1 GRINDI NG WHEEL 22 DECEMBER 2005 Field of the Invention The present
invention relates to a grinding wheel wused suitably for grinding one side
of a sem conductor wafer in particular but not |imted therr PECESEBER pio50n
of the Prior Art As well known to people af ordinary skill in the art, 10
in the production of a sem conductor device, one-side grinding is carried
out to grind one side of a senicongucto fer to a predeterm ned

t hi ckness. A chuck table having a FEFD%%¥gW$EF%urface and a grinder having
a rotary shaft disposed opposite to the table are used for 15 grinding. The
sem conductor wafer is held on the chuck table in such a manner that one
side to be gr&dfdd 8f ERposR¥EREHI efore, the other side is in close contact

with the chuck tablg) ?Bgsgﬂgrlﬁ'&@ﬁ‘@idﬂ”‘"x"élaﬁt%sattbaﬁhﬁgiﬁgiﬂ@%h%ld of the
rotary shaft. The grinding eel conprises an 20 annular base and a grinding
st one nmeans mussdeduanabhy fonderimlirfacseotitdheobasesembheoniaitimng st one

nmeans i s generally.conmpased of | ur al i,t.y .of .grindi stones which extend
in an arc forr‘ﬂ"“i%l Tatl ggﬁﬁf%lﬁg?ﬁ ﬁ%{Pﬁ d}O%eng%& egngheﬁ?ggSpaced apart from one
another in the circunferential 25 direction. A plurality of coolant flow

holes are forned in the base at_predetermned intervals in the
ci rcunf erent i ACSCILPELPPORT TR oA Y | ow hol es extend penetratingly

through the base fram {B€1t RRokR £$'e]1a&§$lté)!3f %&ﬂihagy skhOYel, SUlS Aie
| ocated on the inner side in a radial 30 direction of the grinding stone

means noubf ed ion theepyndertisuréhce smicendyaser daeictuckneabide is turned

S art o Bk RS o AT o0 Le00arPil o0 e oty

relatively hi gerpeaduttor exfepliey B8predddertninbd08Rickngss.Tha ghuaki ng

stone means O%a&ﬁ% having a flat holding-surface and a grinder having a
rotary shaft disposed opposite to the table are used for

15 grinding. The semiconductor wafer is held on the chuck
table in such a manner that one side to be ground is
exposed (therefore, the other side is.in close contact with
the chuck table) and a grinding wheel is attached to the
end of the rotary shaft. The grinding wheel comprises an

20 annular base and a grinding stone means mounted on the
under surface of the base. The grinding stone means is
generally composed of a plurality of grinding stones which
extend in an arc form in a circumferential direction and
are spaced apart from one another in the circumferential

25 direction. A plurality of coolant flow holes are formed in
the base at predetermined intervals in the circumferential
direction. The coolant flow holes extend penetratingly
through the base from the top to the bottom, and their
lower ends are located on the inner side in a radial

30 direction of the grinding stone means mounted on the under
surface of the base. The chuck table is turned at a
relatively low speed (for example, 100 to 300 rpm), and the
rotary shaft and the grinding wheel attached to the rotary
shaft are rotated at a relatively high speed (for example,

35 4,000 to 5,000 rpm). The grinding stone means of the



22 DECEMBER 2005 2 grindi ng wheel is pressed against one side of the

sem conduct or wafer and noved forward, whereby a grinding of one side of

t he sem conductor wafer is effected. During grinding, a cod2DECEMBERZ005
pure water is supplied into the 5 coolant 41 ow hol es of the grindi ng wheel
through a coolant flow passage fornmed in the rotary shaft to flow out from
the cool ant flow holes which are open_to the under surface _of the base.

From t he exper BEHEIRE WeeL AFeRFEPSBE PRI R SiH§ PhvEREi on, it has

been found thagehlcHdHidH WwaFeRd ahBenofoMVERLIARA! Wild-adiyng wheghigescri bed
above, the coolant supplied is not fully effectively used for cooling the

grindi ng stoneCheeR® BHAq € FhiengeRgcanddtandalies i dfegitednd RuiMace of
an object to b -} 1 ] f: i thes t hat
J @f%ﬁ%@ﬂ' d olalt uéﬁnhgwtv%[té’}? b= s %’Eétﬁg %ﬁgéu% e

the grinding cy is not always satistactorily rasi on
of the grirdi ngostame Mieansodlest bé ghengrmdivnpethedls theloaghvel gobhage. 20

Summary of the_lnvention It_is pringci pal, obj ect of the present _invention
Lo make ful | yEoPY ASRAISLSETOF% HE EBBI ERET TRCUFR AR B1Cc 5™ he
grindi ng wheel th8dcddeardto-fiewdheoted hiektaky opdPr@yithe UhGedr E0EEage Wheel .

25 When the inventor of the present invention has studied the grinding
using the conv@ﬁt?@ﬁuﬂaﬁﬁﬂ ndi ng wheel, it has been recognized that a.

consi derabl e amount afod e cA0IAnbbONE O MBISLALA Jdidl plceati on

wi thout being fully utilized to coo grinding stone neans and the to 30
be- gr ound 1dbj ettvémitiermse idf hasr beani fehydhthpt sireartindewng wisiiog thet he

Sbove pri nci pal o OB G e Lt Cal AR O THEr A AT SRpE08n ePhe base
of the grindi ngupdedd iwmetsgedilfi edfbytiforyiuged faaolcariling the
grinding stone means of the grinding wheel and the to-be-
ground surface of an object to be ground, i.e., a
15 semiconductor wafer with the result that the grinding
efficiency is not always satisfactorily high and the
abrasion of the grinding stone means of the grinding wheel

is relatively large.

20  Summary of the Invention
It is a principal object of the present invention to
make fully effective use of the coolant to be supplied to
cool the grinding wheel and the to-be-ground object by
improving the grinding wheel.

25 When the inventor of the present invention has
studied the grinding using the conventional grinding wheel,
it has been recognized that a considerable amount of the
coolant flows outward in a radial direction without being
fully utilized to cool the grinding stone means and the to-

30 be-ground object because of a relatively high speed
revolution of the grinding wheel. Based on the above
recognition, it has been found that the above principal
object can be attained by improving the shape of the base
of the grinding wheel, more specifically, forming a coolant

35 pool which is open inward in the radial direction in the



35 pool which is open inward in the radial direction in the 22 DECEMBER 2005
3 inner surface (inner circunferential surface) of the base so that the
cool ant supplied to the base of the grinding wheel is tenpae®ECEMBER2EOS ed
fromflow ng outward in the radial directjon and then, caused to overfl ow
toward the 5 grinding stone neans and the to-be-ground object. In other
words, accordipng to the present invention, there is provided a grinding

wheel conpri si HfSh S¥@CE (1HREE SHECUMIRL SR IRY StShechiaRt FBENERP on the

ynder S!Jffaces&ftﬂa&e t@x_@ﬁ%oo\&‘aﬁ'&ebﬁpéﬂi@d ool el owhieb igﬁiﬁ@ i nwar d
inaradial directionis formed in the inner surface of the base. 1n a

preferred enbodisfintisofteppeOrgradEnprevRifd dirom fHevwiogl aREWaEd| in the
conti nuously extengds 4iie+Gidhcy eEgQé{”ax#auéjéd'e&“o%rfFBQ Eeéaéfattrpé)f' 'S

defi ned between an upper 15 incline ace which inclines downwardly
outward i nSt hegriradingl sdiomecimeansaadd atlpe ofjedis-mgrosmd§ abgewhi ch ext ends

substantially horizggé%ll and autward in.the r di rection Qelom/the

i al
upper inclined surf Y ﬁﬁlﬁqg fyaS?or%%ﬁﬁhﬁﬁ(:I%ﬁﬂ¥eﬁgp h&§Vept1ons

comuni cati on fides (ehigHbvdQlecloaTyRi S&l €y Wiide I Ronpeakany pACknhi DR t he top
surface of the base are forned at predetermined intervals in _the
ci rcunferenti P2%8 rAd¢ iPoHT IR NPaSECRATMRAT DRIUTLSE PRedhesUREGEe whi ch

inclines downwgrddyeoypnai@d Hagkheyhadish direction bel ow the projecting
surface. Preferably, a 25 plurality of cool ant gui de grooves whi ch extend

fromthe léool ant poolcaadartte ppoilnwhagh si®nepereaimywande inoenwddialt he i nner

surface and the, er_surface of the S ermn i rvals in the
circunferentia:“%%g€é¥ﬁgﬁ.%%ﬁygpeénggé'f#ég%ooIgﬁg%bﬁ&hgﬁgrggégé ext end
fromthe 30 cool ant poa pravienrdeidhempodimeny of ottee Mmrazenandneeeaciongl i ned

toward one side inc%gf ci;ggﬁgerential direction ln a preferred .
enbodi nent , tfﬁp%ﬁq qﬂ} CRBLABUOUSLY extends in a circumferential

direction. The coolant pool is defined between an upper

15 inclined surface which inclines downwardly outward in the
radial direction and a projecting surface which extends
substantially horizontally and outward in the radial
direction below the upper inclined surface. A plurality of
communication notches or communication holes which

20 communicate with the coclant pool from the top surface of
the base are formed at predetermined intervals in the
circumferential direction. The base has a lower inclined
surface which inclines downwardly outward in the radial
direction below the projecting surface. Preferably, a

25 plurality of coolant guide grooves which extend from the
coolant pool to the grinding stone means are formed in the
inner surface and the under surface of the base at
predetermined intervals in the circumferential direction.
Preferably, the coolant guide grooves extend from the

30 coolant pool toward the grinding stone means and are
inclined toward one side in the circumferential direction.
In a preferred embodiment, the grinding stone means is
composed of a plurality of grinding stones which extend in
an arc form in the circumferential direction and are spaced

35 apart from one another in the circumferential direction,



conposed of a plurality of grinding stones which extend in an arc formin
the circunferential direction and are spaced 35 apart from one another in
the circunferential direction, 22 DECEMBER 2005 4 and the cpohBOEMBERIZI05
grooves are formed correspondingly to the grinding stones. Brief
Description of the Drawings 5 Fig. | is a partially cutaway perspective view
of a preferred enbodi ment of a grinding wheel constituted according to the
present inventkag; tié deodl drst quﬁ@'ét E%bbye§né§é deshreef td s ponewng iyt be
grindi ng wheel shown in Fig. is a sectional V|eM/shomnng how to
grind one S|déh6f9é?%@#ﬁixﬁﬁﬂﬁ@ﬁor mafer by using the grinding wheel shown
in Fig. 1; Fig. 4 is a partial sectional view of another enbodinent of a
grindi ng wheel constituted according to the 15 present invention; Fig. 5is
a partial perspetefveesdmiptofort lod ghbnaraginQMeel shown in Fig. 4; and Fig.

6 is a partdally enlgéged sectlona% 2 convent i onal %, ndlng wheel
used in Conparative rrp]re 2 Bt ditred nggy?%tg%zﬁs%?ct[:hve réterPed?

Enbodi ments Pr plefeeteddmsbdiing: of a grinding whesl «anstiidutlead according
to the present invention will be described in nore detail with reference to

t he acconpanylﬁﬁcﬂF%ﬁP%g§31§§*WFFWGP§féP§ﬁEEl?%fF|g | and Fig. 2, the

grinding wheel entigghy ﬁeﬂé)téacba%‘cﬁ‘ﬂﬁr 8h12-§04PEESERoRa PaSR o%n@hea
grindi ng stone neans 6. The base 4 which can be made froma suitable netal

such as aIunlnGﬁin@lmgnduyﬂaﬁﬁdWESl@ Fidel & and has an annul ar top surface 8
which is gﬁ subst ant él y3 ho, |§g&1; ng'i aaayl Qﬁonxq‘?r%%b”gc?Cg%ﬂn% which s

subst anti y horlzon arical Tout &r
side of a semlconductor wafer by using the grinding wheel

shown in Fig. 1; _
Fig. 4 is a partial sectional view of another
embodiment of a grinding wheel constituted according to the
15 present invention;
Fig. 5 is a partial perspective view of the grinding
wheel shown in Fig. 4; and
Fig. 6 is a partially enlarged sectional view of a

conventional grinding wheel used in Comparative Example.

20
Detailed Description of the Preferred Embodiments
Preferred embodiments of a grinding wheel constituted
according to the present invention will be described in
more detail with reference to the accompanying drawings.
25 With reference to Fig. 1 and Fig. 2, the grinding

wheel entirely denoted by numeral 2 comprises a base 4 and
a grinding stone means 6. The base 4 which can be made
from a suitable metal such as aluminum is ring-shaped as a
whole and has an annular top surface 8 which is

30 substantially horizontal, an annular under surface 10 which
is substantially horizontal and a cylindrical outer surface
12 which is substantially vertical.

It is important that a coolant pool 14 which is open

inward in a radial direction is formed in the inner surface

35 of the base 4. In the illustrated embodiment, the inner



12 which is substantially vertical. It is inportant that a cool ant pool 14
which is open inward in a radial directionis fornmed in the inner surface
35 of the base 4. In the illustrated enbodi nent, the inner 22 INHIENMBER 2005
5 surface of the base 4 includes an upper yertical surface 16 which extends
substantially vertically downward, a retreating surface 18 which extends
substantially horizontally fromthe |ower end of the upper wvertical 5
surface 16 out fBFfarn ehethadiafie di ABELPERAS ah WBRRY VehidGade§9SdRFECEE 20

whi ch extends j,aglhnedl yngovanal:ding i 209 WeE e ifai e dAghalrai ection from
the outer end 1n the radial direction of the retrieating surface 18, an

i nter medi at e veetreatingrwckace? Mhiwbhchxersherds cswhaianitidyly vertically
downward from . d t r_ipelin v proj ecting
surface 24 whi %Egl%‘%{%@i%%ﬂ d‘!hl%n #’%ggr 3§?a+£ d1|: r%éﬁ%%?r%%’ﬁ%&t antially
hori zontal |y feopfade 16dveutwnd din the radesabedisdéetivert iamalupparf ace 22 and
hence, bel ow the ggger inc%ineg% %85§ rface ég,_a iomg{ vertical surface 26
whi ch extends 18GHSREHtFEF13F% &0 "EaChy SHbRRAMr 1S + 9 e dWRERIERE in the
radial directi ggtphrd hen Pfd esdding surbaceordsrandire |oWWRr dniiclihnedesur face
28 whi ch extends inclinedly downwardly outward in the radial direction from

the lower end &pdiak dDreshisn wf thhealresupphited 289r e ol @ntaMmool 14 having
a nearly “ghiﬁéégxhg&'i%éa&%;ﬁéals%%&k%é' 25%1571#1’% ¢ bet ween t he
an e ace

upper inclined surface projecting sur : cl udi ng portions
wher e commiihi catbshamoizhkp vert lvmldesdoivhedrd af eom arlee floweed endhefabbee

20, 1 i o1 med aBEBEET TG PS TR 2006, BEPPRGE i (4L 98 24 BB hver t) cal
surface 26 andekeskdsi DekaredisWHacadd8latere6ondh Nl dubdtamdlilg a
circunferential direction, and the _above cqol ant. pool 14 is, al so
conti nuously f BpRregonrkally from the lower end of the intermediate
vertical surface 22 and hence, below the upper inclined
15 surface 20, a lower vertical surface 26 which extends
substantially vertically downward from the inner end in the
radial direction of the projecting surface 24, and a lower
inclined surface 28 which extends inclinedly downwardly
outward in the radial direction from the lower end of the
20 lower vertical surface 26. A coolant pool 14 having a
nearly right-angled triangular sectional form is defined
between the upper inclined surface 20 and the projecting
surface 24. Excluding portions where communication notches
to be described later are formed, the above upper vertical
25 surface 16, retreating surface 18, upper inclined surface
20, intermediate vertical surface 22, projecting surface 24,
lower vertical surface 26 and lower inclined surface 28 are
continuously formed in a circumferential direction, and the
above coolant pool 14 is also continuously formed in the
30 circumferential direction. The coolant pool 14 is not
necessarily continuously formed in the circumferential
direction. If desired, a plurality of coolant pools
extending in the circumferential direction may be formed at

predetermined intervals in the circumferential direction.

35 The inclination angle a of the upper inclined surface 20



30 circunferential direction. The coolant pool 14 is not necessarily
continuously formed in the circunferential direction. If desired, a
plurality of coolant pools extending in the circunferential22dEEGECVMBER 200y
be formed at predetermned intervals in the circunferential direction. 35
The inclination angle a of the upper inclined surface 20 22 DECEMBER 2005 6
may be about 10 to 30. The inclination angle $ of the |ower inclined
surface 28 maymée kdohowss o te530ff Thesiinedinghéoprapetei Agosfuthace 24 nmay

be inclined doypuardlo ifuRiedieAcknss 1ALy abe dldf! han .l san angie of - 5 20
or less. As clearly understood with reference to Fig. 1, a plurality of
conmuni cat i on #@estred, 3Meeprengcngngrsnrtdee Idbpragudeacecdinedt he above

retreating sur f .th i nne u ce are faqr.ned _in_th e at
pr edet er m ned é%%fgn}?%l&/akg%irﬁi tlﬁebé?r%% E'glrec{n r|eaQCl r e‘%‘t F%ln%ng/grgé’é
specifical |y, 20% ewtldezs, are fornmed at equi angular intervals so that the

top surface of the base 4 rﬁ&m"ru icates with the_above cool ant pool 14

through the conmmuni%tatFd I8HOORFhER T HRF GRHR G0t 718 not ches

30 is substantpahty SEMH IcHdindinidRdi SRR 0 IdMR/NaInge firBmt BRer adi al
direction. |If desired,, comunication holes which have a suitable sectional
form such as BoRiswifiane ffort@ 4he abeve| eI ihsunfisse dBdefi khet he

radial direct i pigpyc e Jar ied eBglacenofnd e, 20 £omuiaation; aghches 30.

A plurality of screw holes end substantralTy vertically
downwar d flrlom feervals siur frhee clranefénethisl fdimeddt iion.t hBobase 4 at

redetermned intervals in the circunferentjial direction. In_the
PI | ust r at ed en%?)%ﬁjn’éérﬁafsl]é"blsilﬁd n?@FE@\F hdT Bs™ 35" é3f2§q‘u&taﬁ§&r1§97 equi angul ar

interval s and {geatwd atsd HRfRAeatep PEBFAEONSE hafaefikead) acent
communi cati on notches 30, viewed fromthe circunferential direction.
, communicates with the above coolant pool 14 through the
communication notches 30. Each of the communication
15 notches 30 is substantially semicircular and open on the
inner side in the radial direction. If desired,
communication holes which have a suitable sectional form
such as a circular form and are closed on the inner side in
the radial direction may be formed in place of the
20 communication notches 30. A plurality of blind screw holes
32 which extend substantially vertically downward from the
top surface 8 are further formed in the base 4 at
predetermined intervals in the circumferential direction.
In the illustrated embodiment, 6 blind screw holes 32 are
25 formed at equiangular intervals and located at intermediate
positions between adjacent communication notches 30, viewed
from the circumferential direction.
Keeping describing with reference to Fig. 1 and Fig.
2, the above grinding stone means 6 is mounted on the under
30 surface 10 of the base 4. Stated more specifically, in the
iilustrated embodiment, an annular groove 34 extending
continuously in the circumferential direction is formed in
the under surface 10 of the base 4. The grinding stone
means 6 is composed of a plurality (27 pieces in the

35 illustrated embodiment) of grinding stones 36 which extend



Keepi ng describing with reference to Fig. 1 and Fig. 2, the above grinding
stone neans 6 is nmounted on the under 30 surface 10 of the base 4. Stated
nore specifically, in the illustrated enbodi nent, an annul23DEFBYBERZR0S
extendi ng continuously in the circunferent}al direction is forned in the
under surface 10 of the base 4. The grindihg stone neans 6 is conposed of a
plurality (27 pieces in the 35 illustrated enbodi nent) of grinding stones 36
whi ch extend 2¢h RECEVBER02G05n7 tha abreumfdmmniial dieecitionntadeat¢ al

direction and are paced part fromone anoth in the circunferential
i recti on, - andBAGesh Gt o8t OBRCRNGrTeaI iy MR F TEBTEErREREY Lo ¢ he

groove 34 by adptddtwaling adidesi ept fobeise iy ethdn \Wriihdiing dRdae serisace 10
of the base 4. The %Kandlng stones 36 each may be ones forned by binding

t oget her di anbiEhBiiCcaginge IFPEVEs 3hyPR & Ut Shiaddes 1¥gchCabeaseqiiad fi ed
bond. The T%r O%lﬁﬁcéﬂeo%ﬂdero%@r@gcgagg Of 1 {1 N3 Qne 3he NBy da.xl?c?lﬁd%t angul ar.

In place of the plurality of O grinding stones 36 arrange
pr edet er mi ned sty dés sagh mhe ber ones efemdd by ibdedtingn togktiesi red, the

onti nuousty SA R GRERCNE. GEREORT B chiT e o rirah: Bgh 85SRpl y shows

how to grind onetsifdedboad. 15Tsedssprluciceionaliefod® by aschggtieiigid ndi ng
wheel 2 illustrated in Fig. 1 and Fi 2. The_semn conduct or waf er 38 one

si de of whi ch $°1% e Mo rie§tﬁ89’dg% al@hpdReet gb| EhaPiwr LW Simanner
that one q'Odea#le:ﬂf Q4G fs2 RS arEQn%de& BRARARE MRV i nReelgrably, at

| east a centr 20 mej or portion of the chuck table 40 is nade of a porous
mat eri al or hathe digyefereddd adf déueet&on holedegdiingd hahe grindinda

S et une, Sl olp BNV AGBREL IR NE SETEIMALY RLR 3T A oL
is attached t ccdteirermohsdfy telxeending in the c1rcumferent1al direction.
Fig. 3 simply shows how to grind one side of a
15 semiconductor wafer 38 by using the grinding wheel 2
illustrated in Fig. 1 and Fig. 2. The semiconductor wafer
38 one side of which is to be ground is held on a chuck
table 40 in such a manner that one side to be ground faces
up to be exposed upward. Preferably, at least a central
20 major portion of the chuck table 40 is made of a porous
material or has a large number of suction holes which has
or have a structure capable of vacuum-adsorbing the
semiconductor wafer 38.
A rotary shaft 42 is disposed above the chuck table
25 40, and the grinding wheel 2 is attached to the end of the
rotary shaft 42, i.e., the lower end of the rotary shaft 42.
Stated more specifically, a mounting flange 44 is formed
integratedly with the lower end of the rotary shaft 42, and
a circular depressed portion 46 having a relatively large
30 diameter is formed in the under surface of the mounting
flange 44. A coolant flow passage 48 which extends in a
vertical direction and is open to the circular depressed
portion 47 is formed in the rotary shaft 42. An additional
member 50 is fixed to the lower end of the rotary shaft 42,
35 that is, the mounting flange 44. The additional member 50



rotary shaft 42, i.e., the lower end of the rotary shaft 42. Stated nore
specifically, a nmounting flange 44 is forned integratedly with the | ower
end of the rotary shaft 42, and a circul ar depressed porti hADECFMEBERZOGS
relatively large 30 dianmeter is forned ingthe under surface of the nounting
flange 44. A cool ant flow passage 48 which extends in a vertical direction
and is open to the circular depressed, portion 47 is forned in_the rotary

shaft 42. An S8BPEFBRAPT FMRRCLEOFSiPRXBAVIRI tHPY Giriay sPet faPotary
shaft 42, 35 blakr! &;jahdieMUMNIHRD 1hha008; dferdP e At IONRN gemer 50 22

DECEMBER 2005 8 consists of an upper portion having substantially the sane
out er di anet edenseshediportiall Afetedd of loWercherilenr halsigiessed portion 46

and a | ower p%@kg?\nf'%%ﬂr}gutnrf‘%‘%r%“toh%kygigxﬁﬁgéﬁeaé)%ﬁé S aPLqLnasethe

out er di ameter ange 4 upper portion i$§ Ftfed in
the circular déprkeseoupoing afl stfe ddd aheanppeéarpehoidrers fSutleadcéndef i ned

bet ween t he upper Eort'oncfnd t he ] ower |, or%ion S contacted to e_under
surface of thé& frofint Fho?™ (IRIge 4. P?ﬁF&ﬁgh4 ol B3 e&?eﬁﬂﬂéﬁfﬁ ﬁhPﬁé Padi al
direction 10 gperntBedOtfdd GBeGiER ARt LpbeUpbACoRfalda HDURBKIRY fl ange
44 to the circul ar depressed portion 46 are formed in the nounting flange

44 at predet ePRFREENI #E cPomrtachafl thee thei npdarerentace of ridia mowntBRENd screw
hol es extendi g ah@g Lhe r@@oﬁ:lg&dhfﬁ%' o LLOMJ NG, Qpfer a%%’éflaﬁga%ti(gﬁ 15
0 are for In the a

addi tional nenber e upper portion o rtronal
menber 50L&t prevetbke nowesl i oimrudlesentinhesucfacend£rem imundiingcti on, and

the additional.,nenber,50 is fixed.to th ing fl 44 b '
fasteni ng bol CAS088 | Attt HRE T o0 SRERGT B0 GPor FROACH (1ot ber 50

20 through thent Aheugbuhol s 4 0dmRd 44n akthpraagbéininéd angeerd/hls Anseaki ng
ring 52 which may be made, from synthetic_rubber is provided between the
out er surfaceCeFcERéCTBPet2 h AT IV PRePEIEFFPBNAP L FR ee™H Nehd t he

inner surfacetfb tH@ial direction from the outer surface of the

15 additional member 50 are formed in the upper portion of the
additional member 50 at predetermined intervals in the
circumferential direction, and the additional member 50 is
fixed to the mounting flange 44 by screwing fastening bolts
51 into the blind screw holes of the additional member 50

20  through the through holes formed in the mounting flange 44.
A sealing ring 52 which may be made from synthetic rubber
is provided between the outer surface of the upper portion
of the additional member 50 and the inner surface of the
circular depressed portion 46 of the mounting flange 44,

25 and a sealing ring 54 which may be made from synthetic
rubber is also provided between the annular shoulder
surface of the additional member 50 and the under surface
of the mounting flange 44. A plurality of (six in the
figure) grooves 56 extending radially from the center are

30 formed in the top surface of the additional member 50 and
heles 58 which extend substantially vertically from the
outer ends of the grooves 56 and are open to the under
surface are formed in the additional member 50. The
grooves 56 and the holes 58 communicate with the coolant

35 flow passage 48 formed in the rotary shaft 42.



circul ar depressed portion 46 of the nounting flange 44, 25 and a sealing
ring 54 which may be nade fromsynthetic rubber is also provided between
the annul ar shoul der surface of the additional menber 50 ZAPECEMBRBL00S
surface of the nounting flange 44. A plur@lity of (six in the figure)
grooves 56 extending radially fromthe center are 30 forned in the top
surface of the additional nenber 50 and holes 58 which extend substantially
vertically fromthe Kespieag gegsrobinaevirboeferstcendoafégsped to 8he under

surface are f Hagee Ltion ﬁggge . e [.QO a

hol es 58 connﬁ%?%ggg%ﬁﬁgﬁ ?ﬂgeéoglg%t %%3¥b§§%é§ggig %ggﬁégeiﬁpfﬁgg
rotary shaft 4RidiZ2d obBCENMBERe2066. 9 AKedpiradidgsofi bsig im tthe ef Eyemge to
Figs. 1 to 3, _.the qgrinding wheel..2 is mounted.to the und surface of the
addi 1 onal merEOUsd NRISEEEFPRGIAY TLISCANE Y VGEFATA Ly BEG R FOTRS
ext endi ng subsirardhealmoyintehly €abhye at e 4rd r@kk 2dditibaatomnshbeg §b ange 44
and the additional nenber 50 at predetermned intervals in the

ci rcunf erent i Aragateamipnd ipfeseatai Hy Fhestddiovgiissensisd Aarectierabove
blind screw f LA SAH T t se14..0f

grindi ng mheepgé%?ﬁééﬁgﬁr?ﬁgtkﬁ%gggﬂéﬁﬁﬁegg éﬁﬁ§ g&ﬁh%ﬁﬁgglglﬁﬁgefé€§?s
mount ed on t hehalrde32sdofraed ah the twoplitimimle aferdher b88g thaf tke t he

| ower end of the ratary.shaft, 42. The_.above re ctive nmuni, cat i on

not ches 30 forffed H?gt#@eegaéetﬁrS?g?h%b%u?qﬁﬁqﬁépiﬁégﬁ'2%§?e9568aﬂ?%ated
with the labowdegspedls weuhgk@sch8therimiblt surtacaddift karakbdaebesialS 5SO0.
Therefore, the above coolant pool 14 fornmed in the base 4 of the ﬁrinding

wheel 2 comuriemRe&s Mirt Fheke 15coblantoe b thfagdesgorsrvedhphtihe- rotary

shaft 42 thromgh JdiifeC Q@EPRIceaLE0BoRRL £IteS: 30 Tyimddl Bot Be-hageid and the
hol es 58 and the groves 56 formed in the additional 20 menber 50. \Wen the
sem conduct or Wkferd 3¢ ithet groadgnguveet e are coordinated with the

above respective holes 58 formed in the additional member
15 50. Therefore, the above coolant pool 14 formed in the
base 4 of the grinding wheel 2 communicates with the
coolant flow passage 48 formed in the rotary shaft 42
through the communication notches 30 formed in the base 4
and the holes 58 and the groves 56 formed in the additional
20 member 50.
When the semiconductor wafer 38 is to be ground, the
chuck table 40 is turned at a relatively low speed of 100
to 300 rpm, the rotary shaft 42 is turned at a relatively
high speed of 4,000 to 5,000 rpm, and the grinding wheel 2
25 is pressed against one side of the semiconductor wafer 38
to grind it gradually. Thus, one side of the semiconductor
wafer 38 is ground by the grinding wheel 2, more
specifically by the grinding stone means 6. During
grinding, the coolant which may be normal temperature pure
3¢ water is supplied through the coolant flow passage 48 in
the rotary shaft 42. The coolant runs £from the coolant
flow passage 48 of the rotary shaft 42 through the grooves
56 and the holes 58 formed in the additional member 50 and
flows into the coolant pool 14 through the communication

35 notches 30 formed in the base 4 of the grinding wheel 2.



chuck table 40 is turned at a relatively | ow speed of 100 to 300 rpm the
rotary shaft 42 is turned at a relatively high speed of 4,000 to 5,000 rpm
and the grinding wheel 2 25 is pressed agai nst one side of tCh®rCEMBBRA0ER Or
wafer 38 to grind it gradually. Thus, onggside of the sem conductor wafer
38 is ground by the grinding wheel 2, nore specifically by the grinding
stone neans 6. Durin gri.ndi ng, the coolant which may be nornal tenperature
pure 30 water FPEupPlE SFiRALBEgRReRE £dd dNeredodtpassadatisein hide rotary

shaft 42. The £OQlAnt,dling AL EEMELRE LAU AN orldeOWcRaS8AIENE8- Q61440 rotary
shaft 42 through the grr'cﬂ)'?rc:vcaals[-:I 56 and the holoes e58cf ornmed I n %he addi ti onal

menber 50 and thexshy imakdnghsheoobalnpdolowl puthesdghnt hke coadiml cati on 35

not ches 30 forgﬁq i he of . i.ndi e ) ER 2005 10
Since the grin |n§%%é§ﬂ éﬁ?ﬁvéﬁwﬁﬁ%ﬁgtqéerg?§??§€|§%%fgkg%§§5§§¥§very | ar ge
centrifugakb fosmen actwmran inheheophdddl didwertdlon dekiEbgmédeisoohant fl ow

outward in the radjal i rection. However, since the cool ant pool 14 which
is 5 open i nwa¥d- QEh@%FE iéICBP?E%ﬁ? iCGF9Heg tR the Pﬁ??ﬁﬂ?ng wheel 2

constituted acoardlivithr,0 thBecBbeashtwhidlY @l ol ReoGOBLephrdhi ghtHends to
flow outward in the radial direction is tenporarily retained in the cool ant

pool 14 so tharadial sligleeréanedsf remrdtaning reravaed in the gookamt al

direction. After qt, i i | i ;
the cool ant pdii 14 fibations o i AT ansh Basra b HEE L oda cn
is inclinéd outadhradl idirecheonadiZitedi riectisomebelinadt e dodlanilypoopodd and

is guided onto, t he grindi st ane ans 6 %ﬁglone si.gde the, 15

sem conduct or 1 érgﬁ’ed‘ﬁgﬁwa g§°}f‘®%r‘?% W&&e_l%aggogg é‘%\”?lc%lqrf?e
cool ant whi ch 4ife Qauead inelihew suir@cd i diienh Hadiakldhe@cbiopagueid o the
hi gh-speed rotation of the grinding wheel 2 is tenporarily retained in the

cool ant pool e &rfiHediSEFPAPRAIPE Y ey Ad@ndi peolt h4t apd, ig

guided onto the grinding stone means 6 and one side of the

15 semiconductor wafer 38 ground by the grinding stone means 6.
Since the coolant which is caused to flow outward in the
radial direction due to the high-speed rotation of the
grinding wheel 2 is temporarily retained in the coolant
pool 14 and then supplied to a required site, that is, a

20 site where grinding is carried out, the coolant is
prevented from flowing outward in the radial direction
excessively and being wasted, thereby making it possible to
fully make effective use of the coolant.

Fig. 4 and Fig. 5 show another embodiment of a

25 grinding wheel constituted according to the present
invention. In the embodiment shown in Fig. 4 and Fig. 5,
the projecting surface 24 defining the coolant pool 14 is
inclined downwardly inward in the radial direction at an
angle v of 20° or less. A plurality of coolant guide

30 grooves 62 which extend from the coolant pool 14 to the
grinding stone means 6 are formed at predetermined
intervals in the circumferential direction in the above
lower vertical surface 26 and the lower inclined surface 28
of the inner surface of the base 4 and the under surface 10

35 of the base 4. The plurality of coolant guide grooves 62



20 site where grinding is carried out, the coolant is prevented from
flowing outward in the radial direction excessively and being wast ed,
thereby nmaking it possible to fully make effective use of EhPECEMBER 2005 g.
4 and Fig. 5 show another enbodi ment of a;,25 grinding wheel constituted
according to the present invention. In t%e enbodi mrent shown in Fig. 4 and
Fig. 5 the projecting surface 24 defining the coolant pool 14 is inclined
downwar dl y i n&&ied fogmeeceorte aPori ¥Rty Gi9 aheapluzpglieyyodf gponGEng ess. A

plurality”of caolant sgui de 30 @00¥es B21uhk chy £XL ERLL A NG00l ant pool

14 to the grinding stone neans 6 are forne predetermned rntervals in
t he circunf er emxttieald gubetantnally theramidy Wowbputebeingl isctimed 26 and

t he | ower inclined.surf?ce 2&. Pfdthe_gnner surface gf the.p se 4 and the
under surface 6 58 SPOFRECREsRT A HFRE 10 Ur & E96F SEGSHakt gu?%%ergerr{?oe\/es 62
22 DECEMBER 2@@5Fll.ace ferpedadeanespand rglay taeyharpl inel ided ofovgdandi ng
stones 36. Although the cool ant guide grooves 62 may extend,substantially
vertical ly wi (R6uEie8i g Fhel Fhecinfereiid adi ddgRréienri Bhati t2cti®rtbes

under st ood W tRefigheRstedriOn Fbe- tie %ﬁiﬂcﬁ.n@d%@bﬁggoﬂé Lhapitdey & e
inclined toward one side in the circunterential direction, that is, in the

rotation di regEdugeothehtegdendy nof vithelcoplisgteltionifdaweior theeduce t he
tendency of t I I i i r ial.directipn used by
the rotation oriERBeREbetPak droreltf SRR B 2orgti8hcrforlof “each

of the cool arfrigdiicle gheeves. 62 reficandd vy, othbelowaeresdirdBicacd oft ke
grinding stone 3@ at an,ypstream side of the center t he grindin st one

36 in the rot &R PELER ATBPVERE 2 FFHTfNIA Sandse g].;m‘?ﬁesil ER¢RRY on angl e
8 toward one sipde 1§ nbAnkherchecyst o et hlstdidhactiion 8k the ceptantomui de
grooves 62 may be "around 20 to 60. In the grinding wheel shown in Fig. 4 and
Fig. 5, the the grinding stone 36 in the rotation direction of the
grinding wheel 2. The inclination angle 8 toward one side
15 in the circumferential direction of the coolant guide
grooves 62 may be around 20 to 60°.
In the grinding wheel shown in Fig. 4 and Fig. 5, the
coolant retained in the coolant pool 14 flows out mainly
through the coolant guide grooves 62 and is guided to the
20 grinding stone means 6 and onto one side of the
semiconductor wafer 38 (Fig. 3) which is being ground by
the grinding stone means 6.
The grinding wheel 2 shown in Fig. 4 and Fig. 5 may
be substantially identical to the grinding wheel 2 shown in

25 FPigs. 1 to 3 except the above constitution.

Example
The grinding wheel shown in Fig. 1 and Fig. 2 was

manufactured. The base was formed from aluminum. The

30 outer diameter D1 of the base was 290 mm, the height H1l of
the base was 17 mm, the inner diameter D2 of the top
surface was 158 mm, and the inner diameter D3 of the under
surface was 178 mm. The height #2 of the upper vertical
surface of the inner surface of the base was 2.5 mm, the

35 width Wl of the retreating surface was 3.8 mm, the



cool ant retained in the cool ant pool 14 flows out mainly through the

cool ant gui de grooves 62 and is guided to the 20 grinding stone neans 6 and
onto one side of the sem conductor wafer 38 (Fig. 3) which 23DEEEMBER 201
by the grinding stone nmeans 6. The grindifg wheel 2 shown in Fig. 4 and
Fig. 5 my be substantially identical to the grinding wheel 2 shown in 25
Figs. 1 to 3 except the above constitution. Exanple The grindi ng wheel
shown in Fig. incdidakign angse waalftlee wpmer Theliasd wasitoenmeds2bm

al um num The +3( %h?rthdtimﬁ eﬁd?%#e;%ﬁeerﬂ %%c%?%%d"‘@ﬁr??@e s 918 *hﬁﬁ,g*%e"'l of

the base was 17 nm the Inner the top surface was 158 mm
and t he inner héiigiet 83 DE blhet hetermsliateuvkbatécndssi7apen wathel Hfeimght H2 of

t he upper vertjical.. rf.ace_of, the i r. surface of_ the, bas 2.5 mm the
35 width W oftht%hé”r%#r;e“gt?ﬁgt% i3t s‘“gs.sélr%%cet%gzﬁ' 2005 12

inclinatiob angligha aft bhethppbswencldmadadushizgtaceasa20].6 the, |tgrgt h LI of
the upper inclined surface was 8.8 mm the height H3 of the internediate
vertical surfdéeli@ation anglet Reohi Bie Vewesr imed ipes svrfagesurs at2’ mas 6. 3

mm the 5 hei gita BheOflehfen! B¥85 Veid I1GAlerSUNEAS BeWASuLf BcdThad NBL. 3 mm,
inclination angle 3 of the lower inclined surface was 45, and the |ength L2

of the |ower i4lc/Graddisdr sheresadena Biyed toprher nAdpAgsvTEMes akrtdd i xed to
the under Sgg&%&% ok Eﬁgalbfﬁ?e§5aﬁggﬁgtﬁﬁ$%&%@k@f%ﬁe# g. ¢l gepmderantial

di rection. ach "griniding stone engt e circunferentia
directionlof ZHachmgrdntihhgkeesse THadfa 4dhgtm addia theoféctambertentgidl L4

fromthe under, surface of e base of, 5.2 mm.and the interyal GL in the
ci rcunf er ent i &*EGCEEOR 8 Egewﬂee% éhﬁ%ﬁﬁﬁﬁ? &Fiﬁéiﬁggspﬂnéggm%s 2.2 nm Each

grinding 15 stgcersngnesngehnEd byomitHl Mede@gatRehcdi 8FDARe NEddd W1esS
having a particle dianmeter of 40 to 60 pm by neans of a

5.2 mm and the interval Gl in the circumferential direction
between adjacent grinding stones was 2.2 mm. Each grinding

15 stone was ones formed by binding together diamond particles
having a particle diameter of 40 to 60 um by means of a
vitrified bond and the concentration of the diamond
particles was 75.

The above grinding wheel was mounted to the rotary

20 shaft of a grinder (surface grinder) marketed under the
trade name of DFGB41 from DISCO CORPORATION to grind one
side of a semiconductor wafer having a diameter of 6 inches.
During grinding, the revolution speed of the rotary shaft
was 4,800 rpm, the revolution speed of the chuck table was

25 200 rpm, the grinding wheel was lowered by 200 um at a rate
of 8 um/sec and consequently, one side of the silicon wafer
was ground to a depth of 200 um. Pure water having a
temperature of 24°C was supplied as the coolant through the
coolant flow passage of the rotary shaft at a rate of 3,000

30 cc/min.

After one-sides of 180 silicon wafers were ground,
the abrasion amount (the amount of a reduction in the
projecting length) of the grinding stone of the grinding
wheel was measured, and was shown in Table ! below. The

35 grinding rate was obtained by dividing the total value of



vitrified bond and the concentration of the dianond particles was 75. The
above grinding wheel was nounted to the rotary 20 shaft of a grinder
(surface grinder) marketed under the trade name of DFG841 22 ENBER 2005
CORPORATION to grind one side of a senic?gductor waf er having a di aneter of
6 inches. During grinding, the revolution speed of the rotary shaft was
4,800 rpm the revolution speed of the chuck table was 25 200 rpm the

gri ndi ng wheelgrwasd ovtnedsbyf 200 pid aican waiferel b§ phksectabdvebrsedent |y,
one side of the silicon mafeE was grqund to a depth of 200.pm Pyre water
havi ng a  t eI boFE-BFEoNBIHESS g E-atRe coorar ERTotgh THD

cool ant fl ow passa@ec0ofi bBeowotary shaft at a rate of 3,000 30 cc/mn.
After one-sides of 18Q silicon wafers were ground, the abrasion anmount (the
amount of a r &RTPALGHRiVRE EKBMPHRoj ecting | ength) of the grinding stone of
the grinding wheel : v [ 1 35
grindi ng rgte was oﬁﬁgfﬁgﬁgﬁg&ggCrgﬁﬁa t gﬁ?gfgfuﬂgﬁﬁgl%PEZQQEE%%Q% R 2005
13 ground vol wmsingf byhesshbi sogr vediers Wwhedlhe depttabatakoetbé grimdimg n- out
vol unes of the.gri.nding stopes nd. shown _in Table 1 bgl ow.. Conparative
Exanpl 6 5 For WBalreini PohaolP iR b B AN MR RarEr SPWEFET 1T ound by
using a grindigigepheebri daat sEape tOf tiree g:rais@ismﬁ:wnmgekiﬁsed.i nrhganpl e in
the sane manner as in Exanpl e _except for the shape of the base shown in

Fig. 6. The IRife 6Ff the grinding whral hash am crear ddpBAEEE PHHI2AD0 10
mm a hei gat K, 0fy L4 8k rﬂh?ﬁ &y Ui deelOBs SHr{gce: 138

LAn
mm and an i nner di ameter %g %? ?ze un surface of 178 mm An annul ar
groove which kadfacgepfhlX8 mof dnd ammiambr diamerigal 86 ofosbeserdémnal form

was formed i, the dnBe 1589mR0" WP L nBh hie o8By WA RSE Rla %At xand

of 1.9 mm and a triangular cross sectional form was formed

in the inner end portion of the top surface of the base and

15 12 holes extending from the groove to the under surface of
the base were formed in the base at equal intervals in the
circumferential direction. The holes are inclined
downwardly outward in the radial direction and had an
inclination v of 25° and a diameter D7 of 2 mm.

20 The abrasion amount (amount of a reduction in the
projecting length) and grinding rate of the grinding stones
of the grinding wheel were obtained in the same manner as

in Example, and was shown in Table 1 below.

25 ' Table 1
abrasion amount of grinding rate
grinding stones (mm)
LExample 20.0 14950
LComp. Example 32.0 9344

Comp. Example = Comparative Example



15 12 hol es extending fromthe groove to the under surface of the base were
formed in the base at equal intervals in the <circunferential direction. The
holes are inclined downwardly outward in the radial directionppagMiak 86ds
inclination y of 25 and a dianmeter B of 2 nm 20 The abrasi on anount

(anmpbunt of a reduction in the projecting length) and grinding rate of the
grinding stones of the grinding wheel were obtained in the sane manner as

i n Exanpher asdchasmsbowa:in Table 1 bel ow. 25 Table 1 abrasion anount of
grinding rate grinding stones (m) Exanple20.014950 Conp. Exanpl e32.09344
Conp. Exanple M/Cbnparative Exanple 14 Wat is clainmed is: 22 DECEMBER 2005

L P. ggindi aosyhgel COURCLSi 09, @000yl ar Base18001A-LiHding stone means

nount ed on the~un ace of rein the base- has i nner
surfacegrhhdungosnbaecmehamtnmmmkedwbmchhesu@ﬁem isowded e @fa thadi a
directi%n when_ coolant is provided into the base, and the inner surfaces
i ncl ude®8GPr a¥BETERRt conduct the coolant to flow radially inwardly in

order to eX'EhEh%asBOHEsa%n%%QI%%&f%%%%fEQQQ feeom thesRaahtanddis gui ded
fromthe base to the grinding stone neans. 2. The grinding eel of claim1,

wher ei nwhhiehcasl aptn powlareixtl@n@s r@dmallmcﬁocrglcy on aheirr cgeflement i al
direction The gri di.n tﬁ of clalg}l, wherein the coolant pool is
def i ned 5ePhEEAYSH dpper [DcPATEd &0Ff ace which inclines downwardly outward

in the radi akhdi heak0R3#d R RERIIGEE RGrFUckacendti corxicendse
substantially horizontally
coolant to flow radially inwardly in order to exit the
pocl as coolant overflows from the pool and is guided

from the base to the grinding stone means.

2. The grinding wheel of claim 1, wherein the coolant
pool extends continuously in a circumferential direction.
3. The grinding wheel of claim 1, wherein the coolant
pool is defined between.an upper inclined surface which
inclines downwardly outward in the radial direction and a
projecting surface which extends substantially horizontally
and outward in the radial direction below the upper

inclined surface.

4. The grinding wheel cf claim 1, wherein a plurality
cf communication notches or communication holes are
formed at predetermined intervals in the circumferential
direction, sc that the top surface of the base
communicates with the ccolant pool through the

communication notches of communication holes.



and outward in the radial direction below the upper inclined surface. 4_
The grinding wheel of claiml1l, wherein a plurality of comrunication notches
or conmmuni cation holes are forned at predeterm ned interval 32 DEAEAERER 2005
circunferential direction, so that>the top surface of the base

comuni cates wth the cool ant pool through the comrunication notches of
communi cation holes. 15 22 DECEMBER 2005 5. The grindi ng wheel of claim 3,
wher ei ii-t heThaserbhading vbeeid phickined 3ur¥herewhi thei hgkenkdsdownwar dly

out war d in the. radial .direction bel MLthf‘ﬁrgj cting furface. 6. The

gri ndi Ag’ WHEEI 1BF L EPERnFYE S AEr ¥PACERENGHE ﬂ'n%OW§WBE§ ¥eans is conposed of

a plurghipyraf.gringd ogastones cukich sxtendchp ghogecciggmin the

circunferential direction and are spaced apart from one another in the

circunferéateal direction. 7. The grinding wheel of claim1l1, wherein a
plurality of coolant guide grooves which extend fromthe cool ant pool to
the grinding stone neans are forned in the inner surface and the under

surfacg of t b at . pr rad ned ;i Rteryal s iJeupf erenti al
direct?bn. 8&ﬁ%hg§g??ﬁﬁgﬁgg%%§éﬁ?g? GWa?ﬁl%¥gﬁﬁéégﬁﬁpﬁﬁgj%%gg;nt gui de
gr oovestorgtmadn$ r o ¢drepaost ant gpedhredwaydef her iggingisngnetone neans and

are inclined toward, one side in_ the circunferential. direction. 9. The
grindiHblﬁﬂeﬁftﬁ?dc}%jﬁ97?r ﬁ”tﬁgegFFhaP%ger%ﬁ neans i s conposed of
a plurakieyt0bngehading stonas apdiitChrext end bfc@feari fiogfgmin the
circunferential direction and are spaced apart from one another in the

ci rcunféfFenrfaretttett @breCtlrel t he cool ant gui de grooves are forned
correspondingly to the grinding stones.

7. The grinding wheel of claim 1, wherein a plurality of

coolant guride grooves which extend from the coolant poel to

the grinding stone means are formed in the inner surface
and the under surface of the base at predetermined

intervals in the circumferential direction.

8. The grinding wheel of claim 7, wherein the coolant
guide grooves -extend from the coclant pool toward the
grinding stone means and are inclined toward one side in

the circumferential direction.

9. The grinding wheel of claim 7, wherein the grinding
stone means 1s compcsed of e plurality of grinding stones
which extend in an arc form in the circumferentizl
direction and are spaced apart from one another in the
circumiferential direction, and the coolant guide grooves

axre formed correspondingly to the grinding stones.



