; kl e3eol | V6TFI  DESCRI PTI ON Met hod for Dicing Sem conductor Wafer TECHNI CAL
FI ELD The present invention relates to a dicing nethod using a chem cal
etching treatment to separate a seni conductor wafer into chips.

ART o Referring to Fig.10, a sem conductpr wafer Wis conbi uﬁmmmmmwmm‘ane
F as a whole unit, wth an adhesive tape T applied therebet

sem conduct or wafer Whas crosswi se streets S forned on its frontisaserface.
These streets are arranged at DeEuSaC R\ P VRIIsO Nthe formof lattice to

define a | ot of rectangul ar regions each having a circuit pa
therein. A~ s rotary blade is used to cut the sem conductor Hﬂj@ MH@ ng
t he crosmﬁfooefdlqg]a?g Sé‘rh?c o SVa Sfdf conductor chips. Se

chi ps, however, are often cracke or inner-stressed on their edg&€¥"y the
rotary bl ades. Such defects are apt to reduce their flexural strength so

that the tible to undesired outer force or 20 thermal cyclic
I nfl uéncﬁé@%&éﬁ%ﬁ@r shortened in life. This is increasingly

conspi cuous wi %e’%%@éﬁﬂtﬂﬁ@@ﬁt.b«ﬁf:@lﬁé&am g cﬁcmq P EBDY kiR d\BHEmicats.
and such cracks or 'inner stresses are al npst fat to thin sem conduct or

waf ers. leiching tieptment de sepajale arsemicondutipe waferdntocehipsaduct or waf er
2s dicing nethod using chem cal etching has been studied and proposed. It
conprises the steps of: coating a sem conductor wafer Wwith a

phot o- r e BACKGROAUNDARTappl yi ng a photonask to the photo-resistive

t f th ' duct f W, to,l th t t
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phOtO reS|st|ve coatl ng; and ero e semcon tor wafer inits streets
to separ aeemnomd@or wafend/l\lolnasmrpsswm\/svreets iS formed an itsxfsont surface.
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sem conduct or wafer w ying phot'onask in respect of their
| attice patter r&emicorm!iah:tbrmmps thowewer,eareaoffen cracked|dr innepastiessedeonval
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lattice mRblgral str@#‘dih% ti¥a ﬂ% fﬁé&ﬁb& §l§’§é d;mmé t'o“uhﬂégﬁéﬁﬂﬂﬁteﬂfar@@%‘?

patterns such as an alignment k are forne he streets of
seni @dnddbesmahacyelicy nfiuengendoe bealdampgede Ainshostenatoiedifey aTbl$er1$caI
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patterned portio fromt e overlying coating to permt the chem cal etching
on the s Eﬁﬁﬂfﬂ{qpr\)&’;ﬁ &fSfor dicing, e.g. as disclosed in JP

2001-127011A. Thetl'?@”ﬂ?é‘fﬁ’ %g?g@'%h S0y %bléf‘ntﬂfé%@hid&dﬂdtbawé*fer
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aligned with the underlying crosswise streets; removing the crosswise pattern
30 thus exposed and changed in properties from the photo-resistive coating; and
eroding the semiconductor wafer in its streets to separate into semiconductor
chips.
However, in order to expose the photo-resist to light in the method
stated above, it is required to prepare a plurality of photomasks whose lattice



In view of the above, an object of the present invention is to provide a
met hod for dicing senm conductor wafer with a chenical etching treatnent
which’is guaranteed to be free from cracki ng sem conductor chips on their
30 edges and free from causing inner-stmesses therein w thout involving
extra cost. DI SCLOSURE OF' | NVENTI ON A nethod for dicing a sem conduct or
waf er having regions defined by 3 crosswi se streets into separate chips,

each of bhgterRYidMtF sy ae differentitd ea@dt@rébrwrnﬂb diffsrent sepRieofiduEton
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nmenber r gieihe Nforemdef lattices pattemy sSuclvosriyra apparatusésteost machaier
beam to bottaons of the crossw se grooves to renove the remnaining thickness
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sem cond ar wafer is exposed,to ?’hﬁﬁrlﬁ %o be renoved; and so
thereaft ‘Pr IiNg n R @3 dizsiesed in g ¢ 61 ched to separate the
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appar atus are require and sem con tor c pS t rovi ar e free O
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each undgﬁlc?éea%,ét reet, thus allowing a | aser beamto scan the crossw se
grooves t the remai ning thickness of mask nmaterial, while a

In view of the above, an object of the present invention is to provide a
method for dicing semiconductor wafer with a chemical etching treatment
which is guaranteed to be free from cracking semiconductor chips on their

30 edges and free from causing inner-stresses therein without involving extra
cost.

DISCLOSURE OF INVENTION
A method for dicing a semiconductor wafer having regions defined by



~0 scanni.ng speed and an operating voltage of the |aser beam can be kept
constant w thout the necessity of changing or varying the scanni ng speed
.and the operating voltage. BRI EF DESCRI PTI ON OF DRAW NGS 15 Fig. 1A
illustrates a sem conductor wafer just after the masking step;, Fig.1l B

il lustrates the sem conductor wafer just after the selective nmask-renoving
step; Fig.1 Cillustrates the sem conductor wafer just after the chem cal

et ching ste¥swide ggree?ﬁ liftc? s "a?ﬁf%.%h}’ﬁ’s V& Qih OBf ﬂqérregnmqﬁrwng‘@ chrduit @

perspective view aser c I ni ng apparatus for uSe in the Sel ective
mask- r enpattegn sfarmedi therein aceerdipgcto vthe, i present ainuentian: reonpsisesr & us

water ¢ alraking SR 3naSkii i ShMeandypldtvalst iR MaekhalhBther '
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Fig. 7B 'Ebﬁrv@pf%é'ﬁsv eidldat QbrtYW@rofWHé’%aé[gﬁ'gf ?E@Htf&suat {CErel!t

an early par t he se ectlve nmask-renovi ng step;
sem condexactlyvalignedwyitls tthef uadeslying tarosswisensireeds; ofrthe emicomsiucioes
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wafer having the crosswise streets unmasked, whereby the crosswise streets
10 are permitted to erode so that the semiconductor wafer is divided into chips.

The selective mask-removing step may include the steps of: prior to
crosswise removal of the masking member with the laser beam, making
grooves along the underlying crosswise streets in the masking member to
leave a constant thickness of masking member remaining under the

15 crosswise grooves; and irradiating the laser beam to bottoms of the
crosswise grooves to remove the remaining thickness of the masking
member. The semiconductor wafer may have a plurality of circuit-patterned
laminations and interlayer insulating films. both interleaved with each other on
its substrate. If a cover layer which cannot be removed by the chemical

20 etching is formed on the crosswise street pattern, the laser beam may be
irradiated to the cover layer for selective removal in the selective
mask-removing step, thereby exposing the crosswise streets prior to the
chemical etching step. The chemical etching in the chemical etching step
may be dry etching with use of a fluoride gas. Semiconductor wafers to be

25 diced may have a thickness of 50 um or less.

As described above, a semiconductor wafer is masked with a masking
member to cover its front face on which a circuit pattern is formed; the
crosswise portion of the masking member lying on the crosswise streets of
the semiconductor wafer is exposed to a laser beam to be removed; and

30 thereafter the unmasked portion is chemically etched to separate the
semiconductor wafer into chips. Therefore, neither photomasks nor
exposing apparatus are required, and semiconductor chips thus provided are
free of cracks or any other defects, and high in flexural strength.

In dicing a multi-layered semiconductor wafer with very thin interlayer



‘grooves at the early part of the selective mask-renoving step; Fig.9
illustrates how the cutter nmeans of the cutting apparatus can be s put in
the reference position; and Fig.10 illustrates a conbination of a

sem conductor wafer and a frame stuck ta@gether with an adhesive tape. BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON Referring to Figs.1A to 6, one of best
enbodi nents of the present invention is described below Figs.1 A 1 B and

1C shOWiriéLﬂ_aﬁﬁgLfﬁmé,aér?timrp&_c@,fvmiich DA ASISE Y& bYrcutihgr withceséliofc t o
the present invention. ecifically) Fig.1A illustrates {he sem conductor
waf er W E@tasy bfladesﬁaHQOF e a@mmgo the interlayet insylating: films and therefore,
sem cond : ft &riatilRi1s Al o~ i =r enovi ng step;
and fi naW%/@FF\s.ﬁégé?%&@%P ggatlﬁgvgg$hg®#d§gts‘%r ﬁpmgfﬁéfc%g#?ér finishing

t he chenical eirBetectinely unmaskingt thehnmasked sgmicenduetorawaferdgnnibebforni s

is fornmed,.qn,the sem cgnduct or waf er V% for exapple, with use of a spjn
coat o7 161 48ttIGR i RURING INSANAJE desed 4o WaKE e GrosswiSe KEpaVRg iPnine
seni condwgh&kin %:mﬂvéfgﬂgéﬁfcﬁ'mwm{rﬁﬁwé)m@e‘# ing gﬁ?g@%ﬁbs@str&g?{ leavin

sem conduct or e I xed t0o an associ ate y an a eS|veQape

T appl i e@ constant tbiokresscobmasie materiad ef tbeomasking member: regmaining on

PPkl nosashy HDABLRING Sttt Whs alGRNES, 3 Jader HRRER' 4 s$hn' e dBSnise,
S o) Frobves ol tamobe thef ramaitings thickhess ofl masle. paterdhowhile taps
nol 689 1 S6REIND 8Pasd, ad b aperatingoNoiagpedt 4n8 asprbeam tan beokeBhe
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wi t h t he thegparatiogywaltagemski ng step). The masking nenber 15 is thin

enough to allow the subsequent step to be carried out with efficiency,
e.g., 10 to 50 Nmthick. The maski ng nenber 15 should not be understood as

being || BRIEF DESSRIPTIONOFYDRAWINGS ve tape can be used as a masking
menber 15. 6 At the selective mask-renoving step, the portions of the

maskilhg menber Fig Mhillustrates ehsemicenddetarauatarust after theanaskingostemt or
wafer Ware rempy9qe fiig8irhhss TeksemiEBRBELtdC wafer just after the selective
mask-removing step;
Fig.1C illustrates the semiconductor wafer just after the chemical
etching step;
20 Fig.2 is a perspective view of a spin coater,;
Fig.3 is a perspective view of a laser machining apparatus for use in
the selective mask-removing step;
Fig.4 is a perspective view of a dry-etching apparatus for use in the
chemical etching step; '
25 Fig.5 is a sectional view of the wafer taking-in and -out chamber of the
dry-etching treatment chamber of the dry-etching apparatus;
Fig.6 shows the structure of the dry-etching treatment chamber and a
gas supply unit of the dry-etching apparatus;
Fig.7A illustrates a semiconductor wafer W just after the masking step;
30 Fig.7B illustrates the semiconductor wafer W just after making
grooves at an early part of the selective mask-removing step;
Fig.7C illustrates the semiconductor wafer W just after selectively
unmasked;
Fig.7D illustrates the semiconductor wafer W just after being



‘A | aser machining apparatus 20 of Fig.3 is used at the selective s
mask-renoving step. A plurality of the sem conductor wafers Weach of which
is conbined with a frame F as a whole unit via an adhesive tape T and
covered the front face with the maskinggmenber 15 are stored in a cassette
21 of the laser machining apparatus 20. The sem conductor wafer W conbi ned
with a frame F as a whole unit o and covered the front face is transported
one by opRefiiedly beclkégsette 21 to a tentative depository 23 by a
transporting means 22 and transported by a transfer means 24 while being
sucked t her et oFigh8ds énperspegiive view of Becuiting appar@ius taheuseddnnaking

table 25 uct or vvafer Wis
put. bel o SAVEY B5 18 L Br Uf e, 5 Rt QB Rk AR 8RR e,

proj ector 28 oF|ga9I|Hastratnmhomathe1t:uttgrrmeaasﬂ fhe outtmgwappammsm:amuét

t he so det street in respect the Y axial direction. If a

seni -? raﬁyg ﬁ?ﬁ ﬁ@'ﬁpﬁS m%wﬁgﬂ ?9 |s applied on the front face of the
sem conduct or ER{ 40, ILSfrafeH Eambirfitior 5P SOmSERdl SR e i drastkante 20

menber 15 for ecting a se street After the required I gnment i s
fini shedstuotetogatberwiﬂm ancadhesiveviapet. urt her in the +X-direction, allow ng
the | aser beamto irradiate the portions of the masking nenber 15 aligned
with the detected street. Thus, the overlying linear strip is renmoved from

t he WHSKBESMME%OI?EERRWNGTOUIITTEHBH@VEN?BITONadl ating neans 27 is
driven the str [ t he chuck

et-tp-streef distance in t xial directio
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i ncreit_SEd ef fi Flrsm%tv]ttwnnaskmlg/vstépt laema:shmgtmmlbet i1dhis ef@rmelulr enzthe
unmaskli n 0CEeSS en electiv renovyl n e I S (0] e n
211 the SERICORALIGHST WAIHLVG TOf REAMAlE. BER U 3 SPiYatet JOI 78 SPOWN, T
the casseigo 21aolHeRISBR! 1 hof Xty HAGINER e SERREnERRbOMarér W oan

dry-etchi n§g appa ratus 30 as shown 4 I's used In carrying out the
chenkeal bex motated hiyed. drive seang ik FTbezsemmondqctet wafeg Wpﬁaﬂm@stom

s kea esRcleR reffe U2 eAAnBRNG 108, T audlied U, 0% Rrbr Thofof Ui

CEem’j cal Isﬂng:b}gdu@élemfw W arh\de thesframtee leSweatevbaHy,t Httehaghelsl\aercﬂaﬁeuT _
chanper or recelvin con uct or _warl.ers t he er t ng-1n
and - ou tseS: thg (ORI CaRagFe Steking ta,dRe: fahTake 't 18

chamber 3% ﬁlh'v@éf trrW’It ”‘Fﬁé ﬁgﬁgﬁ‘é@% aﬂ@féf W%éh‘fb‘?héq%lthothe

f eedi ng the 8 Ing treatnent c etchin
t aki @§-i frame F aSta weole unit viethe adheeweetapea yszbeldqmsthed\dder tableutt or

waf er s Wﬂgtﬁ%f&}ﬁ f58§méhe cassette 21. Then, a first gate 35 of the

wafer ta ‘hanber 32 is opened, allow ng the sem conductor

wafer Wto be Whrleqrmtatmglt@he h&t‘demtatttte ¢tlaatbarhig1h SpeéHO\@ drOpFOerQSIS'P\S
seen from Flgé MiRé"Wafer ta in and -out chanber 32 | 2s |rs4@1lated

from t he RAlY B @ thekOBh B8 Olshe, SemicoRoNGtYwater onriink | ak
3015 Texneefic/Birt it AARCR Riinfed ! "ThERC M FohPrate bf theemtdidugibhe

waf er taking-1n an tothe ry- etcmgtrea men er 33
or visoe weafes. V\Assgmtefd wﬂtﬁtbe&emslp@uolmerl(maskmlgestep))desTlse masking
connected_tQo h- f r equen and-t ner nit 38 i,n the

iy et chimgeat e Mo SRGUGRIY RN e SUealiEiitstO8 to s baiied Britiitn

oppomtegﬂg,@tﬁcgdgsq 390 ®k80 Prighigk.t of the holder 36. The holder 36 is
equi pped wth a’coo means 40 for cooli n(tg the sem conductor wafer W
The maskmg member 15 should not be understood as being limitative.

Alternatively an adhesive tape can be used as a masking member 15.



‘The gas supply 34 conprises a tank 41 for storing etching gas, a 8 punp
42 for directing the etching gas fromthe tank 41 to the dry-etching
.treatnment chanber 33, a coolant circulator 43 for supplying cooling water
to the cooling neans 40, a suction punmpgt4 for applying negative pressure
to the holder 36, another suction punp 45 for sucking the etching gas from
the s dry-etching treatnent chanber 33, and a filter 46 for neutralizing

the used et chi pq fRs selebtfl MnasRererHeVir) st tHE PORidNS oF Ha! Maskiity O

neutralized etching gas through a drain y-etchin

t th
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nmeans 31%%§?§P¥@H%’ggﬁﬂgﬁédﬁéﬁﬁﬁgﬁﬁﬁgﬁgﬁ{3gﬁductor wafer Win the direction
i?)gdi Path ed byf t e Iavsfepmaohiﬁ}mg 5apparat%1_si 20oof tﬁigégOi_sdensleaG ai(’]cI ntheh setbetiver
with its front face up. en, the first gate is, closed t vacuyat
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38, thereby geMpeasénticendactranaferone totrisinednivithralfrieine Fvakea whdler usity
etching. At , the sape tine, coolln%ﬁg%%sr lgns lied fromthe cool ant

ci r cPat @nchgoverachthe Font fRCeiH: R RBe fHmtthecassetie 21 to a
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o ode t o (ENHtYE dBlpaSitary (23" By ' fansriortiy, mddng 22 3Md wanSaGladTBy a
Fig.1 C transfec aheans!2h whilecbging:suckedtthieretp tdha ciseck tablei 29 todse iheld

dr awn frgﬁ1the dry-etching treatnent chanber 33 by the suction punp 45, and
it is nedPHDed in the filter 46 to be drained away through the drain 47.

Then, the chantgie33thé ehackdfatle 25did MBvelinh SheORKGettidh,| anaPened.

thereby allowing the so holder 36 to carry the dry-etched_sem conduct or
waf eft5W iseraiconslugieewafakWds put hedowoan aligament seansda, whieh deteets gat e

37 | | : . W ) '
chanber Soiopiel Fifebh” ARFREIeE 28 SRR B i Richu Y MR 27 1 WL I
Sﬁ tragsfaiigs'\mdtaﬂt grlitsh melcbteodstect@@rsdlée:etdn mb];etct‘afftherff-taixea' chéiaed:m‘ dn.32lf_cg 4
t he cassejte 21. e _sem conduct or. waf ers are {reated gs describe
above, RPN TaNBIPELaSRNGOMAIBRST Iar 5 aPpliechan 1 dFant 168:o6 the.
Then, t hasrrRdictSr WalerONMIYSIE raPSPare” s 18" rligh AP ReRking o
cl eaned s by using an appropriate sofvent. The serm conduct chi ps ar

fr ee 20f angnnhﬂretgéosdeteetmg:aassdectgd stneet. stresses, which woul d be caused

o et ek e BARURaHRARo BBRL e Bo b LS KU ke 25 T SRhEEY"

50 Nm or fuether iffthedrX-ditedtiony allowirighttre kavertseavvieniraaiates the poetions of

dicing S%ﬁg tnqlagki%%mrﬁgpn ueCrt 9 5 \Aglfléarqu with the detected street. Thus, the
overlying linear strip is removed from the masking member 15.

25 Every time the laser beam radiating means 27 is driven the
street-to-street distance in the Y-axial direction, the chuck table 25 is
reciprocated in the X-axial direction, thereby removing each and every linear
section of the masking member lying on the X-axial streets.

Then, the chuck able 25 is rotated 90 degrees, and the laser beam is

30 made to scan the semiconductor wafer in the same way as described above.
Thus, the crosswise portion of the masking member 15 lying on the crosswise
streets S is removed, as seen from Fig.1B (selective mask-removing step).

The selective mask-removing step using the laser beam does not

require any photomask, exposing apparatus and removing apparatus which



‘Also, in.case of dicing a sem conductor wafer Whaving nmulti-I|ayered
structure with a plurality of very thin interlayer insulating filns
.interleaved with the lam nations, the | aser beam scanning the seni conduct or
-waf er for ~s selective unmaski ng does ngt apply any force to the interl ayer
insulating films, conparing a case of dicing wwth use of a rotary bl ade.
Therefore, there is no fear of insulating filnms being peeled off |ike a
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sel ective, mask-renoving step is ni shed; and Fig. /D shows the state of the

sem ¢dndSteRr waf er Wijust after the dry etching step is finished. 10 At
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W t he SKi IB

t he front ace transported one one
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| i near p&NAWRIR ki ng menber |ying on the detected street while the
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In Fig.7B.
from the wafer taking-in and -out chamber 32 to the dry-etching treatment

chamber 33 or vice versa.
As seen from Fig.6, upper and lower electrodes 39 are connected to a
30 high-frequency power supply-and-tuner unit 38 in the dry-etching treatment
chamber 33. In this particular example one of the opposite electrodes 39
takes the part of the holder 36. The holder 36 is equipped with a cooling
means 40 for cooling the semiconductor wafer W.
The gas supply 34 comprises a tank 41 for storing etching gas, a



30 To control the cutting depth by the rotary blade 58 with high precision,
it is necessary to set a reference position for the cutting neans 57.
Referring to Fig.9, the cutting nmeans 57 has the rotary bl ade 58 fixed to
its spindle 59 via flanges 60a) 60b andg nut 61, and the chuck table 55
has a nmetal ring 55a fixed to its circunference. A conduction detector 62
S 11 connected between the cutting neans 57 and the conductive ring 55a

of the c t ol i t | oy e ! the
descond: RATR 22 1B KRACURF ARE olching Liae Tro, e, Yk Mol O0HHE v IERng.S
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di stance in theg,Y axial directjon he. chuck tahl e, 55 is regciprocated
the X axial 158 Aostcing they Selactivehi Birodsisd semivordiidoniiater W.
directi OFPIaé ‘firé?ﬁéﬂ% ?Bﬁfctﬁé%éfér taRIY-M BAdL-Biut bﬁ%ﬁﬁbéﬁbz%' nedarfd'the
correspondi ng one of the X-axial streets. After all the grooves 15a are
made10n Wafek- daking-in r @d orout heneangk 3hbicargesi sar eledbounmpasiead

const ant SFEECRENEtor RAM O Rife HteplBndRaRAIEY 1 FRLBG oM I Fl 03B Bt b,
the croson the holderdds irnthé thamisér B2 withritsrfrdist facengp on Then, ¢theSirst gate

streets of the sem conductor wafer W renoved to | eave the constant
t hi cknes35l§b°|9§8ﬂet@t$‘(/%c%t§«{h%ﬁ%§mﬂfr§ip) . 2s Next, the laser beamis

br oj ected to ¢ it @bgohli%alelsyeR dpanel ® allof fRINIMEN IS kitihs

15b in the same way as descri reference to Fig.3 to conpletely
renovd t fieta thevidnyrejching tneadmerdichambes83.r ohhBsgihe sesriconductor wafer

Const ant WiiPduuEEths EBGTRRS RO F N if 8.8 Bleed bl RERING Sug EiEmber
por ti ons 3F witheafestehitty Gaibstich ad 8 thin fladpicegas by asmiethepunis 42ssid
beam wi t hout the necessity of changlngaor varying the scannlng speed of the

| aser bed apPlYing the:high-freauancyg¥oliags tor the dighdieane ctrgdes 3Dt
conpl et elpnrdy! e HighSré§ueAty BowBr L5 FiyidAGuner 138, thereby generating a
20 plasma over the semiconductor wafer W for dry etching. At the same time,
cooling water is supplied from the coolant circulator 43 to the cooling means
40.

The unmasked portion of the semiconductor wafer W is dry-etched, so

that the crosswise streets may erode to divide the semiconductor wafer into
25 the chips, as seen from Fig.1C (chemical etching step).

After etching the used etching gas is drawn from the dry-etching
treatment chamber 33 by the suction pump 45, and it is neutralized in the
filter 46 to be drained away through the drain 47. Then, the chamber 33 is
evacuated, and then, the second gate 37 is opened, thereby allowing the

30 holder 36 to carry the dry-etched semiconductor wafer W into the wafer
taking-in and -out chamber 32. Then, the second gate 37 is closed.

When the dry-etched semiconductor wafer W is moved into the
chamber 32, the first gate 35 is opened, and the taking-in and -out means 31
transfers the dry-etched semiconductor wafer W from the chamber 32 to the



‘Next, the dry- etching apparatus 30 as shown in Figs.4 to 6 is used to

dry- etch the crosswi se streets S of the sem conductor wafer W separating
it into semconductor chips C, as shown in Fig. 7D. In the above-described
.enbodi nents) the dry-etching treatnment igs s used as the chem cal etching.
Wet -etching treatnent, however, may be equally used. For exanpl e,

sem conduct or wafers may be soaked in a fluoride bath, as wet-etching

t reat menggssRBEIRI AL APPLICABILITY ~0 As is descri bed above, the nmethod of
di ci ng sem conductor wafers according to the present invention conprises
the step of: nAdiihegsemiconductarayafers er@:treaéadcaﬂqdescabedaab@ve,namuaih a
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advantageousl use o
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streets |nt&separate chi ps, eac ?f the regi gns having a, circui er

for md@ t FRe ¢ sadvantagagusiy guse p'rbfdlﬁ*tﬁ‘gmsh-@h rtelrg@ﬁmmmﬂmw
waf er w %naskl ng menber to cover the front face of the sem conductor
waf er on I'ch the circuit patterns are fornmed; a sel ective mask-renoving
step of irradi Al$oginacaseeof dieing acsemicenductor avgferaibhavingortuiltidayered

i f th Ki whi ch. | | ], i, h .
P otier Ty gfuctiite Witk M S vetkdhitintedalet insutalifg fims teriefied with
et chi ng $hep|gthirfdtfidRs;althy Risdl Beanhese8RhiY dhet csremefo?fddadr Ngafdre for

crossw se streets unmasked, whereby the crosswi se streets ~ are permtted

to edbde S@dﬁttthé& unnmasiﬁngdnmapbapm anyiferce (o the lnhenay@mmpsula:tlng/sfllm hod

wherei n CRETRATINTE S84 & MM Wit \BeS6P A B Blete, “EhgtdoRs. trB 48,
L

on
lgreg\e\e/ez 2ons?aﬁts Shw&kn Wﬁdnﬁﬁt‘@{ QrediRy 8 &Bngﬁﬂﬁfegasfﬁs @g&bbw se
o emovdeknessags ﬁf‘ﬁ”geﬁj"&ﬁ haGEforPRAE! to be BERIEY, | ARyBRERSYbaSYUIREYCr

di ci 89 a tiseei iovolned dorvd:TyeetGMmg wmmm@dbrpyaﬁereohamrgg tev thickness, of

o nat1 MR FERE Gy eF. BiariH soRa @ abdw narsnletlEhr Sasers

ot her on bd dicedoquiokiy. 30 4. A nethod for dici ng a sen conduct or wafer
I nto separate h| ps according to,claiml erein if a, cover laé,\pgwm ch

cannot be reno QRIUEIOF Walprs NIVR pEeseNisenstrepts ¥eEqd et
P:;;\e/;r Iv?] 'ﬂ’t?hde ol gf?ﬁ’%i‘cﬁ tahABt BeCremBvEREh§ WG efchiffy, Y 18§ CBRAKT is
25 preliminarily projected to the covering layer to remove portions of the
covering layer corresponding to the crosswise streets, thereby permitting the

semiconductor wafers to be diced by dry etching.

Figs.7A to 9 show another example of practicing the present invention.
Specifically, Fig.7A shows the state of a semiconductor wafer W just after the
30 masking step is finished; Fig.7B shows the state of the semiconductor wafer
in the course of the selective mask-removing step; Fig.7C shows the state of
the semiconductor wafer W just after the selective mask-removing step is
finished; and Fig.7D shows the state of the semiconductor wafer W just after

the dry etching step is finished.



14 mask-renoving step, thereby exposing the crosswi se streets prior to the
‘chemi cal etching step. 5. A nmethod for dicing a senm conductor wafer into
.separate chips s according to claim1l, wherein the chenmcal etching in the
-chem cal etching step is dry etching wi{fp use of a fluoride gas. 6. A

met hod for dicing a sem conductor wafer into separate chips according to
claim1l1, wherein the sem conductor wafer to be diced has a ~o thickness of

50 Nm or |ess. AtAfHe Afﬁé%kh?*Yst‘bﬂ"FaAi"ﬁ(aﬁaﬁé AhEmberY-¥5 Sk formed on the
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76 i e e i S L N LT
@t#'lg'% 3&3{?%8}?%%6 I@@Qﬁ’gn%éﬂtwﬁ&ﬁﬁé@(ﬁéﬂymg K¥8shise sHEBI®.() -
wU3! R 3&10%{\(&1:1 thig! cattingpamaghine (50,3 iusality -qfi thessautigesdygtar wafere 1034
O-¢f %‘%%ﬂ(ygfo’ %ﬁ/ﬁléh(ls comﬁ)lned with a frame F as a whole unit via an adhesive
tape T and covered the front face with the masking member 15 are stored in
10 the cassette 51.

The semiconductor wafer W combined with a frame F as a whole unit
and covered the front face with the masking member 15 is transported one by
one to a tentative depository 53 by a transporting means 52 and transported
by a transfer means 54 while being sucked thereto to a chuck table 55 to be

15  held thereon.

Then, the chuck table 55 is moved in the +X-direction, and the
semiconductor wafers W is put below an alignment means 56, which a
selected street is detected. A rotary blade 58 of a cutting means 57 is put in
alignment with the so detected street in respect of the Y-axial direction. If

20 the masking member 15 is a semi-transparent, infrared rays are used to pass
through the masking member 15 for detecting a selected street.

After the required alignment is finished, the chuck table 55 is moved
further in the +X-direction, allowing the rotary blade 58 to cut the linear
portion of masking member lying on the detected street while the rotary blade

25 58 descends and rotates at a high speed.

The rotary blade 58 is precisely controlled in respect of the cut depth
in the masking member 15, thus leaving the constant thickness 15b between
the bottom of the groove 15a and the upper surface of the semiconductor
wafer W, as shown in Fig.7B.

30 To control the cutting depth by the rotary blade 58 with high precision,
it is necessary to set a reference position for the cutting means 57.
Referring to Fig.9, the cutting means 57 has the rotary blade 58 fixed to its
spindle 59 via flanges 60a, 60b and a nut 61, and the chuck table 55 has a
metal ring 55a fixed to its circumference. A conduction detector 62 is
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The upper surface of the conductive ring 55a is coplanar with the

upper surface of the chuck table 55, and the rear face of the semiconductor

wafer W is sucked on the chuck table 55 without any gap therebetween.

Therefore, each and every groove 15a can be exactly cut by the rotary blade

10 58 to precisely leave the exact constant remaining thickness 15b, provided
that the Z-axial position of the descending rotary blade 58 is controlled
relative to the reference position.

Every time the cutting means 57 is driven the street-to-street distance
in the Y-axial direction, the chuck table 55 is reciprocated in the X-axial

15 direction, thereby making a groove 15a in the X-axial direction to leave the
constant remaining thickness 15b which runs on a corresponding one of the
X-axial streets.

After all the grooves 156a are made in the X-axial direction, the chuck
table 55 is rotated 90 degrees, and another grooves 15a are made in the

20 masking member 15 to leave the constant remaining thickness 15a in the
same way as described above. Thus, the crosswise portions of the masking
member 15 lying on the crosswise streets S of the semiconductor wafer W
are removed to leave the constant thickness 15b (selective mask-removing
step).

25 Next, the laser beam is projected to the bottom of the grooves 153, i.e.
the remaining thickness 15b in the same way as described with reference to
Fig.3 to completely remove the remaining thickness 15b as seen from Fig.7C
(selective mask-removing step). |

Making grooves 15a to precisely leave the exact constant thickness of

30 masking material 15b permits the crosswise portions of the masking member

- 15 to be completely removed by the laser beam without the necessity of
changing or varying the scanning speed of the laser beam and its operating
voltage even if the masking member 15 is not completely flat or is irregular on
the surface.
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* )(|:0&10de§¢@&&%)9@6{&3§va9,¢:§@%$($ of 1be§emgzpnc}uctor wafer W, separatlng it
into semiconductor chips C, as shown in Fig. 7D.
In the above-described embodiments, the dry-etching treatment is
5 used as the chemical etching. Wet-etching treatment, however, may be
equally used. For example, semiconductor wafers may be soaked in a
fluoride bath, as wet-etching treatment.

INDUSTRIAL APPLICABILITY

10 As is described above, the method of dicing semiconductor wafers
according to the present invention comprises the step of. masking the front
face of each semiconductor wafer on which a circuit pattern is formed;
removing the crosswise portions of the masking member which are in
alignment with the underlying crosswise streets of the semiconductor wafer,

15 with use of a laser beam; and chemical-etching the exposed crosswise
streets to divide the semiconductor wafer into separate chips. The
semiconductor chips thus provided are free of cracks, and are high in flexural
strength. Particularly, if multi-layered semiconductor wafers with interlayer
insulating films are diced, advantageously use of the laser beam causes no

20 destructive force to be applied to the interlayer insulating films, and therefore,
there is no fear of interlayer insulating films being peeled off as in a mica
plate.
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10 selectively remove crosswise portions of the masking member which are
exactly aligned with the underlying crosswise streets of the semiconductor
wafer; and
a chemical etching step of chemically etching the semiconductor
wafer having the crosswise streets unmasked, whereby the crosswise streets

15 are permitted to erode so that the semiconductor wafer is divided into chips.

2. A method for dicing a semiconductor wafer into separate chips
according to claim 1, wherein the selective mask-removing step includes the
steps of: prior to crosswise removal of the masking member with the laser
20 beam, making grooves along the underlying crosswise streets in the masking
member to leave a constant thickness of masking member remaining under
the crosswise grooves; and irradiating the laser beam to bottoms of the
crosswise grooves to remove the remaining thickness of the masking

member.

25
3. A method for dicing a semiconductor wafer into separate chips
according to claim 1, wherein the semiconductor wafer has a plurality of
circuit-patterned laminations and interlayer insulating films both interleaved
with each other on its substrate.

30

4, A method for dicing a semiconductor wafer into separate chips
according to claim 1, wherein if a cover layer which cannot be removed by the
chemical etching is formed on the crosswise street pattern, the laser beam is
irradiated to the cover layer for selective removal in the selective
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step is dry etching with use of a fluoride gas.

6. A method for dicing a semiconductor wafer into separate chips

according to claim 1, wherein the semiconductor wafer to be diced has a
10 thickness of 50 um or less.



