1'8 J UL 2005 1 DESCRI PT1ON Mthod for Dicing Sem conductor
Wafer 5 TECHNI CAL FI ELD The present invention relates to a dicing nethod
uUsing a chenmical etching treatnent to separate a sem conduct or wat-8rJdUL i
chi ps. BACKGROUND ART 10 Referring to Fig.10, a sem conductor wafer Wis
conbined with a frame F as a whole unlt, with an adhesive tape T applied
t her ebetween. The sem conductor wafer Whas crosswi se streets S fornmed on

its front surface. These street r r eg}zﬁ regular intervals in the
formof lattice to define &1Bt o& %eitéﬁ.gal egi ons each having a
circuit pattern fornmed therein. A 15 rotary blade is used to cut the

sem conduct or wafer Walong the crosswise streets Sinto separate

seni coMethod fohDicing ®emicondactor \Mafes, however, are often cracked or

i nner-stressed on their edges by the rotary bl ades. Such defects are apt to
reduce their flexural strength so that they may be susceptible to undesired

out gr mEGHNICKQ tiErpal cyclic influence to be danmaged or shortened in
life. This I's increasingly conspicuous with sem conductor wafers having a

t hi ckness of Tis® presentlipyentiandrelates doagdkdicing imethod wsisgea chemitalpst

or obl erftchii B Ie Sodats 2 sSeitPaidGat PR 108 Ry em cal et ohi ng
has been studi ed and proposed. It conprises the steps of: coating a

sem conductor. wafer Wwi_th a photo-resistive material; applying a photonmask
to the BAGKGROUNDARIoating of the semconductor wafer Wto expose to

Lo L% ORI BbCh SEmEheRto A By I8 B HARCHRRTH =
pr oper tframe Faas hghpleunit) withsan ethesive tape dhappheddhesbdtvesmi cFheuct or
order tSEHRRLIERE WRRIO BRsErassWIgIRIT SIS hdoRmerban s St sidaee i ¢ i
requi r eghbeeRitFdaistark Bhianddd 4t PbgBRRATEIVER M AFE fbith dfdSttice to define
a lot of rectangular regions each having a circuit pattern formed therein. A
15 rotary blade is used to cut the semiconductor wafer W along the crosswise
streets S into separate semiconductor chips.

Semiconductor chips, however, are often cracked or inner-stressed on
their edges by the rotary blades. Such defects are apt to reduce their
flexural strength so that they may be susceptible to undesired outer force or

20 thermal cyclic influence to be damaged or shortened in life. This is
increasingly conspicuous with semiconductor wafers having a thickness of
50 um or less, and such cracks or inner stresses are almost fatal to thin
semiconductor wafers. '

In the hope of dealing with this problem, the semiconductor wafer

25 dicing method using chemical etching has been studied and proposed. It
comprises the steps of: coating a semiconductor wafer W with a
photo-resistive material; applying a photomask to the photo-resistive coating
of the semiconductor wafer W to expose to light the coating portion which is
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



1.8 JUL 2005 2 patterns and sizes are different to exactly conformto

gi fferent sem conductor wafers to be diced. This is disadvant ageousy fJ[lE’?UﬂS
the economi cal point of view Also, a conplicated problemis caused in
managenent. Still di sadvantageously, it is necessary to install an exposure
5 apparatus which can precisely align @ seniconductor wafer with the
overlying photomask in respect of their lattice patterns. In addition, it

IS necessary to install a coating renoval apparatus for selectively
renovi mptteraspand isicesare whiffergnd: o exaclly confesatipdiffareahsemicengustar t o

appar atUaEE SR E Hies® - RlY & qiseliaiftabRR s trohf ihe SHaTRAL ot b 1@
al i gnmajiewrarAlse;, @ tomplidated pPreblsmdstcausedd in rrmagedentor wafer Wwith a

mat eri al whi ch,cannot, be renoved by a cheni cal etchi.ng treatment, the
sem conduct orgt\llgf aww&&tﬁﬁﬁpysg’an?&ot'Sb@e‘iﬁsﬁﬁi’yb¢°t HB&Q'Lh?Hg PRAWYeNt . 15
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nul ti - | gy dhed fermuafulaiticet padternur abuch @xtter apparatusesulcast ngnuch nin (1 ow

dieipgctﬁyg? ant filnms) interleaved with the lamnations, if the rotary
StREHE

bl a what deeper than required into thin insulating filns, sone

thin 25 insul B tage fpdtiginarsudiphstan biighasemdneirk dredorided] sartheosidgetsr
wafer,-as in a_  mca plate, In view of the_ﬁgbove an object of the present

i nvent i 6h & semicpRdueias walefeY\hyith @ material Whighcemanet be 1atneved; by a
T coEEPA BTG, FERimetd, ol SorARRRICSK cPan BERAIORAROF .
t her ei ndigadbyttherstehing{reattmemt. cost .

15 - To solve this problem, it has been proposed that a rotary blade is used
fo selectively and mechanically remove the lattice patterned portion from the
overlying coating to permit the chemical etching on the semiconductor wafer
for dicing, e.g. as disclosed in JP 2001-127011A.

The selective mechanical removal of the coating with the rotary blade,

20 however, may crack semiconductor chips on their edges, thereby reducing
their flexural strength. Particularly in case of cutting a semiconductor wafer
having multi-layered structure with a plurality of very thin insulating films (low
dielectric-constant films) interleaved with the laminations, if the rotary blade
cuts somewhat deeper than required into thin insulating films, some thin

25 insulating films are apt io be peeled off from the semiconductor wafer, asin a
mica plate.

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 o be free from cracking semiconductor chips on their

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

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



DI SCLOSURE OF | NVENTI ON A nethod for dicing a sem conductor wafer having
regions defined by 2005 1:!.9 jut 3 crosswise streets into separate ci'ﬂ' ps,
each of the regions having a circuit pattern formed therein accoﬂg 1%L Q;
the present invention conprises a masking step of masking the sem conduct or
wafer with a masking nember to cover the front face of the seniconduct or
wafer on which the circuit patterns 5 fornmed; a selective mask-renoving step

of irradiati_n a | aser pbeamto  selectivel Ve CIL 0SS ortions, of the
maski n@fmﬂé@ ﬁHB@Fﬁ éﬁ"& sepacats 'P%n%@cﬁn ?ﬁﬁlﬂ) Vi%ﬁ\ﬁa cROSIEGHIE o

street 0 n a

chem CEFF‘& etc | ng t e sem %gﬁgﬂf gr td Eh@ ﬁ%ﬁghq%ﬁiﬂglﬁ;gg% elésgtsr eets
unnask enaskingrsibp uﬂmaskmtm semiceoadsiclar waéerpwnhlm a maskmgemanabeo to hat

t he senmi conquct.or di vi ded chi Lecti.ve enovi n
step mepURhdNEEoRtECE ohIng semBondicior HaSe arowhig i Citsil RatRESRT ng ™
nenger fu¢rhBdt e éé&%%hvée%smbmmgr %Pé’;?sofihﬁ'a@iléﬂ'ﬁg ugdesder HedThos§W se

streets in the maski ng nenber to |eave a constant thickness of masking
nmenber seémtwalmgrameye crassMgiser postinvrs tajr tw gxasking imembat iwhichhareéaser

of 1 ho ity Bla i e WRHeGiM KHEP e SRR HEfné SBrilitagrof; "

ci rcui watelrt ahdes chetnloztatehingpstep of esHevivaliynetohitd rmefsémﬁczmdnhctor
interl eaved with each other on its substrate. . If a cover | ayer whi ch cannot

be remWalierhiaving tba&m&wn% strieats smasked nwhesaby Hhecrosswise siteatst
P2 hen i PETLACH D BRIRY B e dol NErep YL gUA o prARL ot e
streets priofThe SElEr:tIVH1 mslaJrthmhng stepemayTinclude rti'neasteepsc bf ngrion tohe
%2%%8%&9%%@5"%% Gal, St enadib’ Mgpss vl Theidases BPaBh BIAIGHDI ess
pe des Rty (o SHAGATIHE LRSSHPES! trSelIH ol hidsngeieTbr TBT0CT
porti orleavet lee constany thicknessyiafg nasking crneﬂmfse'eemamg oider the
15 crosswise grooves; and irradiating the laser beam to bottoms of the
crosswise grooves fo 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 substfrate. If a cover layer which cannot be removed by the chemical
20 etching is formed on the crosswise sireet 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 eiching 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 ym 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



the sem conductor wafer is exposed to a | aser beamto be rempved; and 3o
thereafter the unmasked portion is chemcally etched to separate t;lI*Be 00
sem conductor wafer into chips. Therefore, neither photonmasks nor " eQB % Elng
apparatus are required, and seni conductor chips thus provided are free of
cracks or any ot her def ects, and hi gh4n flexural strength. In dicing a

mul ti-| ayered sem conductor wafer with very thin interlayer 1.8 Jul. 2005 4

ot ar y IS aEnacHm: ek TRAGte WHGH woukd bercaiad byodning with ise obaq °
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grooves to renove the remsu ni ng thji ckness of sk material, while a lo
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seni corgheh und@lying streedf thars Elewingkaniasst dpeamFtg. sdan Ithestrodswgisthe

sem conductor wafer just after the, se? ctive k-repoving step;, Fig.1C
11 st 1908y end OSéWJtQMﬁjJS@or"eWsﬁ‘qu thiess @hanarknieaibral okhlle 3t op:

o' g. gcdrfmﬁgp géea%haeawsge %ifaﬁ@%ﬁ% 'fa 3 beand Qﬁﬁsﬁé%é e view
of | aser math aratu e sele |ve mask-r enovi st ep;
Fig. 4 i sonstaat sr\pﬂrmutvthewnmsﬁttyaoﬁclyangm ogvamagathaascfmmngespeed aad
chem Cat|[h etcﬁ{ﬂrlﬂ,’steﬁ 25 Fig.5 is a sectional view of the wafer taking-in
and - out"&RR o ﬁg *dry-etching treatnent chanber of the dry-etching
appar at us;

BRIEF DESCRIPTION OF DRAWINGS
15 Fig.1A illustrates a semiconductor wafer just after the masking step;
Fig.1B illustrates the semiconductor wafer just after the selective
mask-removing step;
| Fig.1C illustraies 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.7Allustrates 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 iliustrates the semiconductor wafer W just after selectively
unmasked; |
Fig.TD ilustrates the semiconductor wafer W just after being



Fig.6 shows the structure of the dry-etching treatnent chanber and a gas

suppty unit of the dry-etching apparatus; Fig.7A illustrates a selné Cﬁmiutdé:tor
waf er Wjust after the masking step; 30 Fig.7B illustrates the J

sem conductor wafer Wjust after maki grooves at an early part of the
sel ective mask-renoving step; Fig.7C iMlustrates the sem conductor wafer W
just after selecti veI y unnmasked; Fig.7D illustrates the sem conductor wafer

W j ust fter 8 .8 JUL 2005 5 chemcally etched; Fig.8 is a perspective
Vi ew oP gmigd Vr‘?g BBHaratus to be used in making grooves at the early part

of the sel ecFiy® jges berr%@&"ﬂlmvﬁ‘:!\ﬁlbf d:CG’Etﬁlgnébﬂéfét@lts% H?@\Ns@aelrpﬁfék@ﬁdg nmeans

of the cutting apparatus can_ be put in e reference position; Fig. 10
i 11 ust ghoeyes atdhsi ey parbef th%éﬁi&ﬁih’cmﬁ'taﬁrk -lRMevinghetepsrane st uck

Refer i ng.t of 19 s MERGEEE e S dutienrRarischt i cH9hy Rohabelus B4R Hoch  on
S gesgutbQthqbwerE;@pogmonl dghdind 1 C show t he sequent lal steps - of

dicing a sem_con tor wafer accqrdi,ng to the present inventio
Speci fi cal | yF|911g) ﬁh\!ﬁtﬂat9§t@ ae |ﬂﬂg°8m%§ﬁWG98ﬂ ey raaaara frameni ng

t he ﬁblggoa%g.%se\ﬁhﬂ aﬁ?aH'h'e%i\F {8 t he sem conductor wafer Wafter

finishing the ectlve nas ving step; and finally Fig.1C
illustrates the sem conductor wafer Wafter finishing the chem cal etching

ite%peo%%%ﬁ MobE FER GARRY MG BUTTHERVENTION, " ont or 10 as Shown i
g2. A hol g?%férﬁhgetoll'—'r §r1A'teseel bru'éobﬂlmﬂstt EfmisIinteaust Qhe‘”@f Mo/ can

20 be rotate rive ans . he sem conductor wafer Wis to an

associ anvantloans desgyibed bealmyi vElgsaﬂA T Bppd @ showHhbersequential stepshe
s conedng Sh selhEBhchitof "B’ aBBSING 1 Yog' MeRdRESNGRrRE T
seni COF@péclﬁtaﬂ@f Fig WA Thetetes abedgetmcondiictor Wafsb\esftar fiRishiveg the
masking step; Fig.1B illusirates the semiconductor wafer W after finishing the
15 selective mask-removing step; and finally Fig.1C illustrates the
semiconductor wafer W after finishing the chemical etching step.

First at the masking step, a masking member 15 is formed on the
semiconductor wafer W, for example, with use of a spin coater 10 as shown in
Fig.2. A holder table 11 for fixedly holding the semiconductor wafer W can

20 be rotated by a drive means 12. The semiconductor wafer W is fixed to an
associated frame F by an adhesive tape T applied to the rear face of the
semiconductor wafer W and the frame F. Specifically, the adhesive tape T
traverses the opening of the frame F, sticking to the rear face of the
semiconductor wafer W. The semiconductor wafer W combined with the

25 fréme F as a whole unit via the adhesive tape T is held on the holder table 11
with the front face up.

While rotating the holder table 11 at a high speed, a drop of resist
polymer 14 falls on the front face of the semiconductor wafer on which an
electric circuit pattern is formed. Thus, the front face of the semiconductor

30 wafer W is coated with the resist polymer (masking step). The masking
member 15 is thin enough to allow the subsequent step to be carried out with
efficiency, e.g., 10 to 50 um thick.

The masking member 15 should not be understood as being limitative.
Alternatively an adhesive tape can be used as a masking member 15.




25 frame F as a whole unit via the adhesive tape T is held on the hol der
table 11 wth the front face up. While rotating the hol der table ? ﬂﬂ?ﬁﬁ
hi gh speed, a drop of resist polynmer 14 falls on the front face o

sem conductor wafer on which an electfic circuit pattern is formed. Thus,
the front face of the sem conductor 30"wafer Wis coated with the resist
pol ymer (masking step). The masking nenber 15 is thin enough to allow the

subsequent stgp.,to b rried qut with effici nc to 50 pm t hi ck.
The. maski ng. rAntis SeBhe Bavk reaying ritebed s Aosfings; ehither rasking

Al ter nghbyiher 28 WHIEESHY Dri BRE cPESsWReUSRERS oft tE FemitorRItasr Wafet W§ JUL
2085 6 At the sel ective mask-rempving step, the portions of the masking

menber are kgmonedifeormrthenmasking unembar Kat s of the seni conductor waf er W
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a

menber WBIGH i§ combined with afage £ asa whoig gnitwa anadhesive tapear ands 20.
The se and
covere?qﬁé}%ﬁgﬁ fr;ﬁﬁ'@gélcév ﬁgﬁpgoﬁtd%ﬁ@%%y oneﬁrom%%zegjg?eltcttags%t% a
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menber fiefe@®n. detecting a sel ected street After the required alignnent |s
fini shed, the_chuck table 25 is nov
Then, the chuck table 25 lS moved in the +X-direction, and the

15 semiconductor wafer W is put below an alignment means 26, which detects a
selected street. A projector 28 of a laser beam radiating means 27 is put in
alignment with the so detected street in respect of the Y-axial direction. If a
semi-transparent masking member 15 is applied on the front face of the
semiconductor wafer, infrared rays are used to pass through the masking

20 member 15 for detecting a selected street.

After the required alignment is fi mshed the chuck table 25 is moved
further in the +X-direction, allowing the laser beam to irradiate the portions of
the masking member 15 aligned 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-sireet 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



further in the +X-direction, allowing the |aser beamto irradiate the
portions of the masking rrenber 15 aligned with the detected street. Thus,
the overlying linear strip is renoved fromthe nmaski ng nenber 15. 'iQSJUE\MEy
time the |aser beamradiating neans 27 is driven the street-to-street

di stance in the Y-axial direction, thed chuck table 25 is reciprocated in
the X-axial direction, thereby renovi ng each and every linear section of

t he maski ng nenber Iy| ng on the, X-ax streets. Then, the chuck able 25 is
r ot at e@rgof%'gﬁrﬁé in Hhe tor%‘\'leéﬁ@rnaie{i&'t -§XPeBURR JENMiAsking PFRCRSS cdRduct or

wafer iudilien>af Wiy 28c8RBRIICHP] ARMage TMHFovitisn CRIoSME° Bokting Of

t he masking me | yIng on the CrossaPse PSiYeets emoved, asS seen
from FlrgaSErremi‘b\ﬂngl stepaggingetbei lagest bpam, Tk carl dae | carrieds loutembvang st ep

amovi iRciR SaTRTeN. vepmpate T thBooBRerofAE  BRbeRpralr ™

l'i gt - ﬁﬁkﬁﬁ f@@é@ g process. In addition to the econom cal advant age
provi d y thngQ ectgf]ve mask-renovi ng step using the | aser beam it can

be carried oMhen dhe satecéagednaskfremwpg stepaisecampletete otodlletheonal

s comanipriiel WAl il AR cptalhad dn" 1hB batBeln 21 naRY M.
casset t@s?abtt@m ﬁ@mmméﬁ et021he %Mmm%m%%édtbm heAl §p)-efiiRgng

section. A dry-etchin apparatus 30 as shown in Is used in carrying
out theanm@rratuaﬁtbta@ whniio kiggd. isresed ﬂnﬁ@rmnm@umha reemigaketehing

-appar at 30 conprises: a wafer takl ng-in and -out neans 31 for taking out
selecti epy unmasked sem conductor wafers Wfromthe cassette 21 and for

putting chemniReféryingete Fid.4)ethe drivMstohinoe appesatus 3D1comprides: aakafer-in
and -out  chanber 3 15 or recei V:H;g sem, canduct 0£ wafers Wfromth \gafer
t aki ng- FEKIRGHN - AN s Mgandq fQk ofalHRg; heu YorUniBeeKedi n t he

T it
etched wafers Win the cassette 21; a wafer taklng in and -out chamber 32
15 for receiving semiconductor wafers W from the wafer taking-in and -out
means 31 and for storing the semiconductor wafers in the chamber32; a
dry-etching treatment chamber 33; and a gas supply 34 for feeding the
dry-etching treatment chamber 33 with etching gas.
The wafer taking-in and -out means 31 takes out selectively-
20 unmasked semiconductor wafers W one by one from the cassetie 21. Then,
a first gate 35 of the wafer taking-in and ~out chamber 32 is opened, allowing
the semiconductor wafer W to be laid on a holder 36 in the chamber 32 as
shown in Fig.5.
As seen from Fig.5, the wafer taking-in and -out chamber 32 is
25 isolated from the dry-etching treatment chamber 33 by a second gate 37.
The holder 36 is responsive to the opening of the second gate 37 for moving
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



The wafer taking-in and -out neans 31 takes out selectively- 20 unmasked
sem conductor wafers Wone by one fromthe cassette 21. Then, a flq g ﬂﬁ%e
35 of the wafer taking-in and -out chanber 32 is opened, allomnng dl

sem conductor wafer Wto be laid on a _holder 36 in the chanber 32 as shown
in Fig.5. As seen fromFig.5, the waf & taking-in and -out chanber 32 is 25
I solated fromthe dry-etching treatnent chanber 33 by a second gate 37. The

from t PurR4% Tobdirectng Jha Sising s drommthe ToRR 4f Hocttish dry-eBiAg o
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punp 42 for dlrectlngkt e etching gas fromthe tank 41 to the dr}/ et chi ng
C

treat meichinear@rs Suckedchbyl the suekanapsimra4boandipiory diginieg| ihg sater to
the non Pl Bicting ady B Bl A0 o Y e g as 11 om the
5 dry- et chi nGVheaatinpetciingnthe s@Rctvely airfmbsked4sermicomdudtoal waferdW, he
hout ra|tfm9§lersgg%?$§§ Qfa@dem%érgﬁkﬁﬁé%%ﬁﬁ ey 3 sprepedcandibey i vel y
skeg P{rmmgﬁoral’f@feb gaﬁﬁ '3?0 il |%s35a°fséI€%té(@f glm’hsﬁkéa in

-out c IS O ene er taking- out neans 31
car ri essemiconducior wafes dnibmdtmﬂdmt indicatiect by\the arrmrvdn lFegt5 tonpubiti cat ed

front 18R4T poeere ToiBeftfiambgr 32 WiB FCHERE e 1. oyl B8 histathoer
32. Theps i foSsSf fdvaehats the ehapsped3po al l ow the hol der 36 to nove 15
into the dry-etching treatnent chanmber 33. Thus, the sem conductor wafer

Then, the second gate 37 is opened to allow the holder 36 to move

15 into the dry-etching treatment chamber 33. Thus, the semiconductor wafer
W is put in the chamber 33, in which it is dry-etched by feeding the chamber
33 with an etching gas such as a thin fluoric gas by using the pump 42, and
by applying the high-frequency voltage to the high-frequency electrodes 39
from the high-frequency power supply-and-tuner 38, 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



Wis put in the chanber 33, in which it is dry-etched by feeding the chanber
33 with an etching gas such as a thin fluoric gas by using the punp_ 42, and
by appl yi ng the high-frequency voltage to the high-frequency el ect rblieldL 385
fromthe high-frequency power supply-agnd-tuner 38, thereby generating a 20
pl asma over the sem conductor wafer or dry etching. At the sane tine,
cooling water is supplied fromthe coolant circulator 43 to the cooling
means _40. &hg?ﬁnnasked portion of the sem conductor wafer Wis dry-etched,
so th&fSPREC4 bsswi se streets may erode to divide the sem conductor wafer

into 25 theaghihesseffic6R8lcidromafes dfe elastcad delselived abene,; afid al
etchln%hthe used etchlggm:as I's drawn fromthe dry-etchlnzg11 treat nent

chambefhaadipgd iseraiconductpunpatess are put iie thaitgassettrl Zh t Hchen,i ther 46

Lo 0, J58hGA Binkdo ot RS Bt ord U BB IREBRE S B HER 2L,
cargy qjyeugthg-gﬁ opfiate eolmitor wafer Winto the wafer taking-in and

-out chanber _32. Then, the second gate 37 is_closed. Wen khe dry-et ched
seni conduct o NEsemiopndugtsrehipgile ancfregref@py defecis\suehras cHagks 95 i s
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as cracks or I nner stresses, qﬁ!h woul d be cdused if the sem conduct or
waf er s wefars. diced with a rotary cutter. Such defects are nost likely to be
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the laminations, the laser beam scanning the semiconductor wafer for
15 selective unmasking does not apply any force to the interlayer insulating films,
comparing a case of dicing with use of a rotary blade. Therefore, there is no
fear of insulating films being peeled off like a mica plate.
As is well known, the time involved for dry etching increases with the
thickness of the semiconductor wafer to be treated. Advantageously the
20 time involved for dry-etching semiconductor wafers having a thickness of
50 ym or less, however, is short enough 1o assure that semiconductor wafers
be diced quickly.
In case that semiconductor wafers have crosswise streets S covered
with a material which cannof be removed by dry etching, the laser beam 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.



structure with a plurality of very thin interlayer insulating filns
interleaved with the lam nations, the |aser beam scanning the seﬂ.ﬁm;@gor
waf er for 15 sel ective unmaski ng does not apply any force to the in r
insulating films, conparing a case of _dicing with use of a rotary bl ade.
Therefore, there is no fear of insul api ng filnms being peeled off |like a
mca plate. As is well known, the tine involved for dry etching increases

i th the thick fth | conduct or wafer to bgt d. Ad |
the 20 ti moAtYopy BLASKIRGARIER: nHESEER CORMIRSGr | Salt, orMad ngnathe
thi cknggnigbneld WafePSin, tHOVEHAR way BROHEsenpedn abBvasanteshBiin in

sem conductor wafers be diced quickly.” I'n case that sem conductor wafers
have clfidg@si se streets S covered with a material which cannot be renoved by

layer to 1 ontanos o8 dnasharenaRig. st cultiRl ShaGhe. 58 of Fief81E" "
crogswisad th apbke §Reoweay 15 i thengoitien of etiieC anagkihgr merhbes 1% (Bgedi ced
by dry etching. Figs 9 show anot her exanpl e of practicing_the present
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 hvent iFig. 7 BEpubioh ke RligpmentaviRdhe WndeHy MO-CrIssivISe REeme St or waf or W

Lo conduct of WEREPURTY Riecifie. 56, ¢ P3AEG: of e SRAERYRICS: RiER IV
el oct i gb Tmake SRy, D0 8t B ke T e ang F1 8. 7D.Choys & n6 ot g of the
seni corlder branmeeveteq iae THatdiace Withdng masking Teempers| piaresiogeding jul
- 2005, ]tﬁep%aéé'@[twlgi ng step a masking nenber 15 is fornmed on the

sem conduct or wa

er in the same way as described above and shown in Fig.2.
At the sel ectThe semsiconcustomyaferly combinedwyitieaframesh as arvhoke usit 5

d k 154 h ' f th ' nb 1
L a5, ko BB, R 8RR BB
this cughéng aiehiativedepdsivby 5Bir§yaon‘rahbgoﬁtﬁ§q PREENS 152 andf paAsporteach of
which is conbined with a frane F as a whole unit via an adhesive tape T and

cover edby ietransfer maans\bdrwhile brisgi supkashingrete tera chuskdabile 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 sireet is detected. A rotary blade 58 of a cutting means 57 is putin
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 defecting 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 cuiting 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



1 o the cassette 51. The sem conductor wafer Wconbined with a frane F as a
whol e unit and covered the front face with-the nmasking nmenber 15 is

transported one by one to a tentative depository 53 by a transportf dyl dans
52 and transported by a transfer neaq% 54 whil e being sucked thereto to a
chuck table 55 to be 15 held thereon.''Then, the chuck table 55 is noved in
the +X-direction, and the sem conductor wafers Wis put bel ow an al i gnnent

Sﬁ???néé‘qmté"é%&be e the Calingiheans 5t tid e Sondubieiad 588 of thBespect
of the chydki @bld! 5scttb0ruetébt 2fhe h@uﬁaﬁtlﬂewwbmer%emeen when the

sem -transparent, infrared rays are used to pasS through the masking nenber

15 for descending retai bladei58tis gatt. mmrﬁact wﬂhrtbl@@cmduatw@mm%asand

the rordiey dfiedSHohdt fhe Bukiig hiens 81 Is Bretratal i RrhERiReony on ™

t he gdetipet Bdayial digbetibhl € the rotary bl ade 25 58 descends and rotates at a
hi gh speed. The rotary blade 58 is precisely contralled in respect of the

cut depth in hawmm.&@mrtt@cmm@tweawsg SbReis soplanar with kthess 15b

o conipREE sUMERbA I huliORite B 4T thaTedRiBbeyr i SeffichAfuctor,
Y e ater W.VP '.sgﬁﬂcgfdvﬁghtc”ﬁ Fhuek emuéﬁogg without ey ga therebskeen.
cutti ngﬁ‘ﬁeﬁwrgveﬁa AnQ SeriayoBa bR 5o be sxasty el by Tharitary biade
[ afgess80y pRibisaf!idav!thé lexdttcorstant éhélﬂmﬁé@ﬁkhé%sa@@fb%g@e@ 55a

fixed to s*clrcunference. A conduction etector
connect thatbthewdaxiake pmsutlmrmgofrréhasdescendn@éotaﬂydbdadaess| isg cBhdralled he

oK . PiavEo BeliBRndd Boblig e [loving thercbetueen when the e
and then, t hEveﬁf lt:ht@mhefcutﬁﬁg Qﬁébn@%mﬂﬂvéﬁ the streét-bs-straetidisrim
position in 5t Z-axi al direction. upper surface of the conductive
ring 55 .tbecb’pmahrdlwqtmn hihe chuck table 5p§ 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 sfreets.
After all the grooves 15a 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 15a, 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.



upper surface of the chuck table 55, and the rear face of the sem conductor
wafer Wis sucked on the chuck table 55 wi thout any gap therebetween.
Therefore, each and every groove 15a can be exactly cut by the rot%gﬂubﬂ@@e
10 58 to precisely |l eave the exact constant renaining thickness 15b,
provided that the Z-axial position oi t he descending rotary blade 58 is
controlled relative to the reference position. Every tinme the cutting neans
57 is driven the street-to-street distance in the Y -axial direction, the

chuck table S L-pr | | | i t: ki ng
o o cove 15aNety M SrESARERTEF pbBal A 30 st o ML ERG 40 PR L™

t hi cknelrg-tbh thii criosswise streetsds rofsthensemicomeuctortwaferd\peegaratingeit s.
After all the, grooves %%@ are nmade in the X-axial direction, the chuck

tabl e #0 &€ %‘8‘60@(5 B$ég§is 559“%61 ﬁ@- ooves 15a are made in the 20
maski ng nmenb 2\ o] i | Ngyeo drhl ﬁgﬁ' samne
way as descr %etb%a%?\#ﬁqiﬁaéﬁsteﬁeggﬁrtg{%‘vn\;@;@bort [ (gfrl;g %Fﬁm tmas ”ﬂ%ﬁf I’iﬁenber
15 Byi ugedh ashéherchemical etchings 3NVet-atbbing: tteaimient, chowsver, Wayrke

renoved to,l eave the—_constant, thickness 1 (sel i ve mask-renovjn step).
25 Nex el FiBeh " oEG SXADPIS o SELUCR BRI SHAETE o o Doy SPAREY 182" o
t he rermjdﬂngbm C&) Qact-afhing tid2nfeite way as described with reference to
Fig.3 to conpletely renpve the remaining thickness 15b as seen from Fig. 7C

(sel ective mask-renoving step). Mking grooves 15a to precisely |eave the
exact t t igbﬂg f masking material 15b permts the crossw se
portiolgﬁgggﬂﬁgﬁna ingﬁﬁéﬁggi?Y15 to be conpletely renoved by the |aser
beam wi t hout Adgs besTitéd aboveshtheimethod \ofr dicity tdemivomtudtor spgfetsof the

| aser beam anpd its, operating voltage even if the nmasking nenber 15 is not
conpl et%CF%nglrég terthespresenfunyendien eprIpsigasathe step éi Uqaslﬂogsthqgrq@xt :

e or B "oRngcicndlont Samr & ibeh % Lyl DAt 18 forft ) <
sen con@movingelthes cysswisshqertiomsFiof. . 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.



In the above-descri bed enbodi nents, the dry-etching treatnent is 5 used as
the chem cal etching. Wet-etching treatnent, however, may be equally used.
For exanpl e, sem conductor wafers nmay be soaked in a fluoride bat@; g@D%
wet -etching treatnent. | NDUSTRI AL APPLI CABI LI TY 10 As is describe 'aB é,
the nethod of dicing sem conductor wafers according to the present

i nvention conprises the step of: naskifdg the front face of each

sem conductor wafer on which a circuit pattern is fornmed; renoving the
crosswi se portions of the masking neggg:dﬁﬁ%ch are in alignnment with the
under|lying crosswi se streets of the il uctor wafer, 15 with use of a

| aser beam and chem cal -etching the exposed crosswi se streets to divide

t he sem conductor wafer into separate chips. The sem conductor chips thus
provi ded art freb méthoddfokdicingha semicondyictomwaleshavilg regiorendefined by
Particul arl Lf. multi-

, | ayered sem cpnduct o ers with interlayer.
sl ati ng FopeR ests S SERaRte BbE. prch e Relbisbelh A titses no
20 destr uct pseerh36fRed thetBirRBhpRRIHP the interlayer insulating films, and
therefore, there is no fear of interlayer insulating films being peeled off

as in a mca plaw@enaskipg step 200msking toeAenmcondudtonwafeydvithoa niasxing a

sem conduct or _wafer havi regi,ons def ,.ned b Cf OSSW sg streets i nto
separate cHBEbaderoater e e e Falith Ge Pearif Waferia S It
therein, cofRiuitgat@rnsar@fdfied; step of masking the sem conductor wafer with
a masking nenber to cover the front face of the sem conductor wafer on

whi ch the circui®@ palactiveasmaskremoning, steps aff eistacdiatinga sk Jasarobean 2 ep of

ki ng. mortsar L RORRTL ' SradFies hinfGht SroR: ek R Mol At o
streets of &hetiyeidigpedduith Ahe wrRieBlyingadidsawiBestradts ftipbi sWmibRuEtbr
chem cally etching the sem conductor =~ wafer having the crossw se streets

unmasked, viafeEhdnd he crosswi se
a chemical etching step of chemically etching the semiconductor

wafer having the crosswise streets unmasked, whereby the crosswise
streets are permitted to erode so that the semiconductor wafer is divided into
chips,

wherein the selective mask-removing step includes 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
crosswise grooves; and irradiating the laser beam to bottoms of the
crosswise grooves to remove the remaining thickness of the masking

member.

2. A method for dicing a semiconductor wafer into separate chips
according fo 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.

3. 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



Streets are permtted to erode so that the sem conductor wafer is divided
into. chips, wherein the selective mask-renoving step includes the séﬂeﬂs ﬁﬂ§
prior* to crosswi se renoval of the nmasking nmenber with the |aser bebindUL 1
maki ng grooves along the underlying crosswi se streets in the masking nenber
to leave a constant thickness of maskildg menber renmining under the
Crosswi se grooves; and irradiating the | aser beamto bottons of the

Crossw se grooves to renmpve the remaining thjickness of the maski ng menber .
2. A net hodbéadn igiiopdipted dethe anves daverdar selachve reapyahin thevsgiectivg cor di ng
to claiml, T ej i F@H{jp h |u LY

circuit-pat ngﬁégh\%ghﬁ?g I dn@gan Fg%%r %"ra ﬁﬁgg‘f@ﬁ %géﬁsl Pr@&b(tﬁ ﬁhe-

i nt er | eavedchevhichl e@bingostepr on its substrate. 3. A nethod for dicing a
sem conductor wafer into separate chips according to claiml, whereinif a
cover |ayer which cannot be renoved by the chemcal etching is forned on
the crossw ge StAeﬁet &Htt%rr”gic a %%ﬁ{i?éno%c #Lw’a(??ﬁ int%%@ﬁ&r‘&tdﬁscﬁi gadi at ed
to the cover layer tor Selective renoval 1 n the selective  nmask-renovi ng

st ep, ther ebgcordipgstonglainie, wiverein the chiemiehk efohimy irt the bRemidat mitatdhg et chi ng
step. 4. A method for dicipng a sem conductor wafer into separate chips
accor di ng t ePI& AR &t hWQeWEﬁHS?mgacf de82%t ching in the chemical etching
step is dry etching with use of a fluoride gas. 5. A nethod for dicing a
sem conductor wafer into separate chips according to claim1, wherein the
semn conduct Br wafAemedtbodefodi diethghas semitcdriduchers svadér Htomsepalats schips

according to claim 1, wherein the semiconductor wafer to be diced has a

thickness of 50 pm or less.



