEP Rt S PRAdENPBT | SHithg i n
which there ie provided nean's for rotating a wafer, a polishing wheel
having a gm@vqrm%@ba faqrsoaq%@mdatanae&hsdp%l Rhgeal chem,@fkethe Jvaf er,
nmeans for tlng % W2%§%¥ drive ?E E for effecting relati ve novenent
bet ween thé’ Sgl SheF th EFePoPet£88FYengagenent of the wafer in the
groove, and further drive neans to effect a continuous rocki ng novenent

bet ween thQh@an%He%QQOhh%l@BGQHe§UQh1tgahethég DECEMBER 26802 WP-29/467054
eral rimof the wafer are

PCTI GB99/ 0192 f
engaged al t@PﬁSQePg‘?lB %& 2?“?@ F&jle?ing Sf pggésgmq &EPof the groove in the

wheel during the polishing process. In any of the apparatus as aforesaid, a

jet orificey %ches:«aaﬁée n@ﬁ{h tp gf@fé&@@mégt&@g%eqﬁ@t iRedveen t hgewaf er
and t he wheel rds. t he regi on of

engagenent "@Fthaé’PCJd‘ﬂff d"ht%hétSBI Pgh?ﬂﬁmb‘?{%c@% TEAOEBIAP NG PN ot Rer

f eat ure of thieepohismiricowheeh afifenneher appes @ols shinafasepsahaye degnoovi ng
tool is nowated-he4.engagement with the groove in the polishing wheel,
neans for movement of the grooving tool towards the wheel or the wheel
towards the tool, and for nutually rotating both wheel and tool so as to
form or reflTbemfolmiggoave refeireirmurdfcehedf grbevenioel thaNwdreelt eygbeovi ng

tool is a @If%ctémm} aqtataﬁg SR Q@oawnf;@ﬁniﬁg mﬁen%ﬂ%‘g amerl%tg%&awpport
for rotation there es,. in a t hods as

Lo bonrr SrehBsbEtAdh sERToh ARl b e R Patag it B s 18r TS nar as
t he poi nt oflashijagefewstbatondenlt ledagisooddhpobnyhiree wheal aged, tlaed

periphery aqfrckbbe pafighial |gast Qurnxdlga pPeLESPL NY r%mgagweabv&h&&@b%men
The i nventi alsggesm %/ t he thosalb foresaid in_wh

o1 ooving 1 GOReEEER oPEFREFT 0 RFRPTS- SIS GMoRs e b iRy AAHSEP f or
engagenent whigel ewhiihst obélh mamdreobbingt Rbogt obheir nredpeattivel aass,
required. Aﬁeeésyngot @o2mf Wit RRIEREDade %réé@—déﬁt&'&hh@nshhﬁ@ pel Lahi ng
wheel has ar%'oge 1n te}lnet pg‘ ghlngep‘.gk{]éelanr%atdvy\rofggr poflshplng H'xe edges of-

further wafers.

According to another aspect of the invention, apparatus for
grinding the edges of circular wafers of semi-conductor
material comprises a store within which disc-like wafers of
semi-conductor material can be stored, a grinding station,
means for conveying the wafers one at a time to the grinding
station for effecting edge grinding thereof and after grinding
conveying each wafer in turn to a buffer store and locating the
wafer on a storage chuck therein, said conveying means
selecting the next wafer from the store and conveying it to the
grinding station to effect edge grinding thereof, a polishing
wheel in the buffer store, means for rotating it and the wafer



18 DECEMBER 2002 WD 99/ 67054 7 PCT/ CB99/ 01928 grooves are1§P%§EMBE 2002
t herearound, each adapted in use for polishing the edge of er, as a
previ ous groove becones worn. According to another aspect of the present
invention, in a nethod of polishing the edge of a disc-Ilike workpiece the
latter is swowsemsd n position on a vacuum chuck for rotatPOTIGRIMES28I t S
centre, a polishing wheel of synthetic plastics material is brought into
‘contact with the rotating edge of the workpi ece having previously been
formed around its polishing surface with a groove the cross-section of
which is theersinpl eneans ofox heféagbipgorelatsvet movenert hepoeé¢rhthg slurry
ifs Sﬁppl | el ter tdhRA &aﬁ@eﬁéiiﬁmﬁ%mhe&ﬂt Vtﬁefpdlh@;hpﬁhézéﬂglg stheak f}adgfhe edge
of the workpiece, .and_the i rotated.so _that relative
novenent é@ggﬁ%:b%?%egﬁx?hggkéﬁi§%?d§pﬁﬁieb§3ﬁéﬁth%n%i§3led§89v?¥ﬁ?%alIy
the polishherRpshee¥ving ren areecdnthe PelifBed| vatey ofroh tbeabubfenf the
wor Kpi sce. élfbﬁ?ea%@?esélfec@%&bf'icé- ]Ew:?ihw@ﬁ ! l)k_a'ffEQ smrailnhet:hés d@ﬂo%r%lt i &fd
material is polyure ne.,Typica e . palishing slurry.is oi da
silica. vvﬁﬁik? RHQ:ﬁpgﬁbgheré%ﬁﬁékﬁét ﬁ?t5980§%6 gﬁfﬁﬂ?ﬂéiﬂﬁ%ggefgo tvanced
duri ng t hebgfioralimeyipgdeesaenbrhfar comuolPetedaasr Fheqolishedswaden found
nor e pref efadih aaHeG-eagdvance a synthetic plastics polishing wheel in such a
manner as to engage the edge of the workpiece in a so-called plunge node
and under constant force. A polished surface has been obtained in a matter
of a few rEygfismablyypncaekEpods aRe sPHRFaBRS 2emkpdyimonGhes invenBiQECEVBER

2002 WO 99 64054-yPC3/ &ROHEO2E Bhe point of contact between the wafer
and the polishing wheel so as to assist in the polishing

action.

Typically the polishing wheel is compliant and is formed from

a material such as urethane or serium oxide.

Typically the slurry comprises an alkali solution, preferably
of pH1l.

The method of the invention may preferably include the further
step of effecting a rocking movement between the polishing
wheel and the wafer edge by rocking either the wheel or the
wafer about an axis, coincident with or paralliel to a tangent-
which intersects the point of contact between the wafer and the

polishing wheel.

In a preferred arrangement the wafer and the grooved polishing
wheel are mounted for rotation about horizontally spaced apart
parallel axes, the wafer is supported on a vacuum chuck and is
rotated by a drive motor, the polishing wheel is driven in
rotation by a second drive means, linear drive means is
provided to advance and retract the polishing wheel relative
to the wafer, and oscillatory drive means acts on the assembly
of polishing wheel and associated drive so as to rock the wheel
about a vertical axis so that the two side cheeks of the groove

in the polishing wheel alternately engage the inclined edges



The met hod may be perforned as a nodified edge grinding o bfp
thereby permts the disc to be edge ground and then pollgﬁ% wﬁm#; still

nmount ed on the same chuck, by wi thdrawi ng the grinding wheel and advanci ng
t he polishing wheel and thereafter perform ng the aforesai d met hod. A
washi ng swg 4be i ncl uded between the grinding step ag %shr ng
step. Pre erzfgﬁ/g the method is under the control of a conp ogr anmed
to instigate the different steps of t process. According to anot her
aspect of the present invention apparatus for perform ng the aforenentioned
met hod ccgﬁ)relﬁie%d@ev%ggghcgycghéqr;af@ger ving and supporting a circular

pl ate-1i ke workpi éce rive means for rotating the chuck and therefore the
wor kpi ece about its centre, neans for nounting a grooved polishing wheel
and neanstd oanr atlaerngti;weaabaugetiiest cther athemdi samd ftat rotatidmakt i on of
rotation dﬁxfeo%ﬁé%hga%tgéi&ﬂéﬁ}oéféé&‘ £l 1R WSARliREC oN chOSuEg ON 1 N

whi ch t he cont act rive rreani r advanci ng retracting the
pol i shi nggi?ﬂt’é:ell%tﬁﬁﬁsng andy A negre bXBNE F‘I’i’gob‘of“ieé‘ﬁﬁnb vrﬁE@Yl‘P%dn%‘?c’é

cont act vddd‘artdiagedgfe ofafédme andkpseoelhuedp@in:ls;tu rEnduspos@s; wekhareans
for adj usidpg4shs Ataj'f% wgﬁgl f&atgéa o1 HY! rmg@t'trtgeagagé et the

nounti ng neans re atl e er “of the ﬁarat us

ensure t 1p89a IRE §hsovafer dRe ther sxoever B SeidAALgTYNEEL Ve Jreans eI y
al i gns widdrvieae slgeoak tile weaker eampport appdir aheseforehhdathec ompfersi ng

means forg r t lﬁ]&ﬁ’ n n the
wor kpi ece h}lr*%%lnhhggufélg énxslhl'vfllwé‘a el . e?gEPg <£;gz‘i:(rf’%t 52&2{; %w
i ncl udes SRIAGERERY Rﬁ%@‘?e‘i‘r&nﬁ @a:qegpa oPSLEB e’éﬁo‘a trll}”t‘f‘s wadRir and Lhe;

t ypi cal | wiidesaofopheagsenge a9 the walkert iami gholiwhing whkelgrobeed. wher e
the two will cone into contact, and neans is provi ded for effecting

rel ati ve _novenent between the poI| h| ng wheel Qe forgi ng wheel to
engage t RETEXGECEE tRe OFGEALAEOTM B tﬁ‘eén§ur1f‘&(1:8 Bf TPREIRY| dhYeRy wheel
to form angr dnieresheddich ndtatextfdmedl iperomphediredtidre drod nthen vitesl

corr espoRgiyag gg Lpea egﬁgépglaxigﬁ DECEMBER 2002 WO 99/ b7054 PCT/ GB99/ 01928
9 edge profile o poli shinhg wheel workpiece. the workpi ece so that the
groove in the corresponds to the edge profile of the In apparatus as

af or esai dceplrdipgl tshiendwiithelr wspeldy ofsithe fineentipn,alitexsertto ibe t he

formI ?f ?n?)é'rbﬂgéa , tNAE Y £ashANGUET SPRSEKISY enettaef@pfoﬂveaésmeé@y as a
resu 0

ol acti e_or re furthe qve n be forned
at axi al ngsﬁg’éatﬁgéf‘gr Sﬂsaf’hg{eﬁ?ong tg? éh exd?t &g'nee(ft her
t he fornifageahed tdre tperiphenni af t&h@elwatfrenod{ haﬁ@etﬁ@rﬁ‘p?mmw is
fugt helr E&@%amd the h@i‘é@délCe.er ekhbi wWehéatlexiirg hetweemkdsEe £6r rdmg \r/]\heel
and polishin an t c t hat the
appr bpr | BrEagasneat f PR et B HoutRla 18 dBUERECESE, OIE | 0
pol i sh t B& @@Q@Céﬁtﬁﬁe%hkp@c@ gPh & gdra@tﬁmﬂ i nidol Ferthey sl urry
to the palspébtrkﬂf 00 ipehelohl yan e uﬁe&r@brheaat imte anyz wheet aidgdi r ecti ng

h | d ed f |
nosztes. BOREHTPHCmPRH 5 gte-oﬁ‘,at‘i (FEEHEL PEfie (HELE Sot Tk IR B Gy
bet ween bﬁeaﬁépi:%@n 2 bmemc %ﬂ@&rl’eé@ orr«reriéreﬁeimr andhithetheel

rotates &hanbthéﬁnalbduta&teapﬁfwrﬂm wodileni ece, it may assist if the
slurry is directed towards the region of contact so as ~o be moving in the

sanme direction as the periphery of the polishing wheel at t he poi nt of
cont act . TBentavenkeign otherefang miae liss dn epparesnst fprswalerngdge

reservoi bo];mtsigiﬁ@e 1%(194&1{&11 tgﬁeif@r KEI qs::ﬁawrwelru t @ah#O fa'te zertg@gag d he )
rotation of the wor an in eel _ma e ed: SO t the
peri met e8P he pongﬁ?ﬁb egil('2 g n%%vng in“a é’égo‘\'/\g t(?lgeri‘en S at"Fhe poi nt
of cont astcemmodatindge thleur pgripheiml prdfecefd thewnwafen. t Reapandidon

bet ween t—BE EPﬁgrzSé%tétgm\@Qteldema tn{&%n%dgeroéfw@tw ki1aee vhrmiveaaite, SO
that a urr ai nec% in . the Egra reservoir as z%:foresal d
times duPPﬁﬁe%I the;i ngel an e er to effect engagement of
wafer in the groove, and further drive means to effect a
continuous rocking movement between the wafer and the wheel such

that
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action occurs within a generally closed environnent so that slurry ichis
spattered away fromthe rotating parts is collected on the walls of the
enclosure fromwhich it can drain into a collection sunp. Preferably neans
i s provi dwe ®eTeserai ning slurry fromthe sunp into a reF&NHEPPdmM whi ch
it can be drained or punped for disposal or recovered for re-use. Filtering
means is preferably provided to remov® particles fromthe slurry which are

greater than a given size if the.recovered slurry is to be re .
B of e abPPORELHS Tatas ot kg Por-BBRERToFTmeot ! ol SRIeruirs PSS e
nozzl e whiebrhacd Udasy arppostidel gelifams radft rtde isvgfene pbl FRdi sgedreel to

di Sengag‘ﬁ‘ni Enk O dNeMankPiacepbl i EREngVeRbeEBal the slurry flow ceases or
drops below a predetermned flow rate. In apparatus as aforesaid, where the

poli shing wheel is polyurethane, a preferred slurry is colloidal silica. A
pr ef er r ednnanerdfaltheopppéeatpss ihiaf@nfradld. i & per iridiisanés Tpeatgpar at us
as aL or eﬁ\%@ 7By t%%nﬁgeigignag\ﬂafegfgﬂén@{mgommetlﬂdﬁ maclhBaa{ae Semre
grindi ng wheel s are gdvanced un c ter. cqontr. in n3agenent wt

the wor kpheed«t &8¢ fdgc‘ftec&ﬁn?niatigm(%?ggflﬁlrgh%oé"ﬁgﬁiai ﬁ%‘%o?et 61gmed%fl';e, and on
whi ch naehyagehdnet poi ilshistgduhéry Fbheabsdiabing eetowm$E -t he pol i shing wheel
agai n under conputer control, is advanced into contact with the edge of the

wor kpi ece after the grindin I ocess been conpleted, to perfgorma
pol i shi n§CSPEGENT Vifferdd "gcﬁ%ia Kitig O%}e < dV0EAPRY oY e %é i 7t ng
machi ne, 8 a8l ndi ngravhealidand gebéshiqgosheals amynbed npuntedagamthe sane

wheel head assenbly for rotation_ by a co drive ans such as an
ol oot 11 Griy APRUPTROTE hdlrabPE RBERT “hocls BECRRBER S0 081 67084

PCT/GBthQ%QZBgllool towards the wheel or the wheel towards the tool,
and for mutually rotating both wheel and tool so as to form or

reform the groove in the surface of the wheel.

Where the grooving tool is a disc, the latter may be mounted

to the rear of the wafer support for rotation therewith,

The invention also lies in any of the methods as aforesaid-
further comprising the step of projecting a fluid slurry
towards the point of engagement between the grooved polishing
wheel and the periphery of the wafer at least during polishing

engagement therebetween.

The invention also lies in any of the methods as aforesaid in
which a grooving tool is located in proximity to the grooved
polishing wheel for engagement therewith to form and reform the

groove in the wheel as required.

According to a further aspect of the invention, the polishing

wheel has a significant axial depth, and two or more parallel



Where the sane drive is used, the speed of rotation may b%o‘é\%ﬁh@ék 2

bet ween grindi ng and polishing as appropriate. Furthernore, ere the sane
advance and retract mechanismis used for advancing and retracting the
grindi ng wheel and polishing wheel, the conmputer is further programed to
alter the feed characteristics fromwhen the grinding wheel is advanced, to
a const arwoPH78¥ pl unge node for when the polishing wheet "FEPIPHe ysed.
Since the grinding process will produce a considerable quantity of swarf
and spatter during the grinding process, the grinding process is preferably
carri e, ol ol LBk Ned &l Ml SRGLOSHI S, AP e Phelel [ e anangepent for
t he polcfs I'ng sfep, an vfinere the sanme enclosure is used, preferably a
washi ngetst egaesof ndiaudedebet deen RIRY igrisndrAgYanikE eIeiSsHPAY- st eps so as to
wash the interior of the enclosure and nore particularly at |east the
surface of the polishing wheel, to renove any traces of grinding swarf,
before the polishing step is perfornmed. In addition or instead, a

prot ect | decardieve b ABRLEYY ABEYeHe pfoitfedProtentovierviengirhe pol iashi ng
wheel exgephodhen tgaeibaihgr the teide oude avpid-allke f@rkpakishichg, so that
there is;ljittle. or e _of . grindj ri,fipding its way onto the
surf ace (l)?h%%% _lp%lsls%r%gla\r}%egﬁsﬁéfleog S %&%@rc BT %%l‘gs ort(ﬂfd§¥‘t he

pol i shi ngbaweel tdurdengrehe Gr PR FlyiRY eyheehe fhr orfinef ienatloswriesi s

pr ef er abhyt@peaklse basdghpviatl € detderc et hothef rdthe igenpugercakher the

gri ndi ng_proces : y hi ep.has.been rfornmed to
expose tﬁ‘gﬂg ‘?CZ {lﬂaﬁu\%ﬁ?%ﬁ:@gﬁ%ﬂg??o\%@?&e flggfntgér Bf?)g[?r%v:étsl rfFOglﬁS?lg“gm i shi ng
posi ti onsu ¢ n¥éhbi ch AFPPVROWNSe HESEFIBREti®y RAy “Bfickxabhpl &hewi t h

r Ief er enceorﬁ[]?lénhﬁ*lt?@(fome%dg’tg pdfoiilRg® £i Bhwhdcde, B gol esting sau@}r?gr a/mmti C
el evation_o i shi wWash 1 99/ 67054 P 99/ 01928
12 station sfu(ﬁ)l&%g ?’% lgtgenbl nat iogng)?mg'tg%ga \Aﬂ%‘gér)g%cf\é}eg ?éh%tl‘lnngg dPpar at us;

Fi gure 2and Bhei ggganedt itd'a FPPIRAESS en2Bf &pparetishénghwhselshdan in

Fi gure lioeatbdisgUtRad el idicagbapnehtCeXiets ibetekevat h@holsbavhgy a

nodi fi edwkrlreeeclh Q{dsrph%oHiggugéﬁg t he polishing wheel to execute an
oscillating notion. The Invenfion is applicable to the polishing of

sem - conduct or wafers whi ch have been edge ground by an edge grinder such
as descriyectdinyUKeRat emsl iSpacid | eakiean No. 23daA585. cdherappar atHs
illustrate I.aQr ' ' 1.0 . ' usj ithin

whi ch i s(5 lgec%tle g% %%@ilézryréofzﬁ':ﬁ gduégk lggggédm%gﬁugﬁngdoaép% g’a‘lt$8¥“' rotation
about an axis 14, and a urethane polishing wheel 16 nmounted for rotation
about pargli®illgxicelBynthetics plastics material is polyurethane.

Typically the polishing slurry is colloidal silica.

Whereas with edge grinding, the grooved grinding wheel is
advanced during the grinding process with a controlled feed
rate, it has been found more preferable to advance a synthetic
plastics polishing wheel in such a manner as to engage the edge
of the workpiece in a so-called plunge mode and under constant

force.

A polished surface has been obtained in a matter of a few

minutes, typically of the order of 2 to 4 minutes.



A shal | ow V-shaped groove 33 is fornmed around the periphe
pol i shing wheel 16. The wheel and the wafer are rotated asé/D'Q% A{BIEEeZOOZ
novenent brings the two into engagenent, so that the triangular section
peri phery of the wafer enters the groove33 around the wheel. Both the wheel
and t he wafwp 9f¢7as4 Ot at ed cl ockwi se, as shown by the arr owSyce9nidat there
is contrary notion at the point of engagenent. A jet 20 projects a fluid
polishing slurry downmwards in the diregtion of notion of the peripheral
region of the wheel 16 which will engage the wafer 12. The slurry may
typically e aﬂtablﬂahéy el petrOormdd @pd b nwwdhf tal kedbdalrisidinganda@vimg a nmean
article I I sleur r uhgspl 50

P %b ﬁ e}?"fﬂezfnﬁtsexé{@ 8i8cS'd e Jﬁﬁi tI?%Rm)te

manuf act ur e Cl ariant. and dil uted wat er

fromthe v%qlérs eé wBeéee%Pe}lgf“e&v&efio%%em| ch 90 fg PECEVERR 3902 WO
99/ 67054 RGd CBY9MAi18P 8whdel otaatdabadvahoinmg anhaximl24hifkgl| athieed naxwenent

bet ween f Oéﬂaféef%ee%e%m%goehss@f@eeg@f&lmelﬁoér i a%agﬁa%gegeepq{a§ he

wheel 22 into cqntac ei_l 6 d into the Qoye 33 around the
wheel . ThPSHeMPHerd PehugR? 51 1 h§tFRedl 9% %Olsl PErStePt he

peri pher al cross sectional shape of the wafers such as 12 which are to be
pol i shed 21904 d My &ohgsmr{&e’m M@lé %@nt@§9 BY formna,ddie wheel
22 froma ria ep0|sh|n eel roma conpli ant

mat eri al siti‘tqgrés““‘l?ﬂef-ﬂah%s“t%egr £51rotnat e hédre REPFE®R- formed or
re-formed due to the engagenent bet ween the form ng wheel and the groove in

the poli S*]nld&%féﬂ% g to%ﬁhé’# BEFB?}U YE ditk th%sEHF nlrﬂfén?ﬂ%ﬁl &lgaréélf‘s[e may

be provide non-r ot at abl e turni t 00
chai n- dot tTRF RRTHFELNIWREN alfﬁrﬁﬂ'@l“&tlioﬁ‘ﬁd §‘e§PP€IaBP'éP1 I$&Hhe dT3B¥Y on of
arrow 25 ichwrkenfagemeceivity tarel weeebol€ihgr & ocirajaor peaternikey the

groove 33. wcﬁ_hgﬂ e2 Shoys obhfsapparaidss i9fy FheWiRick a[{a rm@%eesw dérbeand from

above. 12 is own nounted on a vacuum chuck carrie

spi ndl e 28»'%1%3}&?8. rﬁkmtat%%% FFRE TRot OREARS  ERF GW&PHrn?rD&nt%'EPQ)‘f? he
shaft 28 (pdm:pdl—amg eheahesid 2@an$ fargrovaciognsage wiveek 32s haantgla

profiled a da} t r t
cylindri C%Jf ace ofh%(é BEE fl %g%&mh(gg ]}/(?L%%I%gfll% ?ﬁ}{@v\% chdt Crt?s carried

by a shaf t*&atdnveh “rfﬁ’ VBF&PF‘BﬁebSP &%Fﬁﬁl% l“rﬁél%ttd}eYBBl?% Bttt ed on
a slidewayanthdts datesr akebyssfodagvarnicieseahdngtundeing hbeassl zhiofg an air

cylinder 38,80 Ggodd i f%%n%”&%ﬁ%ﬁl&ftﬁ@ep&@{ﬁ{mgz Wk the gnqove 33
or by appropriate axja m)vemen% 'é% nmeans .of apot her "drive 40, in the
di recti on GIM%ARE YEFBW P2 2986 BF BT ‘@fgﬁb‘ﬁ% bRUSER PALYRIFAE 33 and
t he groovearddrmmarg Wireeladi2st ing8 tDECEVBERN2002wheel relative to the
mounting means or the mounting means relative to the remainder
of the apparatus, or both, to ensure that the groove in the-
surface of the polishing wheel accurately aligns with the edge
of the workpiece, the apparatus further comprising means for
supplying a polishing slurry to the zone of contact between the
workpiece and the polishing wheel.

Preferably the apparatus further includes a forming wheel
mounted for rotation about its central axis typically in a
contra sense to the rotation of the polishing wheel where the
two will come into contact, and means is provided for effecting
relative movement between the polishing wheel and the forming
wheel to engage the edge of the forming wheel with a surface
of the polishing wheel to form a groove therein, the external
periphery of the forming wheel corresponding to the external



WO 991 67054 PCTI GB99/ 01928 14 The notor 36 is nounted for pj ion
about a generally vertical axis relative to its sli devvays,&g%%éwgd'zﬁggéezr 44
is shown extending fromone side of the notor housing acted on by two

pi ston and cylinder drive arrangements 46 and 48 which are selectively
.suppl i ed wwbtvektosd d such as air via a valve 50 from an arctT/cB®®B8. By
alternately supplying fluid to one and then the other of the drives 46, 48,
so the pistons are driven in first onedirection and then the other. This
oscillates the lever 44, and therefore the notor attached thereto, so as to
produce a edaki pgofiblieorwfabor wWhzkakeseofsqi vbat nghel demldve tite pbeéi shi ng

wheel and g&ivénhaspenb¥li ScodiddRfhddy ¥BpPefha@nddqaveprBEY0d i B agRd Which
transfer the pivoting notion to an axis which extends substantially through
the centre“OF"R4& ol i shing wheel in a generally vertical sense. To this
end the notor housing may be nmounted between upper and | ower arns which

protrude ther efgpamatisa Hr wabdesense aheyepandsRehPWwhbel Paldys hhage wheel
16 and vertically pi vot_ bear ltg%s are QVvi ﬁd %%t?gve and, bel ow t he
a

al i gned d £
wheel to wWhtEN I8 %%‘lﬁlr'ee’éﬁnacﬁéld dE3EBURE hit¥RTRRR ariCAEE T y can
swi vel to ef¢egroohedr seking mereafofwedns wway 48 pelxdsule taf t bee waf er
12, about p&e;Maidd eekigxts, Jhe SOGHRY fRther gobbededeel Fapksa of the

tri I ti | . ed .eqi f t f 12. F h i
el evat on 3 FOIRLLLIBF TS ONERC o3, CRatRt e R BRP R I SABar S o |
execut e ancbswithleat e frowmiicg vhéal iore the phtisking wheel shoeth, die wheel

i's provi deghdV bBph PR 9 094K 33 MR AR i t B8t 1WREHIQRE REEQDER: WOr N
the other cap be utilised. Here_.the wheel 16 is on shaft 34.and

mount ed,
suppor t ed BAFFIh BHYEE BF oFPHET iR 63“%?8&?%1%&?43%?} and
hori zont al bgtvrmralthel liagtekheandt ahe ovarkpkéese ofo ttHetwather apphepshafd 34 i s

18 DECEMBER-Q8R2 MW Q129/ Si7054 1% ragHaN 811681 nigh wh@bat ik 0N eRy1 Gd®iQs (ot
shown) . P@QS‘S‘%QZQ Proisecltgl nvg) q%mrds fromthe slideway 64 is a

spi got 66 0§PE8 3F ded® AF¥F ' IHGEFed al ternatively by push rods 6B)
70 of respective air cylinders 72, 74, which in turn are nounted via
supports 7ehomeans! Edalheihakg £61i5Rihg ahalryTeneskat,Afi shiggPide, and
hence of the | i der% IS conttrob_led b)é a notor. driven_cam 78, sych as an
eccentri c,p]%é%r&é‘glye FHIESt a1ablt 82Ram S| IS 80T 83 THUR% piidl es 84,
86 are consletd towarfe phatedgss.off fthepeaoxkbdacer ot ati on of the cam 78
causes spigot 66 to be engaged alternately by the two rods 68, 70. The air

pressure P_in t cvlinders is regulated such that the |lateral .farce

exert ed OHTW%E¥L?|%%%(% 5 sogoﬁg%%}rﬁs, c?ler é:rtdltggss Fh& YRR the

di spl acenesnaldf rdwicy|dhdepntaris. which exists between the polishing
wheel and the workpiece.

Where the polishing wheel rotates significantly faster than the
workpiece, it may assist if the slurry is directed towards the
region of contact so as to be moving in the same direction as
the periphery of the polishing wheel at the point of contact.
Since the groove within the polishing wheel forms a small
regervoir with the edge of the workpiece when the two are
engaged, the rotation of the workpiece and polishing wheel may
be selected so that the perimeter of the polishing wheel is
moving in a downward sense at the point of contact so that the
slurry can be projected down into the junction between the
peolishing wheel and the edge of the workpiece from above, so
that a puddle of slurry is maintained in the small reservoir

as aforesaid times during polishing.



18 DECEMBER 2002 16 CLAIMS 1. Apparatus or waf,fer edge p I I~.. which
thez~e is provided neans for rotating a wafer, a polishi né%ﬁé‘%"ﬁ&ﬁﬁx‘}?%g a
groove therein far accvnanodating the peri pheral rimof the wafer, neans
for rotating the)wheel, drive nmeans for effecting relative novetttent

bet ween t hewoss/be®d and the wafer to effect .engagenent opclEgvoegr in.
the groove; ~ and further drive neaxts 'to effect a continuous rocking

i noveaeent between the wafer the the whgel ~ such that opposite faces nf~
the peripheral rimof the wafer are engaged alternately by opposite regions
of the suxbPeeBemdbliyhetlgs opudishitde adtdeln docwry whehipol askiengrpldgess. 2.

Appar at us B%de'e@ﬁﬂan{ﬁené'éB %Ha{& ‘é‘ih‘}'}yawh%h thé f\,\,‘%&%&d %%E/ef’rgﬁar to

t he region enent bet ween e waf ér directing a
fluid slurtge tlfﬂlﬁﬂtdélgt R&TF &gl DL %Hﬁ%gcérhetrﬂe llaRY e ieﬁﬁlf’ﬁ’ére

pol i shi ng prme;&smkﬁ itApparatasn atecos d ngotleddiannmstmpr claim2 iri which a
grooving tool is nounted for engagement with the groove in the polishing
wheel , nmeans for novenent of the roow ng .tool , towards the wheel or the

wheel t owaPBREGHRPIYOBEANE N REQYS toot GapFYLIRDEATRY Ht™h thge&M™And t ool
so as to fmmoac rejormirthe rpmoesd dn tthecaurfackxadhetiherwhesped 4for

Appar at us éyln%rl ?eEh@éP@:@ - Whi che & he grooving tool is a disc,

m)untedtot rear e waf er support for rotation therewith. 5.
Anpar st us aoeordl nc~ to any one oWlalm- ~to 4 in Wi o~ the polishing
wheel . hasraltserigry means tisaprafedapl y,prand detbtyrrefoveENAtHicl esUEESm 18

DECEMBER Zgﬁgzéaulry which are greater than a given size if the recovered

slurry is to be reused.

Preferably means is provided for sensing the flow of slurry
through the nozzle which includes an interlock for retracting
the polishing wheel to disengage it from the workpiece in the
event that the slurry flow ceases or drops below a

predetermined flow rate.

In apparatus as aforesaid, where the polishing wheel is

polyurethane, a preferred slurry is colloidal silica.
A preferred material for the polishing wheel is polyurethane.

The apparatus as aforesaid may comprise a wafer grinding
machine in which one or more grinding wheels are advanced under
computer control into engagement with the workpiece to effect
an initial (or finish) grinding of the edge, and on which
machine the polishing wheel is also mounted, and the polishing
wheel again under computer control, is advanced into contact
with the edge of the workpiece after the grinding process has
been completed, to perform a polishing stage.

Where the polishing wheel is located on the grinding machine,
the grinding wheel and polishing wheel may be mounted on the
game wheelhead assembly for rotation by a common drive means

such as an electric, hydraulic or pneumatic motor.



nore parallel grooves are forned therearound, each~adapt eﬁ’ebﬁbéﬁ%‘%mﬁ’&
polishing the edge of the wafer, as a previous groove becones wor

Appar atus according to ari~;one of clains 1 to 5 conprising a vacuum shuck
fvr receiviug~. anr~ .supporting the wafer, drive . neans for rotating the
chuo~~ai i d~gbysefosy € the wafer about its Centre, neans foscH@pioldrgy, ~a-
grooved polishing wheel for rotation . about its ceritraZ axi s~~ so: that
its direction of - ' rotation is bontrg;that of the ~rotatxoa . of - the
wafer in the region ~;in which they will take ~~'contact, 'drive means for
advane~. ngiten: reeie agdnmengdtihes piod | shed~gtbesheedovnt +ogs tieAN Iayo nabl e
the polis e Lontart dge er for

pol i shi ngh{)dl}%gg\gea% L)EEgegrrgi(;&rns farr%igénﬂptoﬁlgmfjgtl vegapdgd%gt \Ang%t bet ween
.the..poli.shing wheel and the taounting nmeans to ensure that the groove
iu the s Hdmaterobrehewpete shhagsahe ehdeammer adrel yealragnsmachdnidwe iadge of
the wafer ., fRpasgtuUSRRGALALNGdL BELYa NPT LhbaigHinkahg theglvw%né:h

, sa~.d furt drive nme -~ is produced b | east one air |nder

t he pr essuﬁ%“t%”%ﬁu whge; s FB‘@u‘F% RBY-So tha u’ffﬁéerr FOITBAMEE hieP
faces of ttie wated ihaGAnseanstiegarfadbessvivin t heedigsphdtegenheel t:hae

cyl i nder. ag%vd%ic%t hogl, of, edggs@shRdifd & i g10RbE ShioRe SAN - GRBFUGE R
Ich the

waf er s whi axe ~rarisported in turn to a grinding: station i.n
edge of t ReMELERT ¥hgRbLHR EARE 98 %mater is then transferred to ~a buffer
~s~are V\/mIst the next wafer is conveyed to and located in ~"th~ .,grinding

station f gﬂﬁ[%mdi\pfg gpoéégdg mﬁlcswauéee%hwﬁsmﬁa%&% q%ina ting

t he wafer |n er s e _an ereof v~ith a
pol i . shi ~g’ﬂ/\ﬁé’éFf apg S&?(‘}Iqeé’h PFén%e'% %meﬁh??%‘iess*dﬁéﬂ Jrinddngnafer is
bei ng gr oynthcealth-lis~preflerably 18a BEEMBRR 2i0hin a8 samaldr adhelofuald shi ng,

the polished wafsl, l%g@m\éad aqrfaqggn@nee%icw@ srpbmﬁ szteai;rea fromthe

gri ndi ng Station to fer store gtoa ow a furt er vvafer
to be | ocdEFS tRet BRNYySHAORYTEL 4F 1351, Rﬁr‘?&eé”iah Y "BSPIngshieR) istep i .
effected hyzcﬂuﬁedkbagﬂemvamengrmymmrtdqpobn*ahsmg sgerbhesd aanto twashwat er

edge by rqgld ng el LRer okhehwss&lgéuweaﬁ@fn%rea%%1ee1§1}1§ atlCaliGdent

with or parallel to a tan I i ntersects ol nt of contact

bet ween~t H&* St aghd OrEhé?g‘ﬁolpioéFrFHénﬁhé’@Fe . tfﬂ\ Fr%‘l‘ B AT RRF ©F cl ai m
8~i n whi clyrtimelinwgf ewsrawabd foxrey tdve rp@llnghang sosp aineerforaedir' st store
and the ground and polished wafers are Contained ~.n,a second store. 10. A
met hod according to claim9 in which the first_and second stores are

di fferent elCPISLENoPT &t HIGRA% & BFRGECHEVE cBLeaVE K ABYRLRY &0P%i ng to
any one ofprcivdaides &drwo ddversingki thet pelbahieg sheet esnpptsebea whsh

SL ati O|n a. m,tfeu.trieeio GUTRREUS B0af NS0 Bd 8RO MRENIAY, the canpuUKk afigr before
the po ISqF B no chance of any grinding swarf finding its way onto

the surface of the polishing wheel.

Where a sleeve or housing shrouds the polishing wheel during
the grinding step, the shrouding enclosure is preferably
openable and movable under control of the computer after the
grinding process has ceased and any washing step has been
performed to expose the polishing wheel and allow the latter
to move into its polishing position.

The invention will now be described, by way of example, with

reference to the accompanying drawings in which:

Figure 1 ig a diagrammatic elevation of a polishing wash



12. A method according to any one of clainms 8 to 10 iri @ IS
washed after it has been polished. 13. .A nethod accordlng 0 any one of
claims Bto 12) further including the step of formng and reformng a
groove in the polishing wheel after one or nore polishing steps have been
perfornmed. wéosfyoset hod according, to claim 13 in which the/dswgionag, and
reform ng of the groove in the polishing wheel is effected by neans of a
groove-form ng wheel having a triangulas crosssection peripheral rim
defining I.n cross-section two slanting frusto-conical edges which coaverge
in an apexstanicnaffier ' upel ishicogbdnetapnnmwiehwad evasfenr ed¢dde ver imdianent i s
ef fected ESR Jshe groove-fanning wheel : and the polishing wheel wh~.|.st
11111 rAi Cl IGG.T 18 DECEMBER 2002 19 both are rotatxng~about their
respective axes, thereby to formor reformthe cross-sectional shape of the
groove in Eignq@obi$hiagdﬂwgfdmma§adytjam'plpolwshquftdppaedges @fcH wd her

waf ers . i Bt Beduascordipg 1=o any one df clainms 8 to 14 ~uxther

conpri si ng fhe step o? projecting a fluid slurry towaxds the point of
engager neat between the grooved polishing wheel and the periphery of the
waf er at |migstredudi rig pal idshgmgmaagageneidw t her elletaeton, 1s6pwAngetshod
accor di ng rﬂcsaﬁl%domecﬁanfér@lf& &l ihey ltﬂembybs@ugj QRKENILd Oted it d OCat ed
in the proximty_to rooved pol i shing for engagenent therewith to
form and r%ﬁ(ﬂﬁﬂlﬁﬁétb?%dge i9t he wheel as required. Z7. |W ceethod
according to any one of claims 8 to 1.6 xn which the palishing wheel is

made of s &%h\rﬁn@i@ﬁt'scélpﬂa%b% @@Qﬁép@l‘igﬁbﬁ Id}t? l‘;PE[‘)) @&} i aro
e

rotating ~waf er, “sai d wheel havi ous orned around
its pol i srw«‘%@reuwbéee Y#Yh Resyr 650e tgFfé’uE‘FlaEg &R A% S 5hSehi BT 95 he
conp3. eu~edddcrabetihén el ePqrenft |Speafi flilvat\WaheNo . a23aaisisshi ng slurry ~. s
suppl zed to the zone of contact between the polishing wheel and .the edge
of the wafer, arid the~polLi, Shl ngf)vvheel is rotated so that relative

" ~ui oveneri®e~ci 3RRA T eh L L RECHRF P hi HPIHATEREARA e 18ai BieWmR. 1 .
. Ah. A AY; Feom%ﬂ:&sASAa. ASoukidg( V1A RiBhidk. Ahécheile.lAcated a wafer 12

R AYS. Al Ny A Ave AY, 3L RGHE= ~Shictk | 4bd &0 £ q%ltc@%ﬁaéﬁ&ﬂ 1ea1 ca] ca]

PNk g 14 Teal o calcalcal o el salisal caleal gl gal el faf cal] calc

>0/G/<\A(h)oa:ft|vblafpi}eytnpes 219].ca] cal] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca
] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! ++d--./ ?0P0\ 0"0O
n0034K445*6 6V6X6
8s<_>p>| > 5ha éBVsYnﬁ‘aﬁﬁjdcgf%]’@aﬁa]%aﬁodféﬁficafﬁ‘c‘ac] EERCRFERRS % ffcal ca] ¢
a] ca] ca] cajlealpedlichivaUlioeg Cald ca] T C‘d}&f&]] caa]dca]'xea]vaaéBEEEEFrcGated
HI 1] KLLLWMQB%@S%&JJMW alrftal cabs #wHCaldRlgakcal cal c
o ) cal AL CAL LA o8 SEULE2) S P AL LS NSRS A Cal et 2oz

Z\
"G] * al a$akdbefrnfing 1HBh @hklelh Sj Bidkik ki Mitdely eofetje/Wpdek cat e ajatalted] ca] ca] ¢
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, | pGhl Whit®o@'il) - eng@dge t:he wafer 12. The slurry may typically be
an alkali solution of pHl1l with colloidal silica‘having a mean
particle size of 30-50nm: for example a slurry known as
Klubesol 50R50 manufactured by the company Clariant and diluted

10:1 with water.

Remote from the wafer is located a groove-forming wheel 22
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wheel 22 and polishing wheel 16 brings the edge of the wheel
22 into contact with the wheel 16 and into the groove 33 around
the wheel. -The peripheral shape of the forming wheel 22 is
similar to the peripheral cross-sectional shape of the wafers
such as 12 which are to be polished by the groove in the
polishing wheel 16, and by forming the wheel 22 from a hard
material and the polishing wheel 16 from a compliant material
such as urethane, the groove 33 around the wheel will be formed
or re-formed due to the engagement between the forming wheel
and the groove in the polishing wheel.

As an alternative to the forming wheel 22, there may be
provided a non-rotatable profiled turning tool 23, (shown in
chain-dotted outline), which in operation is slidable in the
direction of arrow 25 intce engagement with the wheel 16 for

forming or re-forming the groove 33.

Figure 2 shows the apparatus of Figure 1 in more detail and

from above.

The wafer 12 is shown mounted on a vacuum chuck 26 carried by
a spindle 28 driven in rotation by a motor 30. Optionally
mounted on the shaft 28 (in place of wheel 22) is a groove-
forming wheel 32 having a profiled periphery adapted to form
the V-shaped groove 33 in the cylindrical face of the polishing
wheel 16.

Polishing wheel 16 is carried by a shaft 34 driven in rotation

by a motor 36.

The motor 36 is mounted on a slideway and is laterally slidable
therealong under the action of an air cylinder 38 so as to
effect engagement of the wafer 12 with the groove 33 or by
appropriate axial movement by means of another drive 40, in the
direction of the arrow 42, to effect engagement between the

groove 33 and the groove-forming wheel 32.
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The motor 36 is mounted for pivotal motion about a generally
vertical axis relative to its slideways, and a lever 44 is
shown extending from one side of the motor housing acted on by
two piston and cylinder drive arrangements 46 and 48 which are
selectively‘supplied with fluid such as air via a valve 50 from

an air line 52.

By alternately supplying fluid to one and then the other of the
drives 46, 48, so the pistons are driven in first one direction
and then the other. This oscillates the lever 44, and
therefore the motor attached thereto, so as to produce a
rocking motion about the axis of pivoting.

Ideally the polishing wheel and drive assembly is carried by
upper and lower pivoting arms which transfer the pivoting
motion to an axis which extends substantially through the
centre of the polishing wheel in a generally vertical sense.
To this end the motor housing may be mounted between upper and
lower arms which protrude therefrom in a forward sense above
and below the polishing wheel 16 and vertically aligned pivot
bearings are provided above and below the wheel to which the
arms are attached and about which the arm assembly can swivel
to effect the rocking motion of the wheel 16 relative to the

wafer 12, about the vertical axis.

The rocking motion polishes the flanks of the triangular cross-

sectional edge region of the wafer 12.

Figure 3 shows in elevation a modified arrangement for causing
the polishing wheel 16 to execute an oscillating motion
relative to the wafer (not shown). The wheel is provided with
two grooves 33 A and 33 B so that when one becomes worn the

other can be utilised.

Here the wheel 16 is mounted on shaft 34 and supported by
trunnions 60, 62 on a slideway 64 which is mounted horizontally
parallel to the rotational axis of the wafer. The shaft 34 is
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again driven in rotation by a motor (not shown).

Projecting downwards from the slideway 64 is a spigot 66 whose
opposite sides are engaged alternatively by push rods 68, 70
of regpective air cylinders 72, 74, which in turn are mounted
via supports 73 on a slidable plate 76. Horizontal movement
of the plate, and hence of the cylinders, is controlled by a
motor driven cam 78, such as an eccentric, engagable with
rotatable cam followers 80, 82 whose spindles 84, 86 are
connected to.the plate 76.

If operation, rotation of the cam 78 causes spigot 66 to be
engaged alternately by the two rods 68, 70. The air pressure
P in the cylinders is regulated such that the lateral force
exerted on the wafer flanks is constant, regardless of the

actual displacement of the cylinder rods.



H dEnbC 10(Y 109& ()-:Y 109 ()-Y 10%& ()-I 18 DECEMBER 2002

109& () -fF109%& ()- @O% ()-1|11K~LLLLLxmbC 10("10% & ()- 10 10 10F4z

109& ()-F( 109%& ()- F9% 109 ()-Y'z 109 ()-- LLL$M NPQUEMbC 10( f#

109% & ()- F 109% & ()-f3 10%& ()-nB

109% & ()--,1109% & ()-f10% & ()- QReSSSSSSShC 10(y10%& ()-!10%& ()- 10( 10(
10(3y8y 109% & ()-34y 109% & ()-, F+ 109% & ()- mSSTj TTUVAEbC 10( y 10%& ()- F
10%& ()- 10%& ()-s3 y 109%& ()163 10%& ()--| 10%& () - V=XYYYYYZ$ZbC

10( SMLO%& () -!10%& ()- 10<

CLAIMS

1. Apparatus for wafer edge polishing in which there is
provided means for rété.ting a wafer, a polishing wheel having
a groove therein for accommodatmg the peripheral rim of the
wafer, means for rotating the wheel drive means for effecting
relative movement between the wheel and the wafer to effect
engagement of the wafer in the groove, and further drive means
‘to effect a continuous rocking mo"t_remént‘between the wafer the
the wheel such that opposite faces of the peripheral rim of the
wafer are engaged alternately‘ by opposite regions of the

surface of the groove in the wheel during the polishing
process .

2. Apparatus according to c¢laim 1 in which a jet orifice is
located near to the region of engagement between the wafer and
the wheel, for directing a fluid slurry towards the region of
‘engagement at least during the polishing process.

3. Apparatus according to claim 1 or claim 2 in which a

grooving tool is mounted for engégementAwith the groove in the
polishing wheel, means for movement of the grooving tool towards
the wheel or the wheel towards the tool, and means for mutually
rotating both wheel and tool so as to form or reform the groove

in the surface of the wheel.

4. Apparatus according to claim 3 in which the grooving tool is

a disc, mounted to the rear of the wafer support for rotation
therewith.

S. Apparatus according to any one of claime 1 to 4 in which
the polishing wheel has a significdant axial depth, and two or

AMENDFD cucer
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more parallel grooves are formed therearound, each‘édépted in use

for polishing the edge of the wafer, as a previous groove becomes
worn.

6. Apparatus according to any one of claims 1 to 5 comprising
a vacuum chuck for rece1v1ng and .Ssupporting the wafer, drive
means for rotating the chuck and .therefore the wafer about its
. centre, means for mounting a grooved. pollshlng wheel for
‘ rotation .about its central axls sa— that its direction of
rotat::.on is contra that of the rot:atlon of the wafer in the
region -in which they will make contact er.Ve means for
advanc1ng and retractlng the polishing wheel mountlng means to
enable the polishing wheel to make contact with the edge of the
wafer for polishing purposes, and means for causmng relative
adjustment between ‘the polishing wheel and the mounting weans
to ensure that the groove im the surface of the polishing wheel
accurately aligns with the edge of the wafer.

7. Apparatus according to any one of claims 1 to 6 in which
:,sald further drive wmeans. is produced by at least one air
‘ fcyllnder, the pressure to which is regulated so that the force
on the opposite faces of the wafer is .constant regardless of

the dispiacement of the cylinder.

8. A .method of edge grinding and polishing semi-conductor
wafers which are transported in turn to a grinding station in
which the edge of the wafer is ground, and the wafer is then
transferred.to a buffer store whilst the next wafer is conveyed
to and located in’ the gr;ndxng station for grindlng, .which
further comprises the steps\of rotatlng'the wafer in the buffer
store and engaglng the edge thereof with a polishing wheel,
to polish its perlphery whllst the rext wafer is being ground,

AMENDED SHEET



10 10 10Yz 10%& ()-' nno+pHppNgaBbC 10(8- 10%& ()-S!| 04" 1006t devBER 2RYE () - +
"10% ()-98"10% ()-T@ 10%' () - Ng gagbgcqt gxgrrb@ 10(!s! 10%

& ()-Y'109% ()-3 10%& ()-!10%& ()- 10 10 10!>10%& ()-r @ 7uuQv_xnmknxwxX9. @
100 7109’ ()-) 109%& ()- ! " '1109~& ()- !, 11109 () -

1°5110% . & ()-! s!'10%) & () - nxoxpxxxz-{{j K@ 10! 710% 109%& ()-:s- 109%& ()-y@
109%™ ()- 19 10% ()-s!10%& ()- 10 10{{g]|}F]"_dE:/

18

and after polishing, the polished wafer is removed and the next
wafer is transferred from the grinding station to the buffer
store for polishing to allow a further wafer to be located in
the grinding station, wherein the polishing step is effected
by a rocking movement between the polishing wheel and the wafer
edge by rocking either the wheel or the wafer about an axis,
coincident with or parallel to a tangent which intersects the
point of contact between the wafer and the polishing wheel.

9. A method according to claim 8 ‘in which the wafers awaiting
grinding are contained in a first store and the ground and
polished wafers are contained in a second store.

10. A method according to c¢laim .9 in which the first and
second stores are different sections of a single storage
device.

11. A method according to any one of claims 8 to 10 in which
the buffer store comprises a wash station and further
comprising the step of washing the ground wafer before the
polishing step.

12. A method according to any one of claims 8 to 10 in which
the wafer is washed after it has been polished.

13. A method according to any one of c¢laims 8 to 12, further
includiﬁg the step of forming and reforming a groove in the
polishing wheel after one or more polishing steps have been
performed. ‘

14. A method according. i:o claim 13 in which the forming‘and
reforming of the groove in the polishing wheel is effected by
means of a groove-forming wheel having a triangular cross-
section peripheral rim, defining in cross-section two slanting
frusto-conical edges which converge in an apex, and after
polishing one or more wafers, relative wovement is effected
between the groove-forming wheel and the polishing wheel whilst

ARArANCN CUCET
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or reform the cross-sectional shape of the groove in the
polishing wheel ready for .polishing the edges of further
wafers.

15. A method according to afly one of claims 8 to 14 further
comprising the step of projecting a fluid slurry towards the
point of engagement between the grooved polishing wheel and the
periphéry of the wafer at least during polishing engagement
therebetween.

16. A method according to any one of claims 8 to 15 in which
a grooving tool 1is 1located in the proximity to the grooved
polishing wheel for engagement therewith to form and reform

the groove in the wheel as required.

17. A wethod according to any one of claiwms 8 to 16 in which
the polishing wheel is made of synthetic plastics material and
is brought into contact with the rotating edge of the'wafer,
said wheel having previously been formed around its polishing
surface with a groove the cross-section of which is the
complement of the edge profile of the wafer, a polishing slurry
is supplied to the zone of contact between the polishing wheel
and the edge of the wafer, and the polishing wheel is rotated
so that relative movement exists between the polishing wheel
and the said edgeél



