1 1 3 130C11004 SEM CONDUCTOR WAFER CUTTI NG MACHI NE Fi el d of the Invention
The present invention relates to a cutting machine 5 for cutting a

wor kpi ece and, particularly, for cutting a sem conductor wafer wﬁtB%@E
requi red depth of cutting. Description oflthe Prior Art In the prod 'Bﬂm4
of sem conductor chips as is well 10 known anong people skilled in the

art, a nunber of rectangwadrokBgre8s ﬁiﬁE§qﬁ@%£¥ﬁ§1%§&%i@% surface of a

sem conductor wafer by streets that are arrang attice form and a
sem conductor circuit is arranged in each of the rectangul ar regions. The

seniconductorFm@igrOEStﬁgbﬁﬁﬁgl%&gp along the streets into individual

»
rectangular Tregions to o n‘%en1conductor chips. A cutting nmachine used

for separating the Beaigosshict dnwaitdbnalrengtiebeto sareet 8ihgchasiesna
chucki ng nean§ for holding the sem conductor wafer that is to be cut, a
cutting meansiPor CBBE LR 1§ MPEHR- SS&id0EndREEEACUAR ELY hef @F ofM B RENG haicki ng

means, a firgbnIOYARSCEBARS f¥ Y ragrregﬁ'saa%aehnaﬁnéut{fﬁ tive to the
cutting nmeans I n a noving direction perp nél cular"to the center axis of

t he chucki ng neans, and a second noving nmeans for noving the cutting nmeans

25 relative t : [ N irection of depth of cutting,
Reb 0P SOLSKI 00 RATS [} 4.

which is the dirtection of center axis the chucking neans. In this
cutting machi ne, a posthé grafucttion oft sendcoranston thepdi aecisonedf depth
of cutti relative to the chucking neans is set by the second noving 30

means, and t hEPCHUCRIMRE RERRLS S r8 0Pverto EnBUMREEtPRg means by

the first noviagtaRg@bat Ordgioddires aB-¢30dLat 8 vaLesurihgedgpth of ,
cutting the sem conductor wafer is defined by the position of the cutting

means in the HPFECPRFICAT HARAIMPY StFERFE thatheresashuedshgimeans and by
the thickness) gftibe 6 CUMNH Yerd cbndulibrlc?rfufe4ival erahgld op the

chuck.
each of the rectangular regions. The semiconductor wafer

15 1is separated along the streets into individual rectangular
regions to obtain semiconductor chips. A cutting machine
used for separating the semiconductor wafer along the
streets includes a chucking means for holding the
semiconductor wafer that is to be cut, a cutting means for

20 cutting the semiconductor wafer held on the chucking means,
a first moving means for moving the chucking means
relative to the cutting means in a moving direction
perpendicular to the center axis of the chucking means,
and a second moving means for moving the cutting means

25 relative to the chucking means in a direction of depth of
cutting, which is the direction of center axis of the
chucking means. In this cutting machine, a position of
the cutting means in the direction of depth of cutting
relative to the chucking means is set by the second moving

30 means, and the chucking means is moved relative to the
cutting means by the first moving means to cut the
semiconductor wafer. The depth of cutting the
semiconductor wafer is defined by the position of the
cutting means in the direction of cutting relative to the

35 chucking means and by the thickness of the semiconductor



General ly, the thickness of the sem conductor wafer is nearly the sanme in
each |l ot and hence, only one piece of sem conductor wafer in each ot is
nmeasured for its 5 thickness manually to recogni ze the thickness ofiﬁgﬁ
sem conductor wafer to be cut. In the cuttding of the sem conduct or! emm
by the cutting machine, the depth of cutting the sem conductor wafer is

set by setting,the. H@@%iBhOQH%fEBGSk9Uttin9 nmeans in the direction of
chu

cutting 10 relative to the cking means at a predeterm ned position,

wi t hout detecting t lGeneradRyesshef thhekhask vofiughe sSamice@bidciod’ waafear s
that are to be cut. Howeyer, the, individual sem conductqor wafers in each
| ots fIuctuatéﬁanﬁﬁq;ﬁﬁzﬂ?hﬁéWﬁeég RGN hERe eaNd MENRSHt IPTdY QRS iDigSEhe 15
sem conduct or gmaiseis cvatuesor! sarkh LHeeaddli VoHUA nSREGRNGG! QR ghaf ers,
even though it is a slimanount. Meanwhile, it Is inportant to set the

depth of céttithgckaessemrasnddyt be nategnize ythw odilsinesandf tthies desir ed
to avoid a ch%ggﬁcb%dhg%ogea%@egfEgu&éig@tth ZQh%eghgggﬁécggr fers that
€ "thic { I'n I

is ascribed to a change 1nt ness- of e Vi efit'€onduct or

waf ers. For eemipbeductolfagalieenbgotie t @uf ©fmg angitones athed hape in

‘cross section al n% thg streets i.n the surface of the sem_conductor to
di'de “88

chanfer the &t gEEMIFOPAUCHRY WRkek kS ofet Y issditvinguihe

rectangul ar re@isQRsoRl b@" the cGefPhtREYnS ULA | 1k G SQMIHORAUCLRR: (YRS er
along the. streets to separate it into the individual rectangular regions.

Even in f&fmi A§lefkdvVe- SRapbe GhBekER MRARVert ainrddetepsdmeshposdtion,

sufficient]y REGEbIE! hetBbeliflg RB! BnDhidles Wt i1 ti%ﬁlyf%fﬁ%ﬁgpf 'y

precisely set the size o ering. In recent years, a node of
separ ati on i nsemieendngtbar wagronshat arsoc:-cadbe etitpr eHowegeng, thas been

P L, P e BT R ehcels, LTSRS S et
into 3 13CCT2804 in thickness and hence, the depth of cutting the
15 semiconductor wafers varies also in the individual
semiconductor wafers, even though it is a slim amount.
Meanwhile, it is important to set the depth of
cutting the semiconductor wafer very precisely and it is
desired to avoid a chamge in the depth of cutting the
20 semiconductor wafers that is ascribed to a change in the
thickness of the individual semiconductor wafers. For
example, it has been done to form a groove of a V-shape in
cross section along the streets in the surface of the
semiconductor to chamfer the four side edges of the
25 surfaces of the individual rectangular regions prior to
completely cutting the semiconductor wafer along the
streets to separate it into the individual rectangular
regions. Even in forming the V-shaped grooves, however,
it is important to sufficiently precisely set the depth of
30 cutting to sufficiently precisely set the size of
chamfering. In recent years, further, a mode of
separation into rectangular regions or a so-called pre-
dicing, has been put into practice. 1In this mode, too, it
is important very precisely set the depth of cutting the

35 semiconductor wafer. In the mode of separation into



rectangul ar regions called dicing-before-grinding, the sem conductor wafer
Is cut to formgrooves of a predetermned depth fromthe surface along the
streets arranged in a lattice form Then, the back surface of the $30CT 20
sem conductor wafer is ground to decrease3the thickness of t

sem conductor wafer up to a thickness equal to the depth of the grooves

thereby to segaegte t?e sem conduct fer into the individual
rectangul ar r&g-oRgIe aﬁaﬁggéoﬂ%j?ﬁiiﬁﬁl - fnecaniod itkok &NE No. 10
261907/ 1987 (4BmAc6Rd26E80ThadesClHsOst b Hdrmt yrMYvell af gap between a

m croscope system and the surface of chucking neans and a gap between the

nmi croscope syBEfeAehRrEmipfd depthckren the adnfemuaiongnwdber stigkgtsn t he

chucki ng nea ur e : matic fo [ echnol ogy 15 _usi ng
the mcr oscop§§§§§§%§1eglﬁs%ogaegyﬁﬁ%vﬁlﬁe tgh%gl{i %ég %‘gg}ﬁsg'tlﬁg?c‘%so%oﬁg?ed at
a predet erm nedmposndiioher amalfeéheis tdhakne s afedriasseheontiyckaeswaber is

cal cul ated fr t he.measured val ues. Accordi to this prior art, further,
t he position gﬁgtﬁﬁméﬁ?PﬁﬁﬁtﬂEa ?§1q9u?Qﬁ%e§HQQﬁ¥ﬁﬂs 20Ut EPnEhRs set

relative to tﬂ@peHU@kiﬂﬂeN%m@@S@%ﬁbyt% SHWeal @fet Rieml R8RSRk oLNe
sem conductor wafer, thereby to set the depth of cutting the sem conductor

waf er. When YaEPEnspEPehRe oindbrdyahsipatangulamesgdongs gl assy film is
formed on the Surfa@&p%ﬁ%@%éﬂﬂﬁé}g%ﬁnt‘“ﬁjﬂr'c%%i%%&g}((%ﬁcai'tN'oS. not
t he di er P

possi ble to detect the thickness sem conduct or precrsely by
t he above laut 2ehP9¢/ 19 BRuET A t Btfol By, ditsadlvsies anseritolis phdbhem

SUMMARY OF T 0] | s. therefore a I,nci pal__obj ect. of the
present invle—%lrg(';%/ @oé%lo%‘i%%é%d%ﬁ[ﬁ Y S?&?&iaﬁg A% isélﬁlfﬁf:lfeyogui ted for
cutting a sentbockimgomeand exnd véhigdp iketrarabltheoinicdekesbengyshemt Ahakness
of a workpiecg, hel d gn t he. chuckin ans with a syfficient degree of

preci si on evehS5°WhERCE ¢F ahshelt dmvateTs B&len s iths eRPskdngn the

4 1 3 0 C 126fdans are measured by an automatic focusing technology

15 using the microscope system disposed above the chucking
means that is located at a predetermined position, and the
thickness of the semiconductor wafer is calculated from
the measured values. According to this prior art, further,
the position of the cutting means in the direction of

20 cutting is set relative to the chucking means based on the
calculated thickness of the semiconductor wafer, thereby
to set the depth of cutting the semiconductor wafer. When
a transparent or semitransparent film such as glassy film
is formed on the surface of the semiconductor wafer,

25 however, it is not possible to detect the thickness of the
semiconductor wafer precisely by the above automatic

focusing technology, which is a serious problem.

SUMMARY OF THE INVENTION

30 It is therefore a principal object of the present
invention to provide a cutting machine particularly suited
for cutting a semiconductor wafer, which is capable of
detecting the thickness of a workpiece held on the
chucking means with a sufficient degree of precision even

35 when a transparent or semitransparent film exists on the



surface of the workpiece, and which can set the depth of cutting the

wor kpi ece with a sufficient degree of precision based on the detected

t hi ckness of the workpiece, wthout the need of bringing a probe irto0CT 2004
contact with the 5 surface of the morkpieée such as the sem conduct or wafer
and hence, w thout possibility of damaging the surface of the workpiece.

In order o amaeshel Beaboyrp TEL! ONRS AILEIDA| SAbRGE! faEER dlng o

the present invention, there is 10 provided a cutting machine Conprising a
chucki ng mean§Utéinghshgi wgripseat cehtluct guffierenthategreet ofbe cut; a
cutting nean r: t he_sem conduct o fer held _on. the hucki ng
means; a firs?r%%&F%ghngggggfgp ﬁg%i %F%é%?é(ﬁﬁié%qﬁfs §n§hFeW8F%PéeF8'the
cutting neanswithautothagné&ddotebt Logi merpandirl it d echtaceentien axes of
t he chuckigg means; a_second noving neans for noving the cutting neans

relative to t F8TEAGEKPAgTHBaKST KRLECRI $4tt iash tdie daplroprucEart Wag§erwhi ch
is the directiaga abneent @ita3LE Qs %{Eéﬁ ' B Sy hi

detecting maar?s forndet_ ecting 2% ?hg%f | krigeﬂggj%%g \E/E\xr)ltreklg?agggéﬁef)g on

t he chucki ng #B&n¥orkmhagca.control neans for controlling the notion of the

second novi ng neansge j.ng_u . 1.hi.ckness of the. workpiece.detected
by the thickness de{gcgfﬁgknggngééhé§$#%ﬁléﬁﬁtéﬁﬁ¥%7ﬂ? §SFHo r&pcgﬁga
cEtthg neansobdfﬁheaﬁéo?ﬁingztfﬂtm% pfﬁ?dﬁuﬁi?%ﬁdﬂﬂ%%{rQh@EEVQSt0 Lhe .
chucki ng ans_t her 0, se e de of cuttin e war kpi ece by e
cutting nt ns?r\?ﬁégggngtﬁ‘étfﬁpgkr%§§”geet%"tﬂ%‘g“ﬁ’éh%s chyekdagsmgans for

hon-contact bachdRhgSausemSesaichey i vif & Na%Al 64 Ao 3@ Lhew §9caut igqoas
toward the surface of the workpiece held on the chuck|n§§neans.

Preferably, tR&3R8z2PE GFTEHRINBRE cHRRIRANBRALT pradesube ldenBorhes mount ed
to freely mV@thk‘iHﬁ fbAREL | 9Nei P AR ih dfsmoﬁfst 'Rt n*a@iﬁgp'{-_ﬁfee”e‘j

enbodi ment, the 35 chucking neans has an rbing surfacefor vacuum 13
OCT 2004 chucking means relative to the cutting means in a moving

15 direction perpendicular to the center axis of the chucking
means; a second moving means for moving the cutting means
relative to the chucking means in a direction of depth of
cutting, which is the direction of center axis of the
chucking means; a thickness detecting means for detecting

20 the thickness of the workpiece held on the chucking means;
and a control means for controlling the motion of the
second moving means depending upon the thickness of the
workpiece detected by the thickness detecting means and
for setting the position of the cutting means in the

25 direction of depth of cutting relative to the chucking
means thereby to set the depth of cutting the workpiece by
the cutting means;

wherein the thickness detecting means includes a
non-contact back-pressure sensor having a nozzle for

30 flowing out a gas toward the surface of the workpiece held
on the chucking means.

Preferably, the nozzle of the non-contact back-
pressure sensor is mounted to freely move in the direction
of depth of cutting. In a preferred embodiment, the

35 chucking means has an adsorbing surface for vacuum-



5 adsorbing the workpi ece; and the thickness detecting nmeans includes a
nozzl e position detecting neans for detecting a gap froman ori gi nal
position of the nozzle where an end of the nozzle cones in contact] M}Ch 2004
t he adsorbing surface 5 of the chucking msans to the present position of
the nozzle, and a thickness calculation neans for calculating the

e fromthe gap between the end of the nozzle and

t hi ckness of the mgtk ie )
the surface of“ERE MBkBﬁECEOBHP%%%QF Ky bkt ass dategtspa means
hon-contact bapkiRHESSHr Ro2P186pSOIt AW dQRL 1Ry GRR dRetidge L S:&qgfgg'anal

position of the nozzle and the present position of the nozzle ed by
t he nozzl e pogiPi 6KCBeBCOY hginehneos Fuiamerf the nommllepiwbese sina end

sem conduct or : I SCRI PTI.ON .OF .THE WNGS. Fig. | is a
schematic per S\gg%ﬁl{evgég?g\% F&ﬁ“%t FATHE S p‘?ﬁ%r%%&&ﬁ?gmsu&fa&e
cutting neEhi o€ chasthtiokeély Ress MOH® ghesdeRYitideRlE @he Fig. 2 is
a perspective view illustrating a 20 sem conductor wafer supplied as a

wor kpi ece to PR&ZEGHt #RY anbBRhfeest mirulatign aeans deuncadcod ax imgame

via a nountigget 8REckhbSs 3fi n& Lonal p Gy ¢ [ 3l !
sinplified manngr, ac ort:igon of a ‘fsﬁlicﬁc%ness fg}e@gcetdéng]%%%tﬁgg%gnt %attlt% detects
t he thicknessedfl ¢hetherkprete aed dtln swurfdnelohdheanskpiiege 4n $he

per spective vj Lk ys L n i.n ans. and .th hucki ng means in
the cutting n%gﬁ?hgbgfﬁégé% giﬁgéﬁgéﬁ%f) T PP BER G SanPF%ﬁﬁgfﬁéting a
control Ifeansedssposed fromheheuddp neetwedti nechoforFiginal aditielhatad

el enents; and ramillustrating a relationship between the

Jeepaat :
out put vol taggﬁ%?nﬁzgiﬁ%t%%‘Sle‘?ﬁ%rﬁlr?sr@béﬁ”ﬁﬂﬂn o deffzsteadsdented o a

wor kpi ece in bheth8i gKHLSS Position detecting means. Further, the

workpiece is a semiconductor wafer.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic perspective view illustrating
a preferred embodiment of a cutting machine constituted
according to the present invention;
Fig. 2 1s a perspective view illustrating a

20 semiconductor wafer supplied as a workpiece to the cutting
machine of Fig. 1, which is mounted on a frame via a
mounting tape;

Fig. 3 is a sectional view illustrating, in a
simplified manner, a portion of a thickness detecting

25 means that detects the thickness of the workpiece held on
a chucking means;

Fig. 4 is a perspective view illustrating a cutting
means and the chucking means in the cutting machine of Fig.
1;

30 Fig. 5 is a block diagram illustrating a control
means disposed in the cutting machine of Fig. 1 and
related elements; and

Fig. 6 is a diagram illustrating a relationship
between the output voltage of a voltmeter and the gap from

35 an end of a nozzle to a workpiece in the thickness



detecting neans of Fig. 3. 13 OCT 2004 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Fig. 1 is a viewillustrating a preferred enbodi nent
5 of a cutting machine constituted according to the present inventhanEmﬁ
illustrated cutting machine has a housingé 2 on which are specified'd

| oading area 4, a waiting area 6, a chucking area 8, a thickness-detecting

area 10, an ?%LEQE?§51§£$§Sﬁ%&d@%ﬁﬁtiing area 14 and a washi ng/drying 10

area 16. A li n the loading area 4. On the lift
table 18 is | oaded a cassette 22 which accomodates plural pieces of

sem conductor_wafers 20%%Fi : ég naintainin% cl earance in the up-and-down
di rection. AsPETRLRED 2 Qﬁi%?ﬁ PF THE FRESERRESN EHBPBIMBHTEr 15 20

accomodated in thegqssplig 22 4s, MOUNSEANY bf %’f@fe%?egi EnBolPHEhE Y

tape 24. The frane 26 that can be ormed of a“thin neta e or a
synthetic ¥ esbh aagutting|madvieny dargd teitedulaacoodéngnygo28hat prasenent r al

portion thereg d .t he unti.ng.tape .24 uck to the 20 back surface of
the frame 26 %&Y%ﬁgdjéo%br(%% tlH‘elu%itF@Efegr cugtéﬂgn@a%q.nq-ﬁ%a%e%h&m or

waf er 20 is ppsohiwnechidre §heciolireailancepanignarsd andai :gibagk spehace is
stuck to the_ nmounting tape 24. Streets 30 are arranged in a |laftice form
on the surfackrof TRECEERT ARG or? AT iSknegs -deseshdng AtRBel Dof an

rectangular re0ioffertl A SEFLILNAH NG WiRSNCEhE d0uadnIRTY BODHHG! OF
circuit is arranged on each of the rectiangular regions 32. | ur ther
descri bed Owi t areaf bf ende tigtritgble, 18 isi dispeonyeyn ngherekond vy i area r anged
inrelation tp the 1R hoadl Mp3Eedgd 1 8ndobfe VAT LL 00 ALEB B TN, 1 I St
conveying neans 34 is actuated in responsé to the up-and- down mbvenent of
the lift tablacdémodstesgsbimel pideldsvef senmticbhdutbrapesaZ&raopot (Rgqgt he

i conduct fer 20.to be cut fromth tte 22 into the waiti
area 6 (and 3% Al tRTTBEGCATTRANT S dbrnet GPCAPFy IPHE RiERESIOR 7

As clearly shown in Fig. 2, the semiconductor wafer
15 20 accommodated in the cassette 22 is mounted on a frame
26 via a mounting tape 24. The frame 26 that can be
formed of a thin metal plate or a synthetic resin has a
relatively large circular opening 28 at the central
portion thereof, and the mounting tape 24 stuck to the
20 back surface of the frame 26 extends across the circular
opening 28. The semiconductor wafer 20 is positioned in
the circular opening 28 and its back surface is stuck to
the mounting tape 24. Streets 30 are arranged in a
lattice form on the surface of the semiconductor wafer 20,
25 and a number of rectangular regions 32 are sectioned by
the streets 30. A semiconductor circuit is arranged on
each of the rectangular regions 32.
If further described with reference to Fig. 1, a
first conveying means 34 is arranged in relation to the
30 loading area 4 and the waiting area 6. The first
conveying means 34 is actuated in response to the up-and-
down movement of the lift table 1B to successively deliver
ocut the frames 26 mounting the semiconductor wafer 20 to
be cut from the cassette 22 into the waiting area 6 (and

35 as will be described later, to carry the frames 26



1 3 OCT 2004 nmounting the sem conductor wafer 20 that has been cut,

washed and dried into the cassette 22 fromthe waiting area 6). A second
conveying neans 36 is arranged in relation to the waiting area 6, dhiiBki fifé
area 8 and 5 washing/drying area 16. The frame 26 delivered fromthe
cassette 22 onto the waiting area 6, is conveyed by the second conveying

reans 36,0 L ByRUSK 06 S Ll UG ALeRoR LI g 20 and

t he sem conduct or waf er ereon are g nmeans
38. If 10 deswasbed amdfdiridwbrirdet aille ddssetheckingronatie3Bait ighudes a

chucking plate 40 with _a substantially horizontal  adsorbing surface.
Pl ur al suctioﬂrﬁﬁléi'oﬁ'S&Fﬁ@@eEOQVEYFBBn%ﬁaP% $hele EXAREEDI Bt e 40. The

sem conduct or y 4e4€for O dToLHE %mr{grearferaaf@% %g@\uhﬁiﬂga%éalﬁ ﬁﬂdt he chucking
plate 40 and is vacuum adsorbed by the chucking plate 40. The chucki ng

means 38 furtWeshing/dmeing aaned rleof Ghepfnemas2é2dehinerdd fromect®s i s

' db | | o LI be.d | bed,| h
Chutki ng means 3her s o S M s 7 ey 61 A CEnRET A Phr Ty

hori zontal dseechd arpwfeyeraximedmpimgodithecthaskpagpandhcal arrr oclidie
center axis exten]gli ng substantially vertically of the, K chucking neans 38).

The sem condutRBTERT 1XR) Greld Dy T e 26haEKI hjeresRicendursoRpyadedi t h

the movenent pf rmhdwen2Sd CiHcddlD dPRANE13BLING chuERANBYREahS $BHe thi ckness-
det ecti ng area 10, alignment area 12 and Cutting ared 14 successively. In

the il usts at@es b nightfurting (st ilnedns gBuakangi Bpased38n both sides
(downst r eam s{ ge aisk ygﬁﬂﬁg@ﬁkfkﬁ%hgpmotQgtgggcgkggtggggglggdas viewed in

the 30 direction of X-axis so as e expan contrac with the
movenent of thher therld hedasarsi@e sukfecet. hi Bknesks - ske¢eiddn riplaaead0 detects

(D T cknessaPlob 06 sEkRARe (OIPLRUELIRE oot thpd I ShnESS o
mount i ng t apesédistnbictar thefdado sduhaee bhetief frame 26 is placed
15 on the chucking plate 40 and is vacuum-adsorbed by the
chucking plate 40. The chucking means 38 further includes
a pair of grip means 42, and the frame 26 is gripped by
the pair of grip means 42.
As will be described later, the chucking means 38 is
20 allowed to freely move in a substantially horizontal
direction of X-axis (moving direction perpendicular to the
center axis extending substantially vertically of the
chucking means 38). The semiconductor wafer 20 held by
the chucking means 38, is moved with the movement of the
25 chucking means 38 and is conveyed to the thickness-
detecting area 10, alignment area 12 and cutting area 14
successively. In the illustrated embodiment, a bellows
means 48 are disposed on both sides (downstream side and
upstream side) of the chucking means 38 as viewed in the
30 direction of X-axis so as to be expanded and contracted
with the movement of the chucking means 38. The
thickness-detecting area 10 detects the thickness of the
workpiece (or more closely, the total thickness of the
thickness of the semiconductor wafer 20 and the thickness

35 of the mounting tape 24 stuck to the back surface thereof



8 13 OCT 2004 in the illustrated enbodi nent) held on the chucking plate
40 as will be described later in further detail. An imaging neans 50 is

di sposed on the alignnment area 12, the surface of the sem conduct oy gef ¢4
20 is imaged by the 5 imaging means 50, afd the positions of the streets 30
arranged on the surface of the sem conductor wafer 20 are precisely

recogni zed up lyzing, the iimaged. ima e.&ggs | mage of the surface of
t he senicondugﬁoiﬂ%a¥§?ugﬁr?ﬁﬁae ?%%W?ﬁih ihg ﬁSCQBCEéHQbEléF§pIay¢d
on a monitor 3. aOwALLUbEi AgsFEARE] FHathaViing firi@led” WetHiling bl ade 56 is
di sposed on the cutting area 14 to cut the sem conductor wafer 20. The

chucki ng pl at e™3@1nd B8anfpaht &8 dspIRed uckibe alignaedg aseaoll;ethy

rotate on th o @XESat : tiqal:ly .yerti.call By 15
appropriatelygpgﬁg%?nagt gec %%f?ﬁ% piafzwgg%ﬁ?ﬁ@ ssréégggdB Yeipgnding in
a predeterhinémagingcmé@msaﬁé,pmmdtﬁhnupbsﬂﬁiqﬁ£%Hf:fhﬁmet?ﬁéFﬁ Hgylngt_
direction of the_chucking . neans_38, i.e., in parallel w e direction
of X-axis wi PATACGSTr PRI BAE WRGTAE T JlisciSSTYTONGIELEF VAESEL PBeREE20 30
is aligned w phetRgelpt AsYoGHT 4o iR A! _z%gv!t%\éeqmaggdf%@éﬂgét angial I'y

hori zontal direction of Y-aXis (indexing direction), ai otary
cutting bl adelB89Ifsot pblet§wREACAtOR the demecrndag tout wafigrd2pt hmaged

direction of - Xk SifLl t4 f f ti ich is.25
substantial ly %ert i cﬂ%%ﬁ%r%ﬁ%%r%@fﬁyﬁucﬁ'ﬁ%&a _%gné\,ﬂﬁ f“éﬁélﬁ%\r/ea% or

ef fecting@ he cuttihgreiowang mdmnsidindtaveiam asirdeairy t:heuﬂ%em%dé ﬁé
X-axis, i.e.,.:Ln Lrecti I ndi.cated by .an_arrow 44, ereby the
seniconductorlaa?%ggbé%éiéﬁct eeﬁéﬁ%ﬁ%ﬂu?ﬁﬁ?régtt§09u£kgﬂ? the rotary
cutting 30 bl seeisbndwsctar Seslfewp J0. | rher ehtioREAG PDSEL i QN iaAnh t he _
chucki ng nmeans_ 38 noved back toward the upstreamside in the direction

of X-axis, i.%??nF%ﬁt?Re?ﬁ? IIRNG Afanst 8§ By AR &FPEWY 45Ot Ihereaf ter,
the rotary cuthéngentd2decHd ti5ad Qe st ahR adhyecbeic- 21y ¢y, and

15 appropriately rotating the chucking plate 40, the streets
30 extending in a predetermined direction are positioned
in parallel with the moving direction of the chucking
means 38, i.e., 1in parallel with the direction of X-axis
with a sufficient degree of precision. One of the streets

20 30 1is aligned with the rotary cutting blade 56 as viewed
in a substantially horizontal direction of Y-axis
(indexing direction), and the rotary cutting blade 56 is
positioned at a predetermined cutting depth in a direction
of Z-axis (direction of depth of cutting) which is

25 substantially vertical. Thereafter, the chucking means 38
is moved for effecting the cutting toward the downstream
side in the direction of X-axis, i.e., in the direction
indicated by an arrow 44, whereby the semiconductor wafer
20 is cut along one street 30. Then, the rotary cutting

30 blade 56 is raised up to its retracted position, and the
chucking means 38 is moved back toward the upstream side
in the direction of X-axis, i.e., in the direction
indicated by an arrow 46. Thereafter, the rotary cutting
blade 56 is index-moved in the direction of Y-axis, and

35 the rotary cutting blade 56 is lowered again to a position



35 the rotary cutting blade 56 is |owered again to a position 9 1 3 OCT
2004 of the predeterm ned depth of cutting. The chucking nmeans 38 is noved
for effecting the cutting in the direction indicated by the arrow 443 0&@hgl04
the sem conductor wafer 20 is cut along Bhe next street 30. Thus, after
the 5 sem conductor 20 is cut along all streets 30 extending in the
predeterm ned .di rect i he_chucki.n | ate 40 on the, chucking nmeans 38 is
turned by 90 3%5}@%3bggggﬁ?rFHEegsgﬁgEﬁﬁ%%d?%ﬁt%ﬁﬂ13-T§8 FRugking| BA§NE he
remaining streétds advatl foghtraset esgWid dier S eat =m0 diicthaye been
cut. 10 Though the sem conductor wafer 20 is cut along the streets 30 into

i ndi vi dual recfdrgarsd PEgFBRsazpowt b, mnshttile samimomindtomes fent 20and

the indivi dual; gr egiaggular o] ha ee t mai n nmount ed on
the frame 26 &Fa t he n%gnFPﬁghgggesgﬁ?éQﬂ%)bo#@??fugFgﬁro?E?he cutting 15

means 54 and skaicandingoof20héssent canshurtarl eedraret20 30y exithadauit iRg

nmeans 54 will desgribed.later.in further detail. After the
seniconductort&%fB?eéﬁkﬁgglﬂgéndifﬁcgépntkﬁﬂqe§¥q9¥%qﬁaﬂﬁﬁﬁﬁ 4§ sPekihe4, the

chucki ng meansh@8kiisg R@anstysned Hasked &y B uyddrd arganB i third
conveying neans 66 is arranged in relation to the chucking area 8 and the

.

mashing/dryin@eQFEQHQ%CF%Icﬁﬂﬁ?rt%% 1§ S 26 el thehgepariindogdatrerteaf er
20 mounted thepean PRUR: kgl ¥l 0/ Ay ING AR skO-crlt hHAGMBRRLNLAT Vi Ng

area 16, 25 the seniconduct_r 20 that has been cut 1 s was
dri ed by 1he Rhsughgtlie ysemiceadecontwatewd) iEhengaffleng theestrases26

and the sem copdt rs (separated _inta individyal rectangul ar
regi ons 32) nggnggggtﬁ%@%ﬁ%dg%%ef?é§%ﬂ3é;f4nfqﬂﬁ?Q§e@§ﬂd%gﬁnW89Pﬁégﬁeans 36
back to the 3Dapai 24 ngs anen duandamd eshd hemivietdane@dk¥nydeati F8hions
conveyi ng neagz g@ﬂgqgk iq%o t he cassette 22. In the illustrated cutting

I

machi ne, a nov FHProved FEatiime gf Moyd Y5de S@ntthen f&ameoR6r BdRdes i n

t he the mounting tape 24. The constitution of the cutting

15 means 54 and the cutting of the semiconductor wafer 20 by
the cutting means 54 will be described later in further
detail.

After the semiconductor wafer 20 has been cut as
desired in the cutting area 14, the chucking means 38 is

20 returned back to the chucking area 8. A third conveying
means 66 1s arranged in relation to the chucking area 8
and the washing/drying area 16 to carry the frame 26 and
the semiconductor wafer 20 mounted thereon onto the
washing/drying area 16. In the washing/drying area 16,

25 the semiconductor wafer 20 that has been cut is washed and
dried by the washing/drying means (not shown). Thereafter,
the frame 26 and the semiconductor wafer 20 (separated
into individual rectangular regions 32) mounted thereon
are returned by the second conveying means 36 back to the

30 waiting area 4 and are, then, returned by the first
conveying means 34 back into the cassette 22.

In the illustrated cutting machine, a novel and
improved feature of the present invention resides in the
constitution related to detecting the thickness of the

35 semiconductor wafer 20 and controlling the depth of



constitution related to detecting the thickness of the 35 sem conduct or
wafer 20 and controlling the depth of 1 3 OCT 12004 10 cutting based

t hereupon. In other respects, the constitution may be the one wel | &h86h 2004
anong people skilled in the art and is ndi, hence, described in detail in
this specification. 5 If described wth reference to Fig. 1 as well as

Figs. 3 and 5, i n.:the tLi machi ne constituted according to the present
i nventi on, itCFg%ﬁhgoP gﬁ? ?@era?g%%Se-ﬁ Pﬁh@ﬁnE§§98§F%ctF%ﬁ means 68 for
detecting theconbit¢cknessnohnay e WOiK Db @€ Grelil: knovnh@nboelyabebpigkness T of
10 the seniconggﬁ or., wafer 20 and the nounting tape 24 stuck™ to the back

surface there8§ efhant hhe kabksadt b2 thafy henes 10escr ibedi ipodenatilt hat

t he thicknessiQeEﬁggigﬂecgggggtgénjncIudes a non-contact back-pressure
sensor 70. As clearly shown in Fig. 3, the non-contact back-pressure 15

sensor 70 al so cal | 88 depreibediwith crefmterce nol tdes 4 aBowahle 2 di sposed

in the thickn -detecti,ng area 10. |f further described in detail, as
shown in Fig.gigs't eaﬂ%ugfanZt%ﬁ THE AR M Imgc KRS tRE8 8% pr ot r uded

portion 73 prateudetngpverehenpodcest denveadiion t her aaf g8 apdr argensor
case 74 is secured to the inner upright wall surface of "the protruded
portion 73. THéSPES® F4tRIGKRESHHS%ERF Lidise megdst i68n fp6 detieat hnggthg
portion 78 thahj-RaBES SeWnhd rom | de regi 0 : per
portion 76. A I%?t bl ock 80 %s soﬂﬁgﬁ%%e FB'H%@& &Bkgnggngggggdg ?ﬁe
surface of9t hehpapghieopducton Wwafen At anek ttdedsosmlidhanthapkl g4 verttkal | y.

the surface. 57 The PaRG: S Eod Tkt A3, B0 B istRRhcaste e bhogui dod

(not shown) isréarbed at tike ilipotrthnackh80. tB thookesgadidgedtigg

Tount od. on-HBSRARGP G SEHIT iR 7 T ke BR K& g BndCBBaR. T A pul o6

not or As clearly shown in Fig. 3, the non-contact back-pressure

15 sensor 70 also called a pneumatic micrometer includes a
nozzle 72 disposed in the thickness-detecting area 10.
If further described in detail, as shown in Fig. 1,
the housing 2 of the cutting machine has a protruded
portion 73 protruded upward on one side region thereof,

20  and a sensor case 74 is secured to the inner upright wall
surface of the protruded portion 73. The case 74 has a
hollow upper portion 76 and a hanging portion 78 that
hangs down from one side region of the hollow upper
portion 76. A lift block 80 is so mounted to move up and

25 down on the surface of the hanging portion 78, that
extends substantially vertically. A guide groove (not
shown) extending substantially vertically is formed in the
surface of the hanging portion 78, and a protuberance to
be guided (not shown) is formed on the 1ift block 80.

30 Upon engaging the protuberance to be guided with the quide
groove, the lift block 80 is so mounted on the hanging
portion 78 as to freely move up and down. A pulse motor
82 is disposed in the hollow upper portion 76 in the case
74, and a threaded shaft 84 hanging down substantially

35 vertically is coupled to the output shaft of the pulse



82 is disposed in the hollow upper portion 76 in the case 74, and a
t hreaded shaft 84 hangi ng down substantially 35 vertically is coupled to
the output shaft of the pulse 1 3 O CT 2004 11 notor 82. An internal Iy 0CT 2004
threaded hol e penetrating through the Iift block substantially vertically
is formed in the 1lift block 80, and the threaded shaft 84 is screwed into
the internall thre%ged hol e. Wien the threaded shaft 84 5 is rotated

eyt

forward and r y the e dbtiorttgzadedhdedropenetratingt throsghso
moves up and deien.1iFReb]18BRVEuBBRLLONEt “%@i%ﬁlif i%ecfgrgw%d; o gd 17t

bl ock 80. The nozzle 72 that extends substanti vertic as an
ej ection port lfiditmbdogk 80} oamd thd threaddd sHeeftpHise slGoreted QAtcs

i ded with n LtLpn- cli ans 86 i g. .5) for _detecting
Phe amount. of For adrao otk FoReBRcAchere FBEA: B8, thriadsfor astebti ng
the amoun the moraked7Zoseandedntiorétierdd fy irckh B hastopoyed up or

noved down. 15 As schematjcally illustrated in Fig. 3, a pneunatic
pressure bri dﬁgefﬁieﬁ?t' ghe; %lﬁBn]ﬁE‘é‘f—’édSQ QRS iz Andl AEwWn.ThBh@neunat i ¢

pressure bri dggpeenﬁehuéﬁe&hhs@zbéwi@egsn sy REY g8 hnGkudgy @ gpurce

of conpressed air B9, a flow passage 92 having a fixed squeezing nearis 90,
and a 20 flowTpgssageleoghavihay axtéends sthaeritiglivaverddcatdyahagaminabl e

squeezi ng nea . _Th o] a 2, permts he saqurcg, of ¢ ressed
a?r 89 tg be g@%g‘rgﬁj;c{a ce)%i{wf%ﬁﬂéghggn%zlz e 20 etrﬁg(ﬁil 0 'f)a@%gﬁ 98
pernits tHe smotoe 82f isoppresded withtod mﬁﬂ@mfﬁimmgdﬁtfebtﬁhg lopen air.
25 The pneumatic_brj circuit_88 further includes a i fferentia
pressurg gaugée%ﬁi gg%ﬁﬁﬁ?taggdf%ft e??ﬁ?#QQmﬁiﬁxﬁﬂﬂﬁﬁ§ ¢+ tRrYagH a flow
passage 100 apdteefibHNbEateferyét Fotdieidd 00 RASSEET MR tllianghrael | ow
passage 102, and a_voltnmeter 106 connected to the differenti"al pressure

gauge 30 104. 2FRBRERRR RQ2H Qi 12 sSIppTeH o thee lidAzbdork BRrbagh the
fl ow passage f3vikd @bl owembdOqfaom out toward the

15 As schematically illustrated in Fig. 3, a pneumatic
pressure bridge circuit 88 is connected to the nozzle 72.
The pneumatic pressure bridge circuit 88 which has been
known per se includes a source of compressed alir 89, a
flow passage 92 having a fixed squeezing means 90, and a

20 flow passage 98 having a fixed squeezing means 94 and a
variable squeezing means 96. The flow passage 92 permits
the source of compressed air 89 to be communicated with
the nozzle 72, and the flow passage 98 permits the source
of compressed air to be communicated with the open air.

25 The pneumatic bridge circuit 88 further includes a
differential pressure gauge 104 communicated with the flow
passage 92 through a flow passage 100 and communicated
with the flow passage 98 through a flow passage 102, and a
voltmeter 106 connected to the differential pressure gauge

30 104. The compressed air supplied to the nozzle 72 through
the flow passage 92 is allowed to flow out toward the
semiconductor wafer 20 on the chucking plate 40 from the
ejection port of the nozzle 72. The flow-out resistance
from the nozzle 72 varies depending upon a gap between the

35 end of the nozzle 72 and the surface of the semiconductor



sem conductor wafer 20 on the chucking plate 40 fromthe ejection port of
the nozzle 72. The flowout resistance fromthe nozzle 72 varies degfndin&

0CT 20

upon a gap between the 35 end of the nozzle 72 and the surface of tf

sem conductor 1 3 OCT 2004 12 wafer 20. Therefore, the pressure

differential between the pressure of the flow passage 92 and the pressure

of the flow passa 98 ri es dependi ng upon the gap between the end of

the nozzle 72 waa}éeﬁﬁé) ‘su¥$‘5€%§?ﬁet hel'S et R Gdif FrRatdalobetyren

differential pesyscpsgaeder R4 EEQQU§§§s§ge¥Oﬁaﬁﬁitﬁf§ qg@éésﬁ&éi%qendl ng
of the tlow

upon the pressure differential between the pressure passage
92 and the prédsurfdost palssapeodBprssage 9ependinmrupiarylthe tdeg \badtivagm

i ndi cat ed by t 1 vag i dependi upon. the gap between the
end of the nozzi\eé Z%Etng%tehgg%%??aiﬁe %f?dtﬁgess’e ' J Svaf er 20.  As

for the debai lsemdfconidactonn- craméacnobam@rﬁm&nﬁiaioﬁreggueﬁubBB@é with

t he pneurratiC@ressure bridge ﬂ;rcuit 88, reference should be madé to, for

exanpl e, Japanéde PFRIECER AedoUERERt [habdedr Fibldepanding raesk hheo.
29446/ 1995 (we@sar@ﬁé@keraheiapnbé@@éagttrk@g%&rs%&%ﬂ W Aq p s
| |

provided wth a reference table 108 storing data of a rela
bet ween t he v&REE3ES Adi eatethByPt fesyne tabttdre iRk sseg=2@8ap of from

the front endpefqt z| 2 ggg f e semi.conduct.ar. wafer
20. The data storoegglnﬁ(i?ﬁeﬁh%eygéggéﬁg ?}gﬁe 963800 a?n"lil‘r?e VS |ertl:eed:, ]T%I)sr

exanpl e, 1% swelries deprediag dpscribedgdyelmetwdan ahet airel Werndeanei t her the
frame 26 nor enm,condyctor wafer 20 nted thereon is 25 held by the
chucki ng maanélggg,ﬁ"{rh ﬁBng’ e a?%v%fle)%e ST ENF 1 Mede T <€ %r ought
into contact witliorhehesdetatesoff t Hige Chuickddi: AR AQ prHyss ROSdnsen of
the nozzle 7% 'S reggraged to be an original position ofpthe nozzl e. Then,

|

the nozzle 72'PsSA4 sVephi SRe RRABI S JF 9P W iadElasr wivedid $Bance,
the amounts theraesabe £Boh2§ be made to, for example, Japanese

15 Examined Utility Model Publication (Kokoku) No. 29446/1995
(JM-B 7-29446).

The non-contact back-pressure sensor 70 is provided
with a reference table 108 storing data of a relationship
between the voltage indicated by the voltmeter 106 and the

20 gap of from the front end of the nozzle 72 to the surface
of the semiconductor wafer 20. The data stored in the
reference table 108 can be obtained, for example, in such
a manner as described below. In a state where neither the
frame 26 nor the semiconductor wafer 20 mounted thereon is

25 held by the chucking means 38, the nozzle 72 is lowered
and an end thereof is brought into contact with the
surface of the chucking plate 40. This position of the
nozzle 72 is regarded to be an original position of the
nezzle. Then, the nozzle 72 is raised stepwise each time

30 by a predetermined distance, the amounts the nozzle 72 has
moved up from the original position of the nozzle are
stored, and voltages of the voltmeter 106 at the
respective positions of the nozzle 72 are stored, too.

The amount the nozzle 72 has moved up can be precisely

35 measured by the nozzle position-detecting means 86. Fig.



nmoved up fromthe original position of the nozzle are stored, and voltages
of the voltneter 106 at the respective positions of the nozzle 72 are
stored, too. The ampunt the nozzle 72 has noved up can be precisel #GgEgNA
nmeasured by the nozzle position-detectingipeans 86. Fig. 13 1 3 O 4
6 is adiagramillustrating data stored in the reference table 108. To
nmeasure the thickness of the workpiece held on the chucking plate 40 of
the chucking fedfdsa3gdiagram iihestoatbrgldaty @deesd Lrothehsesenenoaduct or
wafer 20 and the;goyggi ng tape 24 stuck to the back surface thereof, the
conpressed air 1s flown out toward the surface of the sem conductor wafer
20 fromthe nozzle T2 heasted theathipclemederod nded pesikpieacaheye dhe

sem conduct or fer 2 10 and a, voltage indicated at this nmonent by the

vol t net er 10§W%sChﬂﬁgapgdPE%F%n?gb9£réhﬁrﬁquﬁ%Qﬂem@én§o3ﬁheld8ta té?ored

in the referenseal abheckSss ar dbstans es il RRINRED WA%_e‘%“Qoan&h}ERQOZZ' e 72
e

and the surface of the sem conductor wafer 20 is obtained from
measured 15 vBPHA§ENITheRe & catechk a9 orherdmnk surfeglectherestt hehet ot al

thi ckness T (Il.z zapl) ; of . ' fer and .t nmount i ng
tape 24 stuckg?gp%%gsggzilgu%%gg% H%@Q%#ﬁ%ﬁ&gﬁﬁﬁrggf%%getR£ gﬁ%tance D1
from a di st ansemb2ondietterwa ber ol zf sopadid inzziledi7eatedabygdt Re gozzl e 20
position-detectia means &6 i.e., between the original osition_of the
nozzl e and t hB™p gE%ﬁTlB i PPHHEHIN IRV R IPA Semicondugtgr waEsr 2he
surface ofo t hengheckbngadé ai@didbdrd® dheripnd rRfnehke phr eaent,onesster 72) -

Noti ce should_be given to the followng fact in detécting the thickness of

25 the workpi 88 {toRarstrfdknddeny &y fMakisentebarereerto weerd®® and the
nounting tapeggdrsfuek Eﬁetf@f%&? ﬁ%’aftf elOtBherae(afi)s.tgylctehﬁl between

t hi ckness-detecting neans 68 t udes tHe non-contact “back-pressure

sensor 70. Thihejend ohetke inozwlarebdl afd htiengurdagecoifit &be pi ece or the

like semiconductor wafer 20 is obtained from the measured

15 wvoltage. Then, a calculation means 110 calculates the
total thickness T (T = D2 - Dl) of the semiconductor wafer
20 and the mounting tape 24 stuck to the back surface
thereof by subtracting the distance D1 from a distance D2
between the nozzle position indicated by the nozzle

20 position-detecting means 86, i.e., between the original
position of the nozzle and the present position of the
nozzle (i.e., a gap from the surface of the chucking plate
40 to the end of the present nozzle 72). Notice should be
given to the following fact in detecting the thickness of

25 the workpiece (total thickness T of the semiconductor
wafer 20 and the mounting tape 24 stuck to the back
surface thereof) by the thickness-detecting means 68 that
includes the non-contact back-pressure sensor 70. That is,
there is no need of bringing a contact piece or the like

30 into physical contact with the workpiece and, hence, the
workpiece has no possibility of being damaged at all.
Even when a transparent or semitransparent film exists on
the surface of the workpiece, the thickness of the
workpiece can be detected with a sufficient degree of

35 precision without influenced by such film.



30 into physical contact with the workpiece and, hence, the workpiece has
no possibility of being damaged at all. Even when a transparent or
sem transparent filmexists on the surface of the workpiece, the tnF@EHqH
of the workpiece can be detected with a sufficient degree of 35 precision
wi t hout influenced by such film 14 1 3 OCT 2004 Fig. 4 illustrates
el enments in the naj&é1 cgnﬁﬁitu%ion in the cutting area 14 (Fig. 4 shows

9 of

neither the upper hESHEA5FRgE et Het OV MBIRE 48 on  both

si des of the m@ﬂi@tm@niﬁﬁhebé‘ﬁtﬁhﬂy‘%ﬁi&n?d"t(SFJ%.artlr AeA Hhereuder).
A support board 112 is disposed in the housing 2. A pair of guide rails
114 are securéTd‘eoNPP@ﬁeW§&gp@ﬁt theaheuaing td reat dredl liawsa neianec disonof

X-axis, and ' (o] ' : the .pai.r of gquide, rails

114 as to frego?ﬁngggg%ngghéﬂgi }rzglé??%)n gﬁé%%a%bs’. %Al_tg(flﬁﬂsefgga‘%t 118

i's rotatabby provinged beeweendehg. pai rsupporgubdartails 134dapgosxsends in

the direction ﬁﬁaXL%E gTh$houtput haft of a_pulse nmotor 120 is coupl ed
18

f
to the threa&%ﬁ aft Pk B FeélRadla RERGPAGUIBr €Non (not
shown) that hamgs sdepBrtaBohpier 12l ty &bcddy eaded ﬂqle%nq?ﬂle%rf?kég%ighr ough

the hanging portion in the direction of X-axis Is formed ‘anging
portion, and2PHet AlédBeblenkf11618s %0 wauasasl iont dhehgaiint efnghlige

thr otgh & oyl Fadircal manbar 100 LIRS0 R i esTaes of28 e iFur nbd

ro .

form;?d, 1%gréh@ﬁéﬁeﬂhehaéhukangsnn@ﬂ&téﬁlynpnﬂyﬂdedImeta&bmgmgedbbqgtio?h
indicated b n_arnLow_ 44 th | se, mot or, _120,.is tyrne reverse, e
Lﬂuéﬁ?ng nea¥g§3§ﬁ%é§egéf%sYﬁggr%?€r$%£%ﬂq%uﬁﬁ 'S FHEESEP P fak-2KAsw 46.
Theref ore, th®hpubsep?b spadt dROa th mséd d tmétes qzid ;%%t C@‘éil_%ﬁ @rgaﬁge{(pr
nmovi ng the chucki nmeans,_38.1n the direction of X-axis. e chucking
plateg40 i s ngﬁﬁaHggdsﬁﬁgFhgléhuéﬁﬁhﬁlﬁﬁﬁnglggk 446t Bafraehgngbrate on the

center axis tpatrteshefét shown) that hangs down, an internally

15 threaded hole penetrating through the hanging portion in
the direction of X-axis is formed in the hanging portion,
and the threaded shaft 118 is screwed into the internally
threaded hole. The chucking means 38 is mounted on the
slide block 116 through a cylindrical member 122. When

20 the pulse motor 120 is turned forward, therefore, the
chucking means 38 moves in the cutting direction indicated
by an arrow 44. When the pulse motor 120 is turned
reverse, the chucking means 38 moves in the return
direction indicated by an arrow 46. Therefore, the pulse

25 motor 120 constitutes a first moving means for moving the
chucking means 38 in the direction of X-axis. The
chucking plate 40 is so mounted on the chucking means 38
as to freely rotate on the center axis that extends
substantially vertically, and a pulse motor (not shown) is

30 disposed in the cylindrical member 122 to rotate the
chucking plate 40.

A pair of guide rails 124 are also secured on the

support board 112 to extend in the direction of Y-axis,
and a slide block 126 is mounted on the pair of guide

35 rails 124 to move in the direction of Y-axis. A threaded



substantially vertically, and a pulse notor (not shown) is 30 disposed in
the cylindrical nmenber 122 to rotate the chucking plate 40. A pair of
guide rails 124 are also secured on the support board 112 to extenﬂfm@]QME

direction of Y-axis, and a slide block 126 is nounted on the pair of guid
35 rails 124 to nove in the direction of Y-axis. A threaded 15 1 33 OCT
2004 shaft 128 .is rotatably provi ded between the pair of guide rails 124
and extends i Fiafe &l@eéfl6ﬁtéFa¢lﬁxP§OVb@@ﬁt@ﬁﬁWQﬁR[ﬁhesﬂﬂﬁﬁ of gﬂlﬁﬁise

motor 130 1 auAl:ed 20 hieekbaadednshal ta Lo, fHie & IiG, HECpeS

nearly of an 5 L-shape, and has a horizontal base portion Szgg
upri ght porti owmtp34 ekaéndpfigaupwasd hovort hid him icomlad tha&meportlon 132.

The horizontal ortl n rti ot _shown) that hangs
down, an inter ﬁad ﬁﬁ8§5e§§ﬁ0Iéﬁﬁﬁﬁﬂﬁggf%ﬂﬁcghﬁéggﬁstH@aﬁngPﬁgaBort|on
in 10 the gi FQ.C-tSIh@@le a¥dakhs hShbLLEBAtaD BAwe Neud fdh AGML i@ anand the
t hreaded shaft 128 is screwed into the internall t hreaded hole. A pair of

gui de rails 138XEEhS. P@rtFPPuégﬁa?é%e%%l%%pﬁﬂ“ ey toe g igeinge lr ai | ;
136 f ht f b k 6.to 15 t
) are T orgRdOBoLRgoHP Nt L B o%bﬁ% nth1® b 38n0h 95k kgoat o 15 exten

in the direction of Z-axis moufit 8a-ofl t he pair of
gui de rails ldengangopertmonhénodi sanmpnttma‘t Zhamgss dovrt, haeaded eghafll y( not

h ' t abl ded t 134 of th l'i,d
bllock 126 10 SOEBRISRRIBNE. B PEEFFbRPST BEab L i Fanging, porgon dfart of

a pul se nbo OrthéOdllsseCQuchedftQ khes wrﬂaﬁ@éh shafihe TgaeLpldoRe 1Bock 138
has a protrud rtion énot shown) that protrudes toward the uprl%ht

portion 134 oﬁnghggglFBEe @Egksﬁ?gt b8 i Ht etteavs tifteadde imgreanal

penetrating thhedaRelinBoPEOt rAIgdad P iR den rhhes293di [ PgLi op of Z-axis is
formed in the Erotruded portion, and éﬁﬂ'thfeazed shaft extending in the
z

direction of ZzllagtEatessarewBBer neld toRly mierand Igpide saddd 136l)e arshe
formed on the upright portion of the slide block 126 to

15 extend in the direction of Z-axis. A coupling block 138
is mounted on the pair of guide rails 136 to move in the
direction of Z-axis. A threaded shaft (not shown) is
rotatably provided in the upright portion 134 of the slide
block 126 to extend in the direction of Z-axis, and the

20  output shaft of a pulse motor 140 is coupled to the
threaded shaft. The coupling block 138 has a protruded
portion (not shown) that protrudes toward the upright
portion 134 of the slide block 126, an internally threaded
hole penetrating through the protruded portion in the

25 direction of Z-axis is formed in the protruded portion,
and the threaded shaft extending in the direction of zZ-
axls 1s screwed into the internally threaded hole. The
above-mentioned cutting means 54 is mounted on the
coupling block 138. The cutting means 54 has a casing 142

30 secured to the coupling block 138, and a rotary shaft (not
shown) 1is rotatably mounted in the casing 142 to extend in
the direction of Y-axis. The above-mentioned rotary
cutting blade 56 is secured to the rotary shaft. A motor
(not shown) is disposed in the casing 142 to rotate the

35 rotary shaft at a high speed. Desirably, the rotary



above-nentioned cutting neans 54 is nmounted on the coupling bl ock 138. The
cutting neans 54 has a casing 142 30 secured to the coupling block 138,

and a rotary shaft (not shown) is rotatably nounted in the casing lﬁ E?
extend in the direction of Y-axis. The abgve-nentioned rotary cutti 50 2004
bl ade 56 is secured to the rotary shaft. A notor (not shown) is disposed

In the casing 142 to rotate the 35 rotary shaft at a high speed.

Desirably, theéWdty blade 360ie pf2aoshintd iy bikels!igpd ohdfaineadhiny

di sk-1i ke shapg; 5 I4S I [ icl in.an
eIectrodeposiE%iﬁﬁ%g%ﬁﬁajé%égggpiEgEég?g?geﬁgg |cé?géﬁﬁéégéﬁﬁHgfdﬁﬁgﬁﬁgéd at
an end of the casiligglé2ter ejjectiancoebn®gldé qis Hwpodedrat ke 2opure
wat er. When t he | se mt or ﬁio is turned forward, the _slide block 126 is
i ndex- moved f SHwartf iR SRS diretPi BACTF 2 YEoB4 NI Ak mHL ikl Mahibe
novenent, the giglteaaryat@it.ting bl ade 56 is index-noved forward in the
direction of Y-axis. 10 When the pulse notor 130 is turned reverse, the
slide block 126 is"hedekheopPedspaBriar dl3h tshewinasttficgiwaofd,Y-thexi s, and
the rotary cutdyi; | S0 E = kwar d in.the .direction of
Y-axis. Wien tsthlelq%ull?jlslg)g%o?grs §i489§§xtnigér/§%% f%ﬁ"’v\e}a\%ra ,lq h%gecc()jlhﬁeic gLOBII 5

i s |owered 15 Y-axise dindeefloog witH- akis, mévenment s dheroathiyn dut® ing

di rection of gﬁpte g% cuttigg mhergb the rotary cutting . blade 56 is
lowered in th&dFecti 6f dPGEPTRVER tRkYeTY. 10 ST Hotlor*i40 i s

turned rever setheltheheoppllisegmobbeCk3d38s i SuFmid adddrdde Wid eqtiigan of
Z-axis, i. I.s 20 raised . in the direction of depth of cutting, whereby

€., . - N
the rotary c®lf g lBlPads 38dpx-pavedddaekyard din dg sHusict igepof o
cutting. Therghqke, ahRetpd! %81;59;,0&&69:1%091%4{ 5% & s JEY! Ng means
Vil

for nmoving the cutting nmeans 54 equi ppe e rotary cutting bl ade 56
in the 25 dir ®@cikyiaref Ltoephh direatiomgef As-anid. bWhendehet podsér natoEi g.

5, a control q@%nisléﬁrBQBSEBEHEEQ,b¥hé-ééﬁBfng block 138 is lowered

15 in the direction of Z-axis, i.e., is lowered in the

138

direction of depth of cutting, whereby the rotary cutting
blade 56 is lowered in the direction of depth of cutting.
When the pulse motor 140 is turned reverse, the coupling
block 138 is raised in the direction of Z-axis, i.e., is

20 raised in the direction of depth of cutting, whereby the
rotary cutting blade 56 is raised in the direction of
depth of cutting. Therefore, the pulse motor 140
constitutes a second moving means for moving the cutting
means 54 equipped with the rotary cutting blade 56 in the

25 direction of depth of cutting. As will be understood from
Fig. 5, a control means 148 constituted by a central
processing unit (CPU)} controls the operations of the pulse
motor 120 that moves the chucking means 38, of the pulse
motor 130 that index-moves the cutting means 54, and of

30  the pulse motor 140 that moves the cutting means 54 in the
direction of depth of cutting. In the cutting machine
constituted according to the present invention, the
operation of the pulse motor 140 is controlled, i.e., the
up-and-down movement of the cutting means 54 is controlled

35 with precision by the thickness of the workpiece (i.e.,



processing unit (CPU) controls the operations of the pulse notor 120 that
noves the chucking neans 38, of the pulse notor 130 that index-noves the
cutting nmeans 54, and of 30 the pulse notor 140 that noves the cuttildg0CT 2004
nmeans 54 in the direction of depth of culfing. In the.cutting machine
constituted according to the present invention, the operation of the pulse

notor 140 is cesddOldiEGkiese e P= p t. of, the tting
s b Ehel sgﬂgcflgx%\ﬁe]c%%/c nesrscﬁé)f at”ﬁ!e

means 54 is controlled 35 with precision kpi ece
(i.e., 17 13 OORPHOW tteps 2BhstknkssoTtbé birek sand feoed whicateomf er 20 and
the nounting {ane uck to,the back surface thereof detected by the
thiCkneSS-deté%tlnd%%%zﬁé%%g.%vhgﬁnFﬁ§_§%5$%EﬁRﬂKHQﬁn%M§&ﬂ' 20 is to be cut

not up 5 to the totient hiheksemscbhgheobr M rdwP 10 ;& RLYR! 4 'h‘;ﬂ L&)ept h
only, the gosiéion of the cutting neans 54 in the direction of Z-axi's is
i.e.

so set, , théhsodictiadn thickpess chiber oot tth 16540 1 piredditestiine of
depth of cutti t1S on39, Sehet the | S f the rqtary cutting
bl ade 10 56 i;ggbcafgﬁgét aepgg%%FgﬁnI§§g$%%(%yﬁggﬁfgﬁgwgrégné& t%@bth only
from the surf&daestioneofedi-ashduts osovwadey 20:., The peosiitijon off e
| ower nost end of .t yegutli | ade 56 c e selected with a
suf fi ci ent deé?ggdgg h%%géigﬁoﬁnbggef +r%§%ﬁﬁ}éﬁP PYG R§ €HE YieRerdFost end

of 15 the rot @oy sewt thag bhadeodérioi® codtAEttid thhthhe sukhkacg mhdhe
chucki ng f#at% 4Q tgﬂhecognize the original position of the rotary cutting
bl ade 56 a~$t dfe 1RRBFEY Ab AoPRPIeLeN | koyarasbhy @n priedetikuokingg neans

38, and cal cdeptthngnlperabRUbhet B8 FQQTYr CUYd 126 1RLAGR 28 NES £2Q agcended

fromthe original position based on the anobunt of Totation of the threaded
shaft driven B{et RESptiSE @bt ke laeernest hnd arfeddiengowasydescriingd in

oo nehentaase serbefl BEiLeloLbe U0l mE ae okl 0 according

precision by, for example, bringing the lowermost end of

15 the rotary cutting blade 56 into contact with the surface
of the chucking plate 40 to recognize the original
position of the rotary cutting blade 56 in a state where
no workpiece is present on the chucking means 38, and
calculating the amount the rotary cutting blade 56 has

20 ascended from the original position based on the amount of
rotation of the threaded shaft driven by the pulse motor
140.

In the foregoing was described in detail a preferred

embodiment of the cutting machine constituted according to

25 the present invention with reference to the accompanying
drawings. It should, however, be noted that the invention
is in no way limited to the above embodiment only but can
be varied or modified in a variety of other ways without
departing from the scope of the present invention.

30



drawi ngs. It should, however, be noted that the invention is in no way
limted to the above enbodi nent only but can be varied or nodified in?ﬁ

vari ety of other ways wi thout departing fromthe scope of the preser{ltJ CT 2004
invention. 30 1 3 OCT 2004 is WHAT \E CLAIM IS: |. A cutting nmachi ne
conprising: a chucking neans for holding a sem conductor wafer 5 that is

to be cut: a Cﬁétin neans for cutting the sem conductor wafer held on

sai d chucki ng QAQ@nIﬁioving means for noving said chucki ng neans
relative to said cutting neans in a noving direction 10 perpendicular to
the center axis of said chucking neans; a second noving neans for noving
said cutting neans A gludttiing mackand cbmpkismigngeans in a direction of depth
of cutting which is Q%F i.rection_o cegtﬁ .axi s of said chucking neans;
15 a thickness det ect iy “HeRds "PRSJEPECRP %ﬁ@%eﬁ TR NS GE twafer

wor kpi ece Bel it siaé dochecleiyg nmeans; and a control neans for controlling
the nmotion of said second noving nmeans dependi ng upon the thickness of the
20 wor kpi ece det ect &d By t4AGdMEAREKARE sCWEt B | e reemisavhctiar wedtar ng

the position qfe1sfidh GUlily Bg ' g direction of depth of cutting
relative to said chuckiﬁg nggﬁgﬂghgg% y'to set the depth of cutting the

wor kpi ece by said eutftirsg mesnsy @Sambefer mowiny tdd ket kdetealdai@ means
i ncludes a ng@;ggﬁb%p% backaprefﬁure sensor,haviana nozzle for flow ng
out a gas toward the Ssufr 284 F RN oREPR B CE R RPVIRY SH@CEH®i ng neans.
9 . . ! ! . ar !
30 2. A cubti pgrpeckicelaecebdihg tonedhi s MWL SR inPFEHf said
non- cont act back-pressure sensor is nounted
a second moving means for moving said cutting means
relative to said chucking means in a direction of depth of
cutting which is the direction of center axis of said
chucking means;
15 a thickness detecting means for detecting the
thickness of the workpiece held on said chucking means;
and
a control means for controlling the motion of said
second moving means depending upon the thickness of the
20 workpiece detected by said thickness detecting means and
for setting the position of said cutting means in the
direction of depth of cutting relative to said chucking
means thereby to set the depth of cutting the workpiece by
said cutting means;
25 wherein said thickness detecting means includes a
non-contact back-pressure sensor having a nozzle for
flowing out a gas toward the surface of the workpiece held

on said chucking means.

io 2. A cutting machine according to claim 1, wherein said
nozzle of said non-contact back-pressure sensor is mounted

to freely move in the direction of depth of cutting.

3. A cutting machine according to claim 2, wherein

35 said chucking means has an adsorbing surface for



to freely nove in the direction of depth of cutting. 3. A cutting machine
according to claim2, wherein 35 said chucking neans has an adsor bi ng
surface for 19 1 3 O C T 2004 vacuum adsor bi ng t he wor kpi ece; and saj 80CT 2004
t hi ckness detecting neans includes a nozzl® position detecting neans for
detecting a gap froman original position of the nozzle where an end of

said 5 nozzle‘ﬁﬂggﬁrj .act W th said adsorbing surface of said
eI e Orgpb?c%ai%fl ozzl e,

chucki ng nmeans to e present’ positiron and a thickness

cal cul ation neans faraichlttulckhiess tbeecthhgkiesss ofndiRRIcsOEKRLEGa <f om t he
gap between the end of . said nozzle and the surface of the workpi ece on

sai d 10 chuckiBfy ek dgeeetdiag Boansi fohodetemting AL grevsale  sensor
and from the gaf JielneostiRaof byl DAL ROSE1L Al AAINRZLe and (he

present position of said nozzle detected by said nozzle position detecting
neans. 15 2. AQARLS wgmeschinneonteor divigh ta i aidacinb inlye seirt atke o fwor kpi ece

Is a senicondq£§ﬁ§ GM@E &ng means to the present position of said nozzle,
and a thickness calculation means for calculating the
thickness of the workpiece from the gap between the end of
said nozzle and the surface of the workpiece on said

10 chucking means detected by said non-contact back-pressure
sensor and from the gap between the original position of
said nozzle and the present position of said nozzle

detected by said nozzle position detecting means.

15 4. A cutting machine according to claim 1, wherein the

workpiece is a semiconductor wafer.



