Title:

0 OO AR

/56739 Al

GRI NDI NG PI N FOR GRI NDI NG MACHI NES COVPRI SI NG RESI N BONDED
SELECTI ONS OF ROUGH GRIT AND FINE GRIT

[err]

=3 JUN 2004

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 August 2001 (09.08.2001)

0 A OG0

{10) International Publication Number

WO 01/56739 Al

(51) International Patent Classification”:
B24D 5/14 /f HO1L 21/304

B24B 9/06,

(21) International Application Number: PCT/GB01/00073

{22) internaticnal Filing Date: 10 January 2001 (10.01.2001)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

0002251.7 2 February 2000 (02.02.2000) GB

(71) Applicant (for all designated States except US): UNOVA
UK. LIMITED [GB/GB}); 26 Temple Street, Aylesbury,
Buckinghamshire HP20 2RQ (GB).

(72) Inventor; and

{75) Inventor/Applicant (for US only): STOCKER, Mark,
Andrew [GB/GB]; 72 The Weavers, Bast Hunsbury,
Northampton NN4 0PQ (GB).

(7d) Agent: KEITH W NASH & CO; 90-92 Regent Street,
Cambridge CB2 1DP (GB).

{81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ BA BB, BG, BR,BY,BZ, CA, CH, CN,CR, CU, CZ,
DE, DK, DM, DZ, EE, ES, F1, GB, GD, GE, GH, GM. HR,
HU,ID, IL,IN, IS, JF, KE, KG, KF, KR, KZ,LC, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ,PL, PT,RO,RU, 5D, 3E, 8G, 31, SK, SL, TJ, T™M,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW,
(84) Designated States (regional}: ARIPO patent (GH, GM,
KE, L3, MW, MZ, 8D, 8L, 8Z, TZ, UG, ZW), Burasian
patent {AM, AZ,BY,KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FL, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR}, OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, 8N, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: GRINDING PIN FOR GRINDING MACHINES COMPRISING RESIN BONDED SELECTIONS OF ROUGH GRIT

AND FINE GRIT

S {57) Abstract: A grinding pin (53) for grinding notches in the edges of disc workpieces, such as semi-conductor wafers, comprises

a metal spindle (132) for mounting in a grinding machine, and an adjoining cytindrical region having axially spaced sections of fine
grit (160) and rough grit {162}, the latter being axially nearer the spindle (132). In use on a grinding machine having a rotatable
forming wheel, similar profiled nofch-grinding grooves (140) and (142) are formed by the wheel in the grinding sections (162) and

(160) respectively.
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‘Abstract: A grinding pin (53) for grinding notches in the edges of disc

wor kpi eceYO8HEFT3As semi - conductor wafers, conprises a netacrsyEongdbeys(132)
for nmounting in a grinding machi ne, and an adj oi ning cylindrical region
havi ng axially spaced sections of fine grit (160) and royfiinorit (162),

the latter being axially nearer the spindle (132). In use & a”dhﬁggp%g
machi ne having a rotatable forning wheel, simlar profiled notch-grtnding
grooves (140) and (142) are formed by the wheel in the grinding sections
(162) and §zk&0}« e i%el .. WD 01/56739 1 PCT/ GBOL/ 00073 U 2004 GRI NDI NG
PIN FOR GRI NighNG s P QAT IES I CRMIBONDED RRELE GBS s EhrcTRMHGH ORI T
AND FINE GRIT This invention féfates to grindi ng machines and to grinding
wheel s for use in such nachines for grinding notches in the edges of discs
such as waf Llicon for use.in the . construction of sem -conductor
devi ces, angﬁﬁoﬁkﬁﬁ%}jg&g?s o¥°i BOndigs Hgehines iapd do ogrirding, Wheelscforsuseain tsoch

f or m not chemattiaeeior grivdifendt ’ i d.Lo gl nensi ons
relative to the slzegof PﬁiﬂwgﬁﬁPgF&gﬁﬁﬁﬁfﬁgﬂ&%gg%gﬁJ%@%Xng%ﬁéngﬂ&ﬁc“]dk

not chtejs ar Z:O%B_ WeRian of $Q§1:]le¢Qﬂdd'_ fcﬂooda!_sicgs_r,iawi tpgnahm.%w lilfgowgdd : r&gggg;/gg 5%%"2
i nvention Aj:Qld | rindin iscs is disclosed in : 3
and i ncor por[g(gse%)désjh.ltg’r1@?‘%l Ib({;&}eé]&é?rg}?c e;g“\‘/'%ég? Rashes e of reJatinely, smald dimensions
met al - bondendld@Bd @ il ERNSF Hb&RAfR) @rigihg SRS ] rQUR QLid the
edge of a disc, such as a sem conduct or vvageri,i&g)e of%ye&ﬁsfzéﬁ%fﬁgﬂs%?q%%eﬁ are

r esi n- bond SPTERANINHEEToto 4si gringhing pinsdi ng t he di sc edge and further
describes an in situ technique for formng and re-formng a groove in the
resin bonded CBN grinding wheel to grind the correct shape around the disc

edge. The rBezkproendltsqhé itledtles a snmal |l di aneter grinding pin for grinding
a notch of predeterm ned proportions around the edge of the ground disc.

A grinding machine for grinding discs is disclosed in WO97/48522 and incorporated
herein by reference. W097/48522 discloses use of a metal-bonded CBN or diamond
wheel on a grinding machine to rough grind the edge of a disc, such as a semiconductor
wafer, before use of a softer resin-bonded CBN wheel for finish grinding the disc edge
and further describes an in situ technique for forming and re-forming a groove in the resin

bonded CBN grinding wheel to grind the correct shape around the disc edge.

The machine also includes a small diameter grinding pin for grinding a notch of

predetermined proportions around the edge of the ground disc.

British Patent Specification No. 2335620 discloses a grinding pin for notch grinding, for
example for use in the machine described in WO 97/48522, the pin having a cylindrical
region sufficiently long that a succession of profiled grooves for producing the notch can
be formed, whereby as one such groove becomes too worn for further use one or more
further grooves can be formed in the pin. One embodiment of pin described in the
Specification is a pin having a metal bonded diamond section axially nearer the pin spindle
and a resin bonded formable section axially more remote from the spindle. In use, a
groove in the metal bonded section is used for rough grinding the notch and a groove

formed in the resin bonded formable section is used for finish grinding the notch.



British Patent Specification No. 2335620 di scloses a grinding pin for notch
grinding, for exanple for use in the machine described in WD 97/48522, the

pin having a cylindrical region sufficiedtly long that a %yéke \O
profiled grooves for producing the notch can be forned, mhere55§QSEQQQ
such groove becones too worn for further use one or nore further grooves

can be formed in odlnent of pin descrlbed in the
Speci fi cati orf* PP Y"Rh H’?\ﬁg]i?sﬁ' FERRPEHERRE e HINGPR hatnd aéi&”'ﬁg e near er

the pin spi ndhétal meaahesh@rebmm@ea@émhb.e section axially nore renote
fromthe spindle. In use, a groove in the netal bonded section is used for
rough grinding the notch and a groove forned in the resin bonded fornable
section is usp lh@ntibhni sh grinding the notch. 2 9 JUN 200 A problemwi th
the aforesaid arrangenent of the grinding pin is that of aligning the

metal bonded and the resin bonded sections. The Invention According to one

aspect of thm@bﬂﬁ@b dnR\RPbEtQR the%r@ééﬁlmv@ﬁtlﬁ 2} g‘rmam@qiirci&r abtbn@hﬁ@ng
conprises a | 'indrical enou | east two profil

or

G obves. to- bEPTIRSHLA VIR B8 OURR g eBor et BheahAvo PRI gBIS BiRudes ¢ vo
axially spac efdrrﬁ@pmema,cha@btdrea@m tﬁéleth@freghdﬂﬁnélﬁﬁéé ASaiglyREatNeaoRdIgh
for at |east t!é) ?roovfeﬁ &? there%a he section axially nore
renote from t3i&85F ANt ﬁﬁ%ctl?é‘? §'"d ?'&?WUSB & leashg FRoYsS t?@ﬁWl t for
rough gri ndi ngerebs, tﬁ@tséénoaramam fhoPs B3 618 frdki k| )haﬁradlebeuhee resihiboR@édd| e
being a resin-bonded cti fine Igrlt f?ﬁ t he notch.

The inventi orf Smﬁfd' op OFHPHQ)h grirding teing "'rﬁj‘dt h% S?‘gg’bgg}ﬁng@e%’ébmeons to

be used for ginsghdiameingiavesin-ndsds8giohl i@ bt Tor MASHAGERING the BoRRAssi bl e to
use the sanme groove dressing or form ng wheel, nmounted on the sane

machine, to formboth or all the grooves. Preferably, the size of the grit
for rough griTdingrtibe obéerceies thedgbwRaILftaNIgNiAY thel rBEBRtive sections to be used

for rough and finish grinding the notch, because it is possible to use the same
groove dressing or forming wheel, mounted on the same machine, to form both or

all the grooves.

Preferably, the size of the grit for rough grinding the notch is between two and three
times the size of the grit for finish grinding the notch.

Either or both of the rough grinding and finish grinding sections of the cylindrical pin,
but especially the latter, may be long enough for one or more further grooves to be

successively formed when the first groove becomes too worn for further use.

The invention also relates to a grinding machine, preferably a CNC grinding
machine, having a work spindle, a grinding spindle carrying a grinding pin for notch-
grinding, characterised in that the grinding pin has a section of rough grit and a
section of fine grit, at least one of the sections being long enough for at least two
notch-grinding grooves to be formed thereon, and further comprising a forming
wheel rotatable to form a notch-grinding groove in the rough grit section and a
notch-finishing groove in the fine grit section.

The invention therefore also relates to a method of forming notfches of rough
grinding and notch-finishing grooves on the aforesaid grinding machine.



times the size of the grit for finish grinding the notch. Ei ther or both of
the rough grinding and finish grinding sections of the cylindrical pin,

but especially the latter, may be | ong enBugh for one or norg g urther
grooves to be successively formed when the first groove beg%éésjwﬁbgﬁgzn
for further use. The invention also relates to a grinding nmachi ne, :
preferably a CNC grinding machine, having a work spindle, a grinding
spindle carrying a grinding pin for notch- grinding, characterised in that

t he grindi ng g ' féﬂ% [ section of fine grit,
at | east one mﬂoﬂ@ﬁgg\&%@gﬁ?g%ﬁ%ﬂﬁ ong tg%lg)\{?gﬁgk?%@e'at | east two

not ch-gri ndi ng grooves to be fornmed thereon, and further conprising a

formn whe ; n-gr i nd) i grit
cect] on and-a GRS HA e 58 RuBf'uRl LR PG Gabfnd itng BLEE
i nvention t hedfdheraughigsnding section and fine gt tesin-yinded didnmmydrio theneaseof theough

grindi ng and mﬁg ot 1 Shi: grooves on the aforesaid grinding nachine. 3
The form ng egfé}h@;ﬁb%la%}gnt ed on the work spindle. JU 2 4 The grinding

material nmay be rough grit resin-bonded CBN or dianond in the case of the
rough grindi ng RechAl faddifé: bblt HETHRNGRBRGL 3TRAAod Br bifingase of
the finish grinding section. I'n accordance w th another aspect, the
i nvention pr owtelegringdinggraovesdn afgsindinggpin which indjden i pig spindlevand &4n a
grinding pin j ' i ' , ' [ Lon of
resi n- bonded %?frnﬁgﬁéloﬁgﬁ%ﬁﬂ P %ﬁhezjlt%r{”egggtent% g\gh g:rrgf ?é#égglﬁc?tg @fh.e_é g(?[{:rgdl ng
grooves to bedringingeatoevesite ba forgledribereen.i chethcianised in thathibe eylindndaliregipn isegi on
is provided ywhii | 2l i : ections
bei ng 1 ong. capiars P B4 Brialy PREEF By, st fho oA LoftBfis Bank hah e
section axi alenpuabi® at learbine dreevestineedgrmed|teersen.ipe sestionoaridllygnomdi ng and
the other sechhRe ##6he §Mfdie being for rough grinding and the other section being for

finish grinding, and further comprising the step of initially forming a groove in each

section.

The term "resin-bonded", as used herein, includes bonding with a vitreous material.
It is to be noted that, in contrast to the disclosure of Figure 7 of British Patent
Specification No. 2335620, wherein a resin-bonded section is used in place of a
metal-bonded section, it is preferable for the section for finish grinding to be nearer

the pin spindle, i.e. the stiffer section of the pin.

Brief Description of the Drawings

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

accompanying drawings, in which:

Figure 1 is a perspective view, not to scale, from the side on which a user normally
stands of a grinding machine incorporating a formable grinding pin carried on a
spindle;

Figure 2 is a side view, not to scale, from the side on which a user normally stands

of the machine shown in Figure 1, and iliustrating a sub-assembly;



finish grinding, and further conprising the step of initially form ng a
groove in each section. The term "resin-bonded", as used herein, incluydes
bonding with a vitreous material. It is to be noted that, ﬁé@qﬂbﬁ‘&%ﬂz@
the disclosure of Figure 7 of British Patent Specification No. 2335620,
wherein a resin-bonded section is used ingplace of a netal-bonded section,
it is preferable for the section for finish grinding to be nearer the pin
spindle, i.e. the stiffer section of the pin. Brief Description of the
Drawi ngs The g | ! [ « Dy anple, with

et oronce To REe g e O R ch A ¥R TP < s
perspective view, not to scale, fromthe side on which a user normally
stands of a gghLndi I i C i f Lard ngdj i ried
on-aspi ndl o AR SBE of REBERLIER o oF W Rachifl T dHleed s

whi ch a user astpatllyipseetionis of the machine shown in Figure 1, and
illustrating a sub-assenbly; 9 1U ZGN 3a Figure 3 is an end view of the
machi ne shown_in Figures 1 and 2; Figure 4 is a side view of the

sub- assenbl y Egdredt isenerspeshvandew of the fermablgpin; aahl e  and partly in
section; Figure 5 is a perspective view of the formable pin; and Figure 6
is a perspective view, not to scale, of the formable pin with a first
groove for WIigueshs 3ParPRCBROiS@oT 3o dcajef Hesfomatdd pinovitira finst grdbveyfoand a
second groove for notch finish grinding.



Descri ptio@vcﬂx%&?;ggs 1, 2 and 3 illustrate pictorially part of an overall
machi ne station for notch grinding circular discs (wafers) BFT/&EBPYVMOTB or

simlar material. The machine shown in Figures | to 3 conpfl ges)a.C ol
cabi net 10 from which extends a machine bed 12 which carr%g s}%%%g
platform 14 carried on three vibration absov bi ng feet, one of which can be

seen in Fi gyofeh roakh Jg@inﬁ[h% ddd€a §€%ﬂggqrt8§v(rjé férfl?&a\ E%Htﬁ%gﬁ' centrally before

t he base region 22 and i s shown outT1nen -1, and the
third can be seen at 20 in Figure 3. The platform 14 includes an integral

support str re.or base 22 which carries a workhead 24 which is slidable
axially aloggéémgggbemay 26 mounted on an upper surface of the base 22 and

whi ch includes a spindle drive nmotor 28 and vacuum chuck 30 for carrying
wafers to be ground. Edge grinding is achieved by nmeans of a grinding wheel
32 cont ai ni FigwehdnPeand3 iltustrateapiocgorimilye past usthamovarklll Maciingagieg fopengdpe

of a wafer NI eg esignated i.n _Fjl.gure 2 at 36. The grindi ng wheel
spi ndl e (nopﬂé‘lﬁ@gmﬁr%%%%ﬁ?WﬁP%@a?ﬁ ﬁbgﬁ%g’éﬁ‘m‘&?‘f seaterdaly ot at ed by an
electric notor 40. Itens 38 and 40 are carried on a support generally

designated 42 which is nounted close to the centre line of the platform 14
to one si deTBt machingistownie Figuresilrtg 3ptoanprises awtoinarb! Egbindd A0t fesin ik Sktend

flanges to for 4 along its hase and is secured at its upper en
by bolts t%?@ﬁ%@é’%ﬁﬂ] eh %gsﬁéls"fiﬂﬂﬁ Riatiopm 4 rarfied an thyee vibeationabsarbimgof
the plate Afkei,Sonct 6f WhdHLEEE bt NBer 1191 ] fart f elative
the base 22 and resist transverse Vvib a%éi gﬁ% lﬁltﬁlalgzar]ﬁng\ g{?t%%:hner ése"}?émped
i nt r oduced. coppally bsEre she bpeTyegRan2D@0dds shown in dotted outline in Figure 1, and the

third can be seen at 20 in Figure 3.

The platform 14 includes an integral support structure or base 22 which carries a
workhead 24 which is slidable axially along a slideway 26 mounted on an upper surface
of the base 22 and which includes a spindle drive motor 28 and vacuum chuck 30 for

carrying wafers to be ground.

Edge grinding is achieved by means of a grinding wheel 32 containing a number of
annular grooves such as 34 for engaging the edge of a wafer workpiece designated in
Figure 2 at 36.

The grinding wheel spindle (not shown) carried in bearing assembly 38 is rotated by an

electric motor 40.

Items 38 and 40 are carried on a support generally designated 42 which is mounted close
to the centre line of the platform 14 to one side of a rigid strengthening plate 44 which is
bolted through flanges to the platform 14 along its base and is secured at its upper end by
bolis through another flange 46 to the machine base 22. The function of the plate 44 is
to increase the rigidity of the platform 14 relative to the base 22 and resist transverse

vibrations which might otherwise be introduced.



*9 JUN 2004 Equidistant fromand on the other side of the plate 44 is a

second supwontseZB® which carries a slideway 50 on which is p@autiadhegrzsecond

spindle drive 52 which carries a notch grinding spindle 57 paél(n a notch
al

grinding pin 53 at one end, and associated spindle notor 55@ Ung 2[]3%
movenent of the spindle drive 52 is provided by a drive unit 54 (see Figure
2). The s 'nlflle drlrve 52 caﬁlgal so be used to gri_ nd the internal dianeter
of an annul ZUES@At frefeand en the oiher sile of the platg 34 isk srsorh suppiondt&yhispicaries
are nount ech klideata: ' d I d ' typically has a speed
range of 2 to 1006, .rbg\algsﬂ g@?ch?ngn{?toghetd \rll\éé Sé‘%’g@ Spg‘?‘#ﬁ |r§"ge %%iwﬁﬂ?fb%?VEFc%I“P h
has a speedringiRge spipdleo5s0ading e nbth i grivelige pimb 3 ut ®naredd! BRd aSRRA%OE 1};@{%
not ch grindin %EI ndle 53 is typically up to 70,000 revol uti ons per r’ﬁnu e.
On the morlfﬂ%'gﬁ pindle to the rear of the chuck 30 are nmounted form ng
wheel s best seen in Figure 2 at 56 and 58. |ndexing the workhead 24 in the
direction of the arrow 60 in Figure 2 allows the workpiece disc 36 to be

engaged by 4o¥idl movament of thesspindiedeive 32 is provided byrd divognivbe @lee 3m09). The
further m)\éﬁ%ﬁ&_t ri.n éfe di#e tion, of t{%ﬁégrr,ow 60 allows the disc 36 to
clear the & AV Gt chﬁr‘fsﬁﬁitﬂ§f ¢ infemahgiapetarpiian annubay disee
formng wheels 56 or 58 to engage in the appropriate grooves in the
grindi ng wheel 32. Lateral novenment of the grinding wheel or notch grinder

as requi r edegvarkheadwasige teyindirigt andgnotthh grinding epindidsrare moueged4R st bbaf@eafind
appropri at Lve t.0 e platform14. To thig end both of the
structures %@éﬁ@eﬁ% SI%EP%‘ICBW%?@X Lﬁs 4 5Pefdnegse of 2re W08 irevy periminuee rthe ledge
centre |i peindingrpa{di@rpitaly BdsOPspLd BAhge & Lyiel: e Figure
prevent excessige39outwaﬁfbd_ (mverren?. Thegffoi @(}E}%ﬁﬁ%&r%@é@%é W‘&%&H‘é%}zﬁ
fl exures (#Reefiaf|the aowhgrindingijpindicd3 ialtypivallpnp pi70M00NgvORMEHEr MRRA.
two parallel axes close to the centre line of the platform 14 so that
structure 42 can describe a small arc such as denoted by arrow 68 and

structure @8 theavoritheR iiRdla o 3h6 réF StometAdcP B0 £L SRR RIHAREA Whés best
seen in Figure 2 at 56 and 58. Indexing the workhead 24 in the direction of the arrow 60
in Figure 2 allows the workpiece disc 36 to be engaged by one of the slots such as 34 in
the grinding wheel 32 and further movement in the direction of the arrow 60 allows the
disc 36 to clear the end face 62 of the grinding wheel assembly and to allow the forming

~wheels 56 or 58 to engage in the appropriate grooves in the grinding wheel 32,

Lateral movement of the grinding wheei or notch grinder as required is achieved by tilting
the support structures 42 and 48 as appropriate relative to the platform 14. To this end
both of the structures 42 and 48 are pivotaily attached to the platform 14 near the centre
line thereof and two stops 64 and 66 respectively (see Figure 3) prevent excessive outward

movement.

The pivoting is provided by means of flexures (as will be described) which allow for
pivoting movement about two parallel axes close to the centre line of the platform 14 so
that structure 42 can describe a small arc such as denoted by arrow 68 and structure 48

can describe an arc as denoted by reference numeral 70.

Drive means for achieving the pivoting movement will be described with reference to later



Drive rreanﬁlg‘flr GZ@M eving the pivoting novenent will be described with
reference 10 1 4C&P WO 01/ 56739 figures. PCIT/ GBO /00073 Att adiddCBY/MRB base

22 is a clear polycarbonate rectilinear housing 72 through which the

grinding wheel spindle protrudes. A |arge, cgenerally oval oge i nd 0 1 he
face of the housing 72 allows a simlarly shaped closure 7 #D%M?Mf{aihe

wor khead 24figoresnt er and seal off the opening 74 upon appropriate forward
novenent of the workhead 24 in the direction of the arrow 60 as af oresaid.
An inflatable ring seal 78 around the closure 76 (or alternatively around

the int j f i 4 i d f ar. fluid tjight |

botuson  nohtiatid Bl BasCPP R Ml BollERUOEEE e Blinh inaiting o3 htquaawieh the

rel ative togtindinpadeePgpianit fretriows aeiatge §enaagy %galaéﬁngf ) ﬂ-?g-‘e 1%8% ﬁﬁe
I S éen made beée

t he spindle drive_?%jB and 52 so that after the seal h
the cl osur ROUHEallaves 3 sinilasly shaped elesure 7§imepnral an the Workhemt 24maventer and

axially W t&uai f fficient clearanpce is provided to
the rear of thgﬁbt\gleldéag&go?ﬁﬁ? %\{/‘VQ{)%SB ﬁﬁ%ﬁf‘ﬁb‘%ﬁ‘%ﬂ%\% h WPT. i #uiththe
sense in t hdirettipeafithn anbwt 6@ anaforegatl) to al low for the grooves in the

grinding wheel to be fornmed. Moyvenent in the opposite sense is al so
accommodated by the bellows 80 and 82 so that the closed housing 72 can

also follo ' V. i opposite . sense . to that of.
arrow 60 t\(l)mélhllﬁcl)e\l/vtx?%lrf ﬁe e 5?% d {E%e&%lugé(;l?ggort @P%atévﬁ@éﬁ@&“ﬁ}h%h@e’@@ fife
gri ndi ng grafdbespesning 74} povideSafok anfiuil ightlsdas beweal a5 ABSRe ALK RPESS,

t hr ough no%l es 84 and 86 and simlar nozzles are provided for spraylng
simlar flui'd onto the form ng wheels when required. An interlock is
provided to prevent coolant fluid being jetted unless the housing 72 is

closed and sealed by the closure 76. After a grinding operation has been
conpl et ed ah¢ hefusiop 72 if shiddbleveesdtiwei tbhhd base @2 ahb@eliows seals 80 and 82 are provided

between the spindle drives 38 and 52 so that after the seal has been made between the
closure 76 and the opening 74, the housing 72 will in fact move axially with the workhead
assembly 24. Sufficient clearance is provided to the rear of the beliows to allow the
housing 72 to move in a contiriuing sense in the direction of the arrow 60 to allow for the
grooves in the grinding wheel to be formed. Movement in the opposite sense is also
accommodated by the bellows 80 and 82 so that the closed housing 72 can also follow the
workhead 24 as it moves in an opposite sense to that of arrow 60 to allow for the edge of

the disc 36 to be engaged by one of the grinding grooves such as 34.

Coolant fluid is sprayed onto the workpiece through nozzles 84 and 86 and similar nozzies
are provided for spraying similar fluid onto the forming wheels when required. An
interlock is provided to prevent coolant fluid being jetted unless the housing 72 is closed
and sealed by the closure 76.

After a grinding operation has been completed and after a final wash with fluid, the
housing 72 can be opened by deflating the cdge seal 78 and withdrawing the workhead 24
in a direction opposite to that of arrow 60 to the position shown in Figure 2. The finished

workpiece 36 can then be demounted and a fresh workpiece instalied.



‘housi ng 72 can be opened by deflating the edge seal 78 and withdrawi ng the -
wor khead &+ o1isg73@ direction opposite to that of arrow 60 tg’é‘lk)éBﬂ(?lgiotd on
shown in Figure 2. The finished workpiece 36 can then be denpunted and a
fresh workpi ece installed. WO 01156739 PCl1/ GB01/00073 7 9 J g (ﬁ? %&r
form ng/dressi ng Wieel form ng can be performed initially be N

wor kpi ece has been nounted, in which case the housing 72 is closed by
appr opr i atWheel\ferming/dessinge wor khead 24 and closure 76 without first
nmounting a workpi ece such as 36 on the chuck 30. Wieel formng is
performed by appropriate axial novenent of the workhead 24 and | ateral
movenent oWheslpaningdean BO peitetmedhitialiy before ra‘ﬂ?W@tSrkpi%‘é@ tha8eBh qacyﬁnéé m S
engaged by the appropriate form ng wheel such as 56 or 58. Coolant fluld

i s provi dedhighy gﬁﬁpusme"@ 1¥ ¢}Pdnby GpRFCRrizEnmoxEment ofnnht:. wprkiad24 and

f orm ng, epara a ore
ment i oned%ﬁ%?gﬁtdh?msp% [ brge%?%%ﬁne?%s gégigr‘iﬁq ﬁ Cﬁ‘é“%a‘@se 5‘55’1 n
and gri ndonging rldqfdr&kﬁmdaw b ropeiatdestiil hfemENPbE @id w&aléaarm Rgd ofaredrhie
groove is performed durin ine downtinme after one workpi ece has been

renmoved afePvsEIEst of suRRosS umﬂhaw%@%@é graevase s¥ch assgrapveéft uengagad by

N G b S O e A o R R

for re-fowhealgfomﬂig opdratiomr kpi ece in pl ace. Notch| ng If a workpiece is to
be notched, the support 42 is noved laterally to di sengage the wheel from
t he workpi ece and support 48 is noved |laterally instead so as to engage the

Cuppor ¢tk s EGE (He8) Riuitle B8, LRI\ a1 Bra @y GLAAKEY R ssh0%8 o

t he wor kpbefc)ec mentioned. After mounting a workpiece 36, the assembly can be closed again and
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grinding undertaken as before described.

Typically re-forming of the groove is performed during machine downtime after one
workpiece has been removed and before a subsequent workpiece has been installed, but
in a development of the machine in which edge profile checking of the workpiece 36 is
performed in situ on the workhead, it may be advantageous to allow for re-forming with

the workpiece in place.

Notching

If a workpiece is to be notched, the support 42 is moved laterally to disengage the wheel
from the workpiece and support 48 is moved laterally instead so as to engage the edge
of the workpiece 36 by the notching pin 53. After notching, the support 48 is moved in

an opposite sense so as to disengage the pin from the workpiece.

Polishing

In an alternative arrangement, a polishing wheel may be mounted on the wheel spindle as
well as the grooved grinding wheel, and by axially shifting the workpiece spindle, so the

polishing wheel can be brought into engagement with the edge of the workpiece 36.
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The slideway ._26 on which the workhead slides, is preloaded, and the workhead is driven
by server motors and fitted with a high resolution position coder to provide smooth motion

during axis move interpolation.

Grinding infeed is achieved as previously described by tilting the structures 42 or 48 as
required to bring the grinding element carried thereon into engagement with the edge of
the workpiece 36. Although the movement is not truly linear, but arcuate, this can be

accommodated in the control signals generated by the control system housed within the
housing 10,

Whilst the jets such as 84 and 86 can be used to supply cutting fluid during grinding, they
or other jets may be used to direct jets of cieaning fluid at the overhanging lip of the wafer
whilst it is still being rotated but after grinding. This prevents grinding swarf from

running down the back face of the wafer as it is removed from the chuck.

Grinding process

Typically edges are ground in a two-stage process using a plunge grind roughing operation
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Damping

In order to reduce unwanted vibration and resulting grinding damage to the minimum, the
structural components making up the grinding machine are filled at least partially with
polymer concrete, particularly sections of the base 22 and the bed 12 and if desired also

the platform 14.

Subassembly flexure mounting

Figure 4 illustrates how the two structures 42 and 48 are mounted for hinging movement
to permit wheel infeed. As shown in Figure 4, the inboard edges of the two structures 42
and 48 are connected to the platform 14 by means of flexures (sometimes referred to as
strip-hinges) one of which is shown at 104. A second pair of flexures are provided

towards the other end of the structures 42 and 48 nearer to the machine base 22.

Whilst the fiexures 102 and 104 permit tilting of the structures about one axis, they do not
readily permit any other movement of the structures 42 and 48 relative to the platform 14
about any other axis. Consequenily the coupling of the structures 42 and 48 to the

platform 14 is very stiff in all directions except about the hinge axis of the flexures.
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by which it is bolted to a protruding plate from the end of the base 22.

Also visible in Figure 4 is the motor 55 for driving the chuck 122 from which the notch
grinding spindle 124 protrudes. The motor 55 is carried within a housing 52 previousty

described in respect of Figure 1, and the housing 52 slides along a slideway 50 as
previously described.

Figure 4 shows the bellows seal 82 attaching the housing 52 sealingly to the opening in
the casing 72, through which the motor 55 and spindle 57 carrying pin 53 protrude.

The notch grinding pin 53 shown in Figure 2 is now discussed in more detail in relation
to Figures 5 and 6.

The formable cylindrical grinding pin 53 shown in Figure 5 is carried by a smaller
diameter cylindrical metal spindle 130 and core 132 for fitting to the spindle (not shown)
of a grinding machine. The cylindrical grinding pin 53 is of approximately 4mm diameter
by 10mm axial extent in which first and second grooves 140, 142 (Figure 6) are formed

in situ by the same forming wheel.

The pin is formed of resin-bonded diamond, resin-bonded grinding grit or vitreous-bonded



‘previously described. Figure 4 shows the bell ows seal 82 attaching the

housi ng 5 $@adsh9! y to the opening in the casing 72, throygh gd’d he
notor 55 and spindle 57 carrying pin 53 protrude The notch grlﬁgﬂk 5 n 53

shown in Figure 2 is now discussed in nore detail in relati'a i s 5
and 6. The formable cylindrical grindingigin 53 shown in Fi'gtrjgre“l]g”\rs@@ﬁe
carried by a smaller dianmeter cylindrical nmetal spindle 130 and core 132
for fittingatoal.he spindle (not shown) of a grinding nmachine. The
cylindrical grinding pin 53 is of approximtely 4nm di anmeter by 10nm axi al
extent in which first and second grooves 140, 142 (Figure 6) are fornmed in

situ bythg‘wﬁ@gi(pp' I el L0 S| onded .di.anpnd,
resin- bond_e?j gri ndi _n[gEug‘fl is%mg‘%nvtl’ct %gﬁg&btgﬁgggﬁm%}rﬁé3%&pégg 85’
, Z9 JUN 20np Mo pections,anamdie \sefiné pgt sextibngifOendareri the pan sgifdie el 4ddad rdps
cylindrical_.surfac he_pin .53.is divided _into two_sections, nanely a
(ine ori ¢ aé‘%:*??‘b‘?{‘tfg%fﬁﬁ@&_ F e g:gngenm Teoreie i isigni g ees ion
ur t Nesizel 6fOthe if) I | HES
the size of the fi neﬁéri f@rl\/bregbver, Fﬁ’%‘r:négiqgur eﬁ%?e%nfm%%\%cb@ség{eoﬁﬁfwg
the first igferewd inalge raughifgoit sedionnl 62h dnnsegthingrobve 40 isared 6t roligh %ﬁﬁd'mghi S
groove 14Q | S for rough grindin tch. .- The second groove 142, used
Por Tini s btelki Thy Sooonst aonye k TEPAar iq'!.iillﬁihéfmdépzﬁkwoqchné frrmedsiactieon
160 of t hetiffen fide e sedthm Mmoﬁmc%%e&l%gimé it Sfinai {3019 2 first pass, the
|

rough notch-grinding groove 140 i s broug to"con with a
pre-machi ned notch in the edge of a stationary sem -conductor disc (not
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rough grind the notch. During a second pass, the notch-finishing groove 142 is brought
into contact with the disc to finish grind the notch. The pin may be rotated, for grinding

purposes, at speeds of the order of 30,000 rpm or more.

Both grooves 140 and 142 have the same groove profile, and their axial position relative
to each other is precisely known. Thus the cutting forces during the finishing pass are

constant, which enhances the surface finish and the consistency of the notch profile.

In practice the rough groove 140 removes approximately 90% of the notch material, while
the finishing groove 142 removes the remainder. Both the wheel and the disc move during

this operation, and the relevant two axes are used to interpolate the notch profile.

Either one or both sections 160, 162 of the pin 53 may be made sufficiently long to enable
second or more rough-grinding or finish-grinding grooves to be formed, in the same
machine, when the first groove 140 or 142 wears out and is no longer reformable. This

extends the life of the pin 53 before it needs replacement.

As the use of a relatively long pin increases the risk of whip, it is important that the
finish-grinding notch 142 (or replacement notch or notches) are formed in the stiffer

section of the pin nearer the pin spindle 130. Generally, the life of the rough-grinding
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A CNC grindi ng machi ne such as that described in W97/48522 may be used to
mount the notch grinding pin and the groove form ng wheel 13 JUN 2004
CLAIMS 1. Agrinding pin for notch-grinding conprising a pin spindle and a
cylindrical region |ong enough for at |east two profiled:EPLﬁE grindi ng
grooves to be formed thereon, characteri$gd in that the™ des
two axially s aceg sections, at |east one of the sections belng Iong
enough for at two grooves to be forned thereon, the section axially
more renote fromthe pin spindle bei ng a resin- bonded section of rough
grit for rougrﬁgrlndln notch in_a workpjece, and the section axially
nearer the pl-ft@Iding RN iRineiphaarindina fompiang e spiBAle N ylingjicat region
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grinding sectmagh gﬂtfor“ro@@h aehdieg alnatohqr@arvwrmed@aa@rheca&nm aﬁél? Hearer 10 3,
in which eith h of the rou rlndlntg and finish grinding sections

bo
of the cylin ?@5\ SRiNCG? BRING A reiR-ogn dﬁftt'on akiiecgri fonfi ntsﬁélr'ﬂg'f"ﬂé'?e eteh.| ong
enough for one or nore further grooves to be successively forned when the
first groove pecones too worn for further e. 5. A _grinding machine,
preferably a %ﬁ@{j}q'm'ﬂé‘c?ﬁ@ﬁg feclain 'Hg"hé&\/%? Rizg5f ﬁ'@l it fo Tough th!ﬁdﬂ‘@
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the grindi ngréﬁln has a section of rough grit and a section of fine grit,

at |east one ¥hhe sections bei ng I ong enough for at |east two
not ch-gri ndi ng grooves to be formed thereon, and further conprising a

form ng wheel_rotatable to fqorma not rin
g 3.A grand?ng pﬁn acc:orgmg to claim ? or giafm m%vhlch the grinding material is

rough grit resin-bonded CBN or diamond, in the case of the rough grinding section,
and fine grit resin-bonded diamond in the case of the finish grinding section.

4. A grinding pin according to any one of claims 1 to 3, in which either or both of the
rough grinding and finish grinding sections of the cylindrical region of the pin, but
especially the latter, is long enough for one or more further grooves to be
successively formed when the first groove becomes too worn for further use.

5. A grinding machine, preferably a CNC grinding machine, having a work spindle, a
grinding spindle carrying a grinding pin for notch-grinding, characterised in that the
grinding pin has a section of rough grit and a section of fine grit, at least one of the
sections being long enough for at least two notch-grinding grooves to be formed
thereon, and further comprising a forming wheel rotatable to form a notch-grinding
groove in the rough grit section and a notch-finishing groove in the fine grit section.

6. A grinding machine according to claim 5, in which the forming wheel is mounted
on said work spindle.



groove in the rough grit section and a notch-finishing groove in the fine
grit section. 6. A grinding nmachine according to claim5, in which the
form ng wheel is nounted on said work spindle. 14 7. A nethaod ?LZ@@“

not ch-grinding grooves in a grinding pin which includes a " \ﬁd ~and
a cylindrical region of resin-bonded grit14ong enough for at | east two
profiled notch-grinding grooves to be forned thereon, characterised in that
the cylindrical region is provided with two axially spaced sections, at

| east one of the sections being |ong enough for at |east two grooves to be
formed thereon, the section axially nore renote fromthe spindle being for
rough grinding and the other section being for finish grinding, and

further conpri sAngthdtEofFoiing hotcRighih@hy YrdRESTIME gindiy S8V idhnQadds $ect i on.
pin spindle, and a cylindrical region of resin-bonded grit long enough for at least two
profiled notch-grinding grooves to be formed thereon, characterised in that the
cylindrical region is provided with two axially spaced sections, at least one of the
sections being long enough for at least two grooves to be formed thereon, the
section axially more remote from the spindle being for rough grinding and the other
section being for finish grinding, and further comprising the step of initially forming a
groove in each section.



