10

15

20

25

WD 2004/ 066382 PCT/ JP2004/ 000556 DESCRI PTI ON *159159*
METHOD OF MANUFACTURI NG SEM CONDUCTOR DEVI CE AND

WO I4/0d6888PPARATUS FOR CUTTI NG SEM CONDUCTOR WAREIRIF2004/000556

Technical Field The present invention relates to a
met hod of manufacturing a sem conductor device for
obtai ning the sem conductor device by dividing

sem conductor wafer, on 10 which a plurality ofJ@MN"MMMl
sem conduct or el enents ABSCRIATEEON into indivi

pi eces of sem conductor elenments. The present *159159*
invention also relates to a cutting device of cutting

t he sem conductor wafer used in the manufacturing

met hadE THGD BaE KGANUFACTURING SEEMIOONDUCDORIBEVIEE AND
nmounted on a board of electronic equipnent is
conveuTane |APEFRBMNITAS tROFE CUTT ING [SEMI CONDURI TOR HAFER
pins of a lead frane and netal lic bunps are 20

connected to sem conductor elenents, on which a

circuit patternis forned in the state of a wafer
wrhdie 1 sgmEepnductor el ements are subjected to a
packagi ng process in which they are sealed with

resi mhSigiesdifte Sivehidfon AT UDRIE d@s

been recently reduced, the size of 25 the

el fERANGRy  devdpiediatudeh dlvitdetdeai®hiding the

semiconductor device by dividing a semiconductor wafer, on

i

which a plurality of semiconductor elements are formed,
into individual pileces of semiconductor elements. The
present invention also relates to a cutting device of
cutting the semiconductor wafer used in the manufacturing

method.

Background Art

A semiconductor device mounted on a board of
electronic equipment is conventionally manufactured in such
a manner that pins of a lead frame and metallic bumps are
connected to semiconductor elements, on which a circuit
pattern is formed in the state of a wafer, and the
semiconductor elements are subjected to a packaging process
in which they are sealed with resin. Since the size of
electronic equipment has been recently reduced, the size of

the semiconductor device has been also decreased.
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*@00002* WO 2004/ 066382 PCT/ JP2004/ 000556 Especi al |y,
t hey have been actively making investigation into the

wioedogdessya of the thickness of a sem conduct or PCT/JP2004/000556

el enent. The mechanical strength of the sem conductor

el enment, 5 the thickness of which is reduced, is so

| ow that the sem conductor elenent is |iable to break
in the process of cutting conducted in the dicing
Esbepiallyhi cheyhhaveebeeanduttioelyl making dnvies tiiyattd on
of a wafer is cut into individual pieces, and the

ivitel dhef redubkitdiong oifs theethtakhyst0 olfowersethi conductor
Concerning the nmethod of cutting the sem conductor
edlemapit,, the thickness of which is reduced, instead

of the mechanical cutting nmethod, a plasma dicing

met hqthel Rephapdsad istrahigth blfe themsemidotiduchwf &l anent,
cut when cutting grooves are fornmed by the etching

thet itel ckheds plfasti chCdreeedurgd, hils et lot, Hhert the
exanpl e, refer to Patent Docunent 1. [Patent Docunent

skhitapritese rPellemedt dz IRa8120@2- BFEak Howery prdtess of
the process of plasna dicing of the prior 20 art
digsdhigoednabeted tike thel ddWing prell dms wirielcaised due

to the want of uniformty of the plasma etching

satiicomduciiort kementese wheblstsr ehavfe anotaferen sauwednto
yet. In the process of plasma etching, masking is

imdEwicslly pderdisct ethd Shd Rdle Idegifomaotdedpig fiey drweritably
cutting lines can be covered 25 with a resist |ayer.:
THwne reein c aatherireringaftdle aetidiccvf cutting the
semiconductor element, the thickness of which is reduced,
instead of the mechanical cutting method, a plasma dicing
method is proposed in which the semiconductor wafer is cut
when cutting grooves are formed by the etching action of
plasma. Concerning this method, for example, refer to
Patent Document 1.

[Patent Document 1]

Japanese Publication JP-A-2002-93752

However, in the process of plasma dicing of the prior
art described above, the following problems are caused due
to the want of uniformity of the plasma etching action.
Further, these problems have not been solved yet. 1In the
process of plasma etching, masking is previously conducted

so that regions except for the cutting lines can be covered

with a resist layer. The semiconductor wafer on which
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2 WD 2004/ 066382 PCT/ JP2004/ 000556 maski ng has been
conducted i s accommodated in the processing chanber

wof2004M6582asna processi ng devi ce, and only thegrpR39500556
of the cutting lines are exposed to plasna in the
processi ng chanber so that silicon in the regions 5
can be renoved by neans of etching. In this
connection, an etching rate showi ng the degree of
met&ingg hasnteenhe dobygupltasnisi acorommodadésdain he
uniform Therefore, the etching rate distribution
pirouetssdnegs chanbee ofr dhes pilagmahanrberssAngodaivigley, ainat
the process of plasnma 10 dicing conducted in the
opdlgc ¢he mgglbarbert, thel icodating flhaesparkei exposkd e plasma
cutting lines, which are |located in a range of a high
iet ¢hien@rogessing mhambgu bl yhaémevdd cohanin shie ceyions
the other portions. Therefore, cutting is nore
cqni bld yemomeldelogd meana sifort-chdnigod of time in these
15 portions. The cutting lines in these portions of
t he HMnghhiet conngatdion, anhe etwhdessiratley styopdned the degree
plasma until silicon in the portions of the cutting
dfi rexHiogaicethduttedepiyoRd aginat He how eleclissgrridtye uns form.,
renoved. Accordingly, 20 when silicon is conpletely
Thesrefed o, r dinet ek aheigigonatef dilsderibiogh oet diliveguedies in the
the protective sheet on the |ower face side of the
predesaitec iohramidrer  Beodirddeigly , exXpodded troqasassmef plasma
When the plasma processing continues in the above 25
dHicaflrgy desatucgrireriat ethebprolcasysd ndi iodeidbergctssi ldredrhen the

portions of the cutting lines, which are located in a range
of a high etching rate, is more quickly removed than
silicon in the other portions. Therefore, cutting is more
quickly completed in a short period of time in these
portions.

The cutting lines in these portions of the high
etching rate, are successively exposed to plasma until
silicon in the portions of the cutting lines located in
regions of the low etching rate is removed. Accordingly,
when silicon is completely removed from the regions of the
high etching rate, the protective sheet on the lower face
side of the semiconductor wafer is directly exposed to
plasma.

When the plasma processing continues in the above

state, heat generated by plasma directly acts on the
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3 WD 2004/ 066382 PCT/ JP2004/ 000556 protective sheet.
As a result, there is a possibility that the
WOr00466382e sheet i s overheated, burned and defROTHEPA004/000556
According to the conventional plasma dicing nethod, it
is inpossible to effectively prevent the protective
sheet from5 being damaged by heat caused by the want
of uniformty of the etching action of plasna.
phiotelchd inee sbfeeltnvedtsi @an rEseddh otdberiet liss aampostsidditl idgfy that
the present invention to 10 provide a nethod of
timen pirategtivg sheet dendyetteated, cburnashkingl afeformed.
preventing a protective sheet from bei ng damaged by
Aoegirdingn tioh &hee morordciooe Inwg@flesmas digtingy metienh it is
etching. It is also an object of the present invention
ipospridlieddca edifiedtiyeday iprevehtc dite pyatieestive sheet from
sem conductor 15 wafer. According to the invention, it
bied ngr chaimagrekda biye thtead: @fausresn ifya dcher iwagta ofe rciofmucittr of
device for obtaining the sem conductor device divided
thet @tiohding curdlign edeplafsmaseni conduct or el enents by
cutting a sem conductor wafer, 20 the primry
conmponent of which is silicon, on the first face of
which the plurality of sem conductor elenents are
Higaiegursy afedinsrenftiglasma di ci ng, the net hod of
manuf acturi ng the sem conduct or device conprising: a
st ep Thefrefformd,ng tari setaghiohg esttop ] ey presdret finwntion to
face side at 25 positions corresponding to cutting
driovdslema aretdresd sef manuwfacturing a semiconductor device

capable of preventing a protective sheet from being damaged
by heat when the semiconductor wafer is cut by plasma
etching. It is also an object of the present invention to
provide a cutting device of cutting the semiconductor
wafer.

According to the invention, it is provided a method of
manufacturing a semiconductor device for obtaining the
semiconductor device divided into individual pieces of
semiconductor elements by cutting a semiconductor wafer,
the primary component of which is silicon, on the first
face of which the plurality of semiconductor elements are
formed, by means of plasma dicing, the method of
manufacturing the semiconductor device comprising: a step
of forming an etching stop layer on the first face side at

positions corresponding to cutting lines which are set by
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WO 2004/ 066382 PCT/ JP2004/ 000556 di vi di ng the
sem conduct or wafer into the individual pieces, the

Wetbd/0vg3sat op | ayer containing material, the eQIiPaE4/000556

rate of the material by plasma, in which a first

pl asma generating gas of m xed gas containing fluorine
gas 5 is used, being lower than an etching rate of
etching silicon by plasma in which the first plasm
dgenieriatg fipegaeniicondsetora wetfer dihtat tthehiimgliaridual
protective sheet, which is capable of being peeled
pdfdfcesgntidiet ledchiimst sftape layed contegdngasiatfearial, the
determining the cutting lines on a 10 second face
ediasig eate tofe ther statfeadel dyf iplstsmal,asima whdich reg first
step of etching silicon fromthe second face side by

il ezsren. genetrtae g stasplods e xpeh eyast icogp igasiimgndf lalorine gas
second plasna dicing step of etching the etching stop
ilsayered Wiiedmg ilowspdheth ian tdtecHiings tragieasnh atiahingy

step, by a second 15 plasma generating gas capabl e of
seitlchdorg et pd dsnghem witicth rthe dlirgtthal adwea edeierating gas
rate of the first plasnma generating gas. The

dswerdd ore desqr idfedtiteadiaigna? grrabedadeisren steddind whofch is
manuf acturi ng a sem conductor device according to

cdrebe 2 heimeredalaed rafif,0 cftd Htheetftihisiy fate aid
etching silicon by plasma, in which the first plasm
Tyemveireg iangragds fior deseeknimindechsdt chitigingatkeinnds on a
etching the etching stop |ayer by plasma, in which
dduorid riEcylappus idenaratiing Hast sfaaessed firsotphasma
than 0.6. 5

dicing step of etching silicon from the second face side by

plasma of the first plasma generating gas; and a second
plasma dicing step of etching the etching stop layer, which
is exposed in the first plasma dicing step, by a second
plasma generating gas capable of etching at a higher
etching rate than the etching rate of the first plasma
generating gas.

The invention described in claim 2 provides a method
of manufacturing a semiconductor device according to claim
1, wherein a ratio of the etching rate of etching silicon
by plasma, in which the first plasma generating gas is
used, to the etching rate of etching the etching stop layer
by plasma, in which the first plasma generating gas is

used, is not more than 0.6.
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WD 2004/ 066382 PCT/ JP2004/ 000556 The i nvention
described in claim3 provides a nethod of

WIOR2004/@86382r i Nng a sem conduct or devi ce accor di n@PATaP2004/000556
claim 1, wherein the etching stop |ayer contains at
| east Si 02r and the second plasma generating gas

contains fluorine gas 5 having hydrogen bondi ng or
alternatively contains m xed gas containing fluorine

gas. THee inwegritiam descrilbed in dlaiim 4 ppoevildgsaa method
met hod of manufacturing a sem conductor device

oFfc i frege thuor dad cai an s&ni edededc ot héesikcendcpbadimg to claim
generating gas contains mxed 10 gas containing CHF3

1or Wifekdih tThe etncbnhgorstoesctayed contbanms Btprimasiessio,,
a method of manufacturing a sem conductor device

aack diltk nEpdand | plasnd, geherat ing hgast cbntgisisof luaydme gas
contains at least SiN, and the second plasnma
hgeriercathyady ogeesn itondined cgas l tExnedritva i mpratailreastixed gas
fluorine gas and oxygen. The invention described in
credabriny dlivtesiree etshod  of manufacturing a

sem conduct or device according to claim 5, wherein

t he eonthypémisiven gédascalbad das cdaiimai sproxddesgas method
contai ning SF6 and 02 20 The invention described in

off anayfariovrides a sembodndottomndbadter aegoading to claim
sem conduct or device according to claim 1, wherein

3 hewtdodimgthaysecondt plasmat gepagsbhtdngamias amatiteedms mixed
and the second plasma generating gas contains at

dendorPaiGiihg TRl 3806£066382 PCT/ JP2004/ 000556

The invention described in claim 5 provides a method
of manufacturing a semiconductor device according to claim
1, wherein the etching stop layer contains at least SiN,
and the second plasma generating gas 1is mixed gas
containing at least fluorine gas and oxygen.

The invention described in claim 6 provides a method
of manufacturing a semiconductor device according to claim
5, wherein the second plasma generating gas contains mixed
gas containing SFs and O,.

The invention described in claim 7 provides a method
of manufacturing a semiconductor device according to claim
1, wherein the etching layer contains at least organic
matter, and the second plasma generating gas contains at

least oxygen.
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The invention described in claima8 provides a nethod

of manufacturing a sem conductor device according to

WO ®anesds2 Wherein the etching stop | ayer cont &QTRIPa004/000556
| east an electric conductor used for the wiring of

sem conductor 5 elenents. The invention described in
claim9 provides a nethod of manufacturing a

sem conduct or device according to claim 8, wherein

t he dhectinverxbivluctescrdhedi ny atldienst prevatlesAla, method
Al -Si and Al -Si-Cu, and the second plasma generating

oD noparsn Taooitwat ivsg ad  Eemstondbotonedervichl acicoerdiopdndlaim
gas. The invention described in claim10 provides a

lout whageldeviloe eftchingi ngtep sériyeandochbainaf et usedst an
for the nmethod of manufacturing a sem conduct or

dadtod adesondbedorn wied mfot, Thepmixding afproamgissindnctor
chanber of forming a tightly 15 cl osed space; an

elleactirtde having a plane tightly comng into contact

with the protective sheet; a holding neans for

hol diThe tieverticonndesteoibedf én yldaiwe 2| pebvddesurdetethod
the condition that the protective sheet is tightly
cbnaod factwtrihg t Aesphdoendacporpdeyinearedording to claim
deconpressing the 20 processi ng chanber; a plasm
fendieteiry the slppktyisecthdoctor svphhynsg g dssast one of
generating gas into the processing chanber; and a

Al ghatrefjuency &lesi+Ce, pandr theppsycsedt pdasmf generating
I mpressing a high frequency vol tage upon the el ectrode

g5 ot insarst eleqd asetel qariooe st ich gasi nevicatpownd gas.
supplied 25 into the processing chanber, into a state

of plEserd,nveni @00 HB63E RCT /RGN O bides a cutting

device of cutting a semiconductor wafer used for the method
of manufacturing a semiconductor device described in claim
1, comprising: a processing chamber of forming a tightly
closed space; an electrode having a plane tightly coming
into contact with the protective sheet; a holding means for
holding the semiconductor wafer by the electrode under the
condition that the protective sheet is tightly contacted
with the plane; a pumping means for decompressing the
processing chamber; a plasma generating gas supply section
of supplying plasma generating gas into the processing
chamber; and a high frequency electric power supply section
of impressing a high frequency voltage upon the electrode
so as to transfer plasma processing gas, which 1s supplied

into the processing chamber, into a state of plasma,
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wherein the plasma generating gas supply section
i ncludes a gas selecting neans for selectively
wEaLopd/8a6882 t he first plasna generating gas userCT/IP2003M00556
first plasma dicing step or the second plasnma
generating gas for generating plasma 5 capabl e of
etching the etching stop |ayer, which is exposed by
the first plasma dicing step, at a higher etching rate
wWhegrelthdhet cHiasga atesegfa tpings i@ sofsuppe. f igestt jmrasimecludes a
generating gas. According to the present invention, an
gascheageetdpy Iednyeforonsaledihiverdy esivgpl imeyy the first
etching rate of which is |ower than that of etching
mlaaihic tgahdnatirg fgastupédsim thenélasitnplgamaordicing step
silicon, is fornmed at positions corresponding to the
autthegsecord pflaamse jamwhitingy gawf Eor amdteafatdmg helasma
first plasma dicing step in which 15 silicon is etched
aapdb i ashetothirie the stqiliasnes tapedenatn ngvlgiash  1heexposed
second plasma dicing step is executed in which the
ket ctiengf 5t ob papema whicdmohatdmmemexaobédhey dtuhing rate
first plasma dicing step, is etched with plasnma of the
Heoondhe astehdeger abiteg gds papabbe of etlkdi nfiiast a plasma
hi gher 20 etching rate than the etching rate of plasmm
anegrw ifig gfas pl asma generating gas. Due to the
foregoing, the occurrence of heat danage to a
pr ot dfstdorighipetocdihebeprpseventiasrentidont, hean etching stop
sem conductor wafer is cut by neans of plasm
etywdn ngonfsigig 2GEMIGOI82tRET/aR20i0df 028886 of which is

lower than that of etching conducted by the first plasma
generating gas on silicon, 1is formed at positions
corresponding to the cutting lines of a semiconductor
wafer, and after the first plasma dicing step in which
silicon is etched with plasma of the first plasma
generating gas, the second plasma dicing step is executed
in which the etching stop layer, which has been exposed by
the first plasma dicing step, is etched with plasma of the
second plasma generating gas capable of etching at a higher
etching rate than the etching rate of plasma of the first
plasma generating gas. Due to the foregoing, the
occurrence of heat damage to a protective sheet can be
prevented when the semiconductor wafer is cut by means of

plasma etching.
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Brief Description of Drawing Fig. | is a cross
sectional side view of a plasnma processing device of

wiodooglogesat 1 of the present invention. Fig. 2018IP2004/000556

partially cross sectional view of a |ower 5 el ectrode

of the plasma processing device of Enbodinent 1 of

the present invention. Fig. 3 is a perspective view of

a sem conductor wafer of Enbodinent 1 of the present
BriesDesrer ifitd.ond oifs Dratrio®s . sectional view of the
plasma 10 processing device of Enbodinent | of the
preseélly.i nverdis o8. crbisg. Setbiendl o dd agiemn IOWaNPlasma
a constitution of a control systemof the plasm
Proaeesiingg dienicee off Emboldddientntl b ofthehernasesantinvention.
invention. Fig. 6 is a schematic illustration for

expl &ig.n@ als 16 pevceskl pf chesvodeotionalf adeuwr iofg a8 lower
sem conduct or device of Enbodinment 1 of the present
dlecdntoden.o i ghe 7pllasaafl lppwodsarimgfdddic |l asmBmbodiment 1
processing nethod of Enbodinent 1 of the present

dihwdie ipareserty.in¥rergimnschematic illustration for
explaining a 20 step of plasnma dicing in the method

of natiuf.a@@ us ng paespeeticendiewobfdavisemieionductor wafer
Enbodi ment | of the present invention. Fig. 9is a
gfeExrectimentvilewHfthe padseoiddciventiamr of

Enbodi nent 2 of the present invention. 9 WO

2004/F366382 PEE JR20046880566ctignall view sshengtié C plasma
illustration for explaining a

processing device of Embodiment 1 of the present invention.

Fig. 5 is a block diagram showing a constitution of a
control system of the plasma processing device of
Embodiment 1 of the present invention.

Fig. 6 1is a schematic illustration for explaining a
process of method of manufacturing a semiconductor device
of Embodiment 1 of the present invention.

Fig. 7 is a flow chart of the plasma processing method
of Embodiment 1 of the present invention.

Fig. 8 1is a schematic illustration for explaining a
step of plasma dicing in the method of manufacturing the
semiconductor device of Embodiment 1 of the present
invention.

Fig. 9 is a perspective view of a semiconductor wafer

of Embodiment 2 of the present invention.
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step of plasma dicing in the nmethod of manufacturing
the sem conductor device of Enbodi nent 2 of the
WO 20086663821 nvention. 5 Fig. 11 is a schenmatic PCT/JP2004/000556
illustration for explaining a step of plasma dicing
in the nethod of manufacturing the sem conductor
devi ce of Enbodinent 2 of the present invention. Fig.
12 is a schematic illustration for explaining a 10
st ep Fifg .pl B® misdiacisghamattie etuwick of L omnibacexpiladning a
the sem conductor device of Enbodi nent 2 of the
siregsenf pilaemat idicingesin Mblde fmathcay ryf npatuffatharing the
Invention 15 EMBODIMENT 1 Fig. 1 is a cross sectiona
sardeonidawe taflr a ddwasem  @Ff ocEslsodimeryi ce obfENth@ mpresent
1 of the present invention, Fig. 2is a partially
iorvesstisecti onal view of a |ower electrode of the
pl asma processi ng device of Enbodinment 1 20 of the
presdhig. nventsor, ddlpmatic Bl pestspecionefvrewxplladning a
sem conduct or wafer of Enbodi nent 1 of the present
dteend £ oplaBing. diding tuoshesenrtthwil ofi ewnofachering the
pl asma  processi ng device of Enbodinment 1 of the
gEreientdugteent | @dewvicdi gof5 Embadbhent dRagiodm Umwi nresent
a constitution of a 25 control system of the plasm
iprveedsisimg devi ce of 10 WD 2004/ 066382
PCT/ JP2004/ 000556 Enbodi nent 1 of the present
i nverRign, 1Fi ¢s @ i sclemascihenil lesttdusdn atoen ekplaining a
expl ai ning a process of nethod
step of plasma dicing in the method of manufacturing the

semiconductor device of Embodiment 2 of the present

invention.

Best Mode for Carrying Out the Invention

EMBODIMENT 1

Fig. 1 is a cross sectional side view of a plasma
processing device of Embodiment 1 of the present invention,
Fig. 2 1is a partially cross sectional view of a lower
electrode of the plasma processing device of Embodiment 1
of the present invention, Fig. 3 is a perspective view of a
semiconductor wafer of Embodiment 1 of the present
invention, Fig. 4 is a cross sectional view of the plasma
processing device of Embodiment 1 of the present invention,
Fig. 5 1is a block diagram showing a constitution of a

control system of the ©plasma processing device of

10
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of manufacturing a sem conductor device of Enbodi nent

1 of the present invention, Fig. 7 is a flow chart of
woheoqdeassra 5 processi ng net hod of Enbodi nent Ipaxiypzova/000556
present invention, and Fig. 8 is a schematic

illustration for explaining a step of plasma dicing

in the nethod of manufacturing the sem conductor

devi ce of Enmbodinent | of the present invention. 10
Friboslimenef erlr i rf t e gprebeant 3 inveamtplasma Fig., 6 is a
processing device will be explained below This plasma
suheeessiongl devs teat somsEdri mxiplieimimef st proogspr efesmethod
of a sem conductor device obtained in such a nmanner
dfhataren f s ciongl v t semvabrducoor t Gevicecoift Enodimgnt 1 of
face (the first 15 face) of which a plurality of
Semiprersndt dmvadrdntent,s Rirge,. F dremed ,£licsv dihdded £ ntlee plasma
i ndi vi dual pieces of the sem conductor elenments so as
dro i sing mesfhod @il Ertdindent deoff hehd hhmdswsts iafvention,
which is reduced. This plasma processing device is
arspdrag.ascuisi rg slevémetbé daltsngadiod0 for explaining a
sem conductor wafer. In the manufacturing process of

dthdrs senptasakctdircimevinethei mesthafd abf, manpfeidtirive the
sheet is attached to the circuit formng face of the
sl ooy védetce OnofheEmbedtmsetf ate @positee present
side to the circuit formng face of 25 the
ismrarcmirghuct or wafer, a mask to determne cutting |ines
11 WD 2004/ 066382 PCT/ JP2004/ 000556 used for dividing
t he sEmsonnducé bexrwaher itot o FHimgi.vi dual topi 8ges tife t elasma
sem conductor elenents is fornmed. The step
processing device will be explained below. This plasma
processing device is used in the manufacturing process of a
semiconductor device obtained in such a manner that a
semiconductor wafer, on the circuit forming face (the first
face) of which a plurality of semiconductor elements are
formed, is divided into individual pieces' of the
semiconductor elements so as to obtain a semiconductor
device, the thickness of which is reduced. This plasma
processing device is used as a cutting device of cutting a
semiconductor wafer.

In the manufacturing process of this semiconductor
device, first of all, a protective sheet is attached to the
circuit forming face of the semlconductor wafer. On the

reverse face opposite side to the circuit forming face of

the semiconductor wafer, a mask to determine cutting lines

11
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of plasma dicing is conducted on the above
sem conductor wafer by the present plasma processing
wo0do®ms3®2 | n Fig. 1, a processing chanber 2 f @CT/IP2004/000556
conducting plasnma processing on the sem conduct or
wafer is provided inside the vacuum chanber 1. By
this processing chanber 2, it is possible to forma
tightly seal ed space for generating plasma in the
usteat efa@f dividibdgptées wenidonducdiidbd omefepodhiten individual
I nsi de the processing chanber 2, the |ower electrode
i dcesarafangee. skniaondppévrpelementel ishefdérmed. The step
el ectrode 3, the upper electrode 4 is arranged being
cdppekasing odiikényover ebrdtcbdé 3n Tites | abeveelsuiicdriuctor
3 and the upper electrode 4 are respectively forned
wafler dylEhey predentalp lasaee paod carsiaeg eldvitd.he
processi ng chanber 2 concentrically with each other.
The IIowefFigl.eclyode Prccamdmof chandecti ge fwi erdalducting
such as alum num The profile of the |lower electrode 3

plasnfeorpeocenssmghoa nemsesentigbntbetsuppmténgis provided
portion 3b is 20 extended downward fromthe

ichissildes Hdnme drastuemt robcenbear tli.0n Byd3ah i\4h @r ddes ssiitap atiantier 2,
portion 3b is held by the vacuum chanber 1 via the
iimsulsat ipws sl | ato 5, folwe | awekighkegt r g@aldd s space for
attached being electrically insulated. The upper
geneotartticey dolissmmadin otheostatel \of nddIced SHe8sase?25 In a
alum numin the sanme manner as that of the | ower

ledwert rpolet 1én WDn20a4/ 086382r&€d 53 PROOAMGDELG 3, The lower

support portion 4b is extended upward fromthe
diesitrsiteEped ied extrarpedor t Innadaupper portion of the lower
electrode 3, the upper electrode 4 ~is arranged being
opposed to the lower electrode 3. The lower electrode 3
and the upper electrode 4 are respectively formed into a
cylindrical shape and arranged in the processing chamber 2
concentrically with each other.

The lower electrode 3 is made of conductive material
such as aluminum. The profile of the lower electrode 3 is
formed in such a manner that the supporting portion 3b is
extended downward from the disk-shaped electrode portion
3a. When the supporting portion 3b is held by the vacuum
chamber 1 via the insulating material 5, the lower
electrode 3 is attached being electrically insulated. The

upper electrode 4 is made of conductive material such as

aluminum in the same manner as that of the lower electrode

12
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The support portion 4b is electrically continued to
t he vacuum chanber 1 and can be el evated by the
wel20a4/066882 5 el evati ng nechani sm not shown i n RGTEIP2004/000556
drawi ng. Under the condition that the upper el ectrode
4 is lowered, an electric discharge space for
generating a plasma electric discharge used for
pl asma processing is fornmed between the upper
3el ecthhedesuppowt t Poritdner 4 edisr ostet @ndddhe upiwatdr ofleom  the
10 el evating nmechani smfunctions as an el ectrode
ddissr-shepedc ledregitrgdee postivhedat.he upper el ectrode 4
is elevated by the electrode el evating nechani sm 24,
an elThet rageroist ppctiohetdkeenst kd daudrcadlact conkifued to
and the upper electrode 4 can be changed. 15 Next,
téep i chanber be ande cant be helstated ubg the tellectrode
| ower el ectrode 3 and the seni conductor wafer to be
edeyedsogd nevhampisn hate shbwnhelrel ther ddawdogt.i onUBder the
of the lower electrode 3 is a flat holding face
copidarrdpnon thati ctrhiehe upprircoedectaodeaf dr iis pltoweAed, an
insulating 20 coating layer 3f is provided in an outer
ededtptier aigmhaigm sphce hfolmolglineydtaiary dhplasma electric
i nsul ating coating layer 3f is made of ceram cs such
dis chlaingienaiseduefam plesmdhoveocsssimg ut e, fobmedubertween the
peri pheral portion of the |ower electrode 3 is
upper gledtinode @ aswa thendowesd eillectthredE3 3WO The electrode
2004/ 066382 PCT/ JP2004/ 000556 el ectric di scharge space
edigvadgnghamechendsmur fenctiohsanas ataror rdlecimade | distance
di scharge can be prevented.
changing means. When the upper electrode 4 is elevated by

the electrode elevating mechanism 24, an electrode distance
between the lower electrode 3 and the upper electrode 4 can
be changed.

Next, explanations will be made into the structure of
the lower electrode 3 and the semiconductor wafer to be
processed. An upper face of the electrode portion 3a of
the lower electrode 3 is a flat holding face (plane) on
which the semiconductor wafer is put. An insulating
coating layer 3f ié provided in an outer peripheral portion
of the holding face. The insulating coating layer 3f is
made of ceramics such as alumina. Due to the above
structure, the outer peripheral portion of the lower

electrode 3 is insulated from plasma generated in the
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Fig. 2 is a viewshowng a state in which the

sem conduct or wafer 6 before the start of plasm
WO 004M56382 5 put on the | ower el ectrode 3. ThePCT/IP2004/000556

protective sheet 30 is attached to the surface side

(on the lower face side in Fig. 2) of the

sem conductor wafer 6. Under the condition that the

sem conductor wafer 6 is put on the | ower electrode
elsctitic pibéeltsiye sheee 20,i sailgmt ythenpgsuggenge of an

with the holding face 3g of the upper face of the
aiEaidaodel eparidc ol Szhafide qaroteeipravemeed. 30 is a

resin sheet made of insulating resin such as .

pol ymi@f i re, ipol i nivdewor shpwlipgt hel eabater epht huhhel the

and formed into a filmof 100 pm thickness. Under the
sefnchidwntshavafse pr bedorevéhehedmris gD plasma adhelng 1s

to the sem conductor wafer 6, the protective sheet 30
plitinehi ¢he doweri€lertride bddy When prisdectdmie gRA% 030 18

wafer 6 is electrostatically attracted to the holding |
afBeehdg @b titee ebecfrode siale | 6on3g4heOnlower r §peeseslde 1n

face 2b (the second face) on the 20 opposite side .
F{Ehe2yupper thied@emi deingluckort ovatfiesr o + cUWnder ofhengondition
face, a mask for determining the cutting lines in the
tRaBCceBReOf sphasonddctong weseri béd hLat epuks PornEle lower
This mask is formed when patterning is conducted with
cleckesiist 3,i lthafpeotebeivevehsetf &0 is hhghthgdcastacted
described 25 |l ater. Due to the foregoing, a region
wexhephef anlthagl£at® 3604£08B882PPEY/ xax_z@oxp/fo@g%@lectrode
portion of the cutting line 31b, which is an object of
portion 3a. The protective sheet 30 is a resin sheet made

of insulating resin such as polyolefine, polyimide or
polyethylene terephthalate and formed into a film of 100 pm
thickness. Under the condition that the protective sheet
30 is attached to the semiconductor wafer 6, the protective
sheet 30 functions as a dielectric body when the
semiconductor wafer 6 is electrostatically attracted to the
holding face 3g of the electrode portion 3a.

On the reverse face 2b (the second face) on the
opposite side (the upper side in Fig. 2) to the circuit
forming face, a mask for determining the cutting lines in
the process of plasma dicing described later is formed.
This mask is formed when patterning is conducted with a
resist film after the reverse face is machined as described

later. Due to the foregoing, a region except for the
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pl asma etching, is covered with the resin film 3la.
The «cutting lines 31b to divide the resist film 3la
woarmod/aessad  at positions corresponding to the PCT/JP2004/000556
positions of the dicing 5 lines 44 showm in Fig. 3.
Then, referring to Fig. 3, the constitution of the
sem conductor wafer 6 will be explained bel ow. The
sem conductor wafer 6 is nmainly conposed of a wafer
pdaston | a¥ertrd emdeinty sidneodlbThedtbicth vésl agmr object of
conmposing 10 circuits of individual pieces of the
pE&am& 08duRLAg, elienerdverad ewhthatthed tesiiny foimedlant o The
a lattice-shape on the circuit formng face 6a (the
chifshgf BORds OB 1bheo sdwiidendhet aesimfterfifm |3la hhge formed
| atti ce-shaped arrangenent, an interval of the active
at ayeks teonsesRedsdonding cud t the poSinidns off pthendicing
dicing. On an upper face of each active layer 41, the
15h82 4hayeswd2iandighe3protective layer (the
passi vation layer) 43 are formed being put on each
ot herhefy eraTeidimEntor efid.ace, ofthteheconstikutionniafy the
face 6a. The protective layer 20 43 is conposed of a
sefiaph@uteyer waderof 6Si MillAl ber nagplelipedt hbelow. The
protective |layer 43 is conposed of an organic matter
skayeonaadeoef wedet nédes Tednlat téompohepedt ¢ cvager base
lines 44 shown on the upper face of the protective
1bgrer 443 nHdd def t belseoncondihet acuiaferlayensodl composing
i ndi vi dual 25 pieces of the sem conductor elenents
Geneseondi ngdieithell pivBer004/ 0B6&382miconductor elements
PCT/ JP2004/ 000556 active layers 41. Therefore, the
drat t heeanbagedbelngngformed into a lattice-shape on the

circuit forming face 6a (the first face) of the
semiconductor wafer 6. In this lattice-shaped arrangement,
an interval of the active layers corresponds to the cutting
width of plasma dicing.

Oon an upper face of each active layer 41, the Si0;
layer 42 and the protective layer (the passivation layer)
43 are formed being put on each other covering the entire
face of the circuit forming face 6a. The protective layer
43 is composed of a ceramic layer made of SiN.
Alternatively, the protective layer 43 is composed of an
organic matter layer made of polyimide. The lattice-shaped
dicing lines 44 shown on the upper face of the protective
layer 43 divide the semiconductor wafer 6 into individual

pieces of the semiconductor elements corresponding to the
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lines 44 are set at positions corresponding to the
positions to separate the active |ayers from each
wot20e4/066382 t hi s enbodi ment, the Si Q2 | ayer 42 aCi/iphan4/000556
5 protective |layer 43 have not only the origina
function but also the function of an etching stop
layer in plasma dicing to cut the sem conductor wafer
6 by neans of plasnma etching. As explained bel ow, the
agttghtengleveps| ddler hdBherefomet i dibeof Lptbieat shapete dicing
occurrence of problens caused by 10 the fluctuation of
kimeset M ngprat eset st atbupbentinnshe coprespesidintg to the
chanber 2. In the case of plasma dicing shown in this
Poddddiorentto gemsatecttdis regrtiisrec dradientse df ram tdeacte it .
face of the sem conductor wafer 6, so that the
sem donduthios wefleodBndit canthe diSiDdedlapénd 42 and the
i ndi vi dual pieces of the sem conductor elenents al
rotmwa veDUa ey t4%e hearet naft wrilfyorbhid ordfgiked fatedtigh but
rate distribution, etching does not necessarily
airid ditvel yymadileed ofh arhe taitiinge sftage ldfydmhen plasma dicing
sem conductor wafer 6 in the process of plasna
t@ ciowg. Ther ebemécodduetolni ngafkuct Gatleg ancaisli Nyt t plasma
the positions on the sem conductor wafer 6. In the
gtaigeonf Adietpbiiheddgoehde, thenedthéng etobi Agyefr has a
the waf er base | ayer 40 of the sem conductor 6 has
et icong fetrets varttiing dihge decumreressiofelprobliyrectetised by
to 25 the action of plasma until etching of the other
thengélustust on 204/ 66 3&% dPGTg) PRABd/ @idG5G bution in the

processing chamber 2.

In the case of plasma dicing shown in this embodiment,
plasma etching is conducted on the entire face of the
semiconductor wafer 6, so that the semiconductor wafer 6
can be divided into individual pieces of the semiconductor
elements all at once. Due to the want of uniformity of the
etching rate distribution, etching does not necessarily
uniformly proceed on the entire face of the semiconductor
wafer 6 in the process of plasma dicing. Therefore,
etching fluctuates according to the positions on the
semiconductor wafer 6.

In the range of a high etching rate, even after
etching of the wafer base layer 40 of the semiconductor 6
has been completed, this range is successively subjected to

the action of plasma until etching of the other range is
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conpleted in the same manner. Therefore, plasm acts

even on the protective sheet 30 attached to the

woabgasesiact or  wafer 6, which causes probl ens.PATAUP2004/000556
order to solve the problens, the etching stop |ayer
functions as a buffer 5 layer to absorb the progress

of the etching action. A layer (an etching stop |ayer)

for delaying the progress of plasma etching, which is

gtesd ion the i same bynwer ng Phasedogenepdbismg @ats even

IS interposed between the base |layer 40, which is the

omai thebpeotect ivet tshepti N300 aftasheddi ttd ngheanentitdnductor
protective sheet 30. Due to the existence of the

watfelr ng, stwiy dhayeausdanmpyebdamsed olnt herderottect §§Bve the
sheet 30 is suppressed to the mninum In this

revbpdeimsent theheetSiiChd apdopd 2l aywst chFdrsctoidrgd nalsl ya buffer
provi ded on the sem conductor wafer 6, and the

laryeire Ciol e slcajee rtIve3 prifyrase wledhas dHdhsimet elubigrst op
| ayer. As shown in Fig. 2, a plurality of attracting
hol e® 3éayefri claar eetiqteing o sttop hdkgery f face SglayEng the
provided in the |ower electrode 3, and these

retograstsi mf holesm8e egcbingpmuiichat vl wbhlutbedswvat isdlicon
hol es 3c provided in the 20 |ower electrode 3. As

byhowsinign Flgsmd. geherstdhigoyasgl ess Brtarposednbet@den the
to the vacuum suction punp 12 via the gas |I|ine
hasangbaver VAl vewbichThes gahd i meinhaigpester ofal aetdng in
is connected to the N2 gas supply section 13 for
asplay i digcimg £ r apen tges. pYheacgbsel isheethaB@jeovelue to the
valve 11 is changed 25 over, the suction holes 3c can

dxd stemoectell bteengttRid® 2004/ QGHARY, damage caused on the

protective sheet 30 is suppressed to the minimum. In this
embodiment, the Si0, layer 42, which is originally provided
on the semiconductor wafer 6, and the protective layer 43
are used as this etching stop layer.

As shown in Fig. 2, a plurality of attracting holes 3e
which are open to the holding face 3g are provided in the
lower electrode 3, and these attracting holes 3e are
communicated with the suction holes 3c provided in the
lower electrode 3. As shown in Fig. 1, the suction holes
3c are connected to the vacuum suction pump 12 via the gas
line changeover valve 11. The gas line changeover valve 11
is connected to the N, gas supply section 13 for supplying

nitrogen gas. When gas line changeover valve 11 is changed

~over, the suction holes 3¢ can be connected being

17



10

15

20

25

PCT/ JP2004/ 000556 sel ectively changed over between the
vacuum suction punp 12 and the N2 gas supply section
wDR004456382t he vacuum punp 12 is driven under t RCT/JP2004/000556
condition that the suction holes 3c are comruni cat ed
with the vacuum 5 suction punp 12, vacuum suction is
conducted fromthe attracting holes 3e, and the
sem conductor wafer 6, which is put on the |ower
sellectiged y3 Chiangaidt oareire detiyeeac i amtuurelshction pump 12
Accordingly, the attracting holes 3e, the suction
el dhe3d2 agidst heppayusecsiioni bA. punp 12 conpose the 10
attracting and hol ding neans for hol ding the
sem Hosdudher vamfun Bumynde? isedebudht undetrhahet wndition
protective sheet 30 is tightly contacted with the
theltdithe fasd iz diolde 3¢ eareodemmpnitabed3aivherthe vacuum
vacuum suction is conducted fromthe attracting holes
sgetignchpume ob2n twadhen hehuditignf ace 3gondGcbédt herom the
| ower el ectrode 3. Wien the suction holes 3c are
atdwpctiog tholtde 3, gand dieplsersiemriductd®; MREgas 6¢amwhich
be bl own out fromthe attracting holes 3e to the
iisomet pacshef lowerpedeetiiode 3shdet al@radtededor ivieetium and
later, this N2 gas, which is blown 20 out fromthe
hgldract Ragohdinglge thhe haettovaetidgchodkst I8, the suction
protective sheet 30, is blown out for the object of
hpdesi bBg derdchthg tvacpunt esudivioshgaumB30 2 oradrwse the
holding face 39. There is provided a cool ant flow
araagenygd ang W lding Sneans afivr useliding thel isepifdondnctor
in the |ower electrode 3. 18
wafer 6 under the condition that the protective sheet 30 is

tightly contacted with the holding face 3g of the electrode
portion 3a when vacuum suction is conducted from the
attracting holes 3e which are open to the holding face 3g
of the lower electrode 3.

When the suction holes 3c are connected to the N, gas
supply section 13, N, gas can be blown out from the
attracting holes 3e to the lower face of the protective
sheet 30. As described later, this N, gas, which is blown
out from the attracting holes 3e to the lower face of the
protective sheet 30, 1is blown out for the object of
forcibly detaching the protective sheet 30 from the holding
face 3g.

fhere is provided a coolant flow passage 3d in which

coolant used for cooling flows in the lower electrode 3.
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WD 2004/ 066382 PCT/ JP2004/ 000556 The cool ant fl ow
passage 3d is connected to the cooling nechanism 10.

wdnedeese2cool i ng nmechani sm 10 is driven, coolmAlyeeouaoosse
as cooling water circulates in the coolant flow

passage 3d. Therefore,-the |lower electrode 3 and the 5
protective sheet 30 on the | ower electrode 3., the
tenperatures of which are raised by heat generated in

THee cH6 DRSS FAbwp! Bs®aps 068SSiddconhecernl &b b)ﬁhEhecoollng
circulating coolant. The cool ant fl ow passage 3d and

it a8AGn NYO . Neataéh SKhE0 CUIPESE hBEhEAYLWNY 0TBR8S driven,
for cooling the 10 lower electrode 3. The exhaust

@ fanta, subh Cls Sc6OITHG GaleE Wi ActhiD@te BT A6ESEHBY coolant
chanber 2, is connected to the vacuum punp 8 via the

oA s SRRV el Tet&/Eore, VHIEE 18Rc8XBaH8trode 3 and the
changeover valve 7 is changed over and the vacuun1punp

protectivdr | Vatbet hespnspde ahd he pidcessi 8gL£8aRbeR, 2 e
of the wvacuum chanber 1 is exhausted by vacuum so

ratRirepr eSS UGei ¢l hPE REQGRISIHY E@@ﬂbﬁéngrSQEdb‘in the
reduced. The processing chanmber 27is provided wit

PHRESW ©fS1%ehma PIOleHRAMY, WL Rdo RiMit @dhd er.trQﬁJlatlng

draw ng. When the 20 control section controls the

ceAmD . pUNTHe a¢eRNENTY EQoliNpadfsdd t 3f HRASWREY cooling
the pressure by this pressure 'sensor, the pressure in

nicl® apyiGEES $0 NG crksyEer t%ecaao@hﬁ&d%é%&lst Ofog desbifdy the

val ue. The vacuum punp 8 conposes a pressure redu0|ng
1®mains dNefctredeciang the pressure in the processing 25

chanber 2 to a desired value. Wen the exhaust

changeevesxhaust port la, which 1s communicated with the
processing chamber 2, is connected to the vacuum pump 8 via
the exhaust changeover valve 7. When the exhaust
changeover valve 7 is changed over and the vacuum pump 8 is
driven, the inside of the processing chamber 2 of the
vacuum chamber 1 is exhausted by wvacuum, so that the
pressure in the processing chamber 2 can be reduced. The
processing chamber 2 is provided with a pressure sensor
(not shown) which is omitted in the drawing. When the
control section controls the vacuum pump 8 according to the
result of measuring the pressure by this pressure sensor,
the pressure in the processing chamber 2 can be reduced to
a desired value. The vacuum pump 8 composes a pressure

reducing means for reducing the pressure in the processing

chamber 2 to a desired value. When the exhaust changeover
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19 WD 2004/ 066382 PCT/ JP2004/ 000556 val ve 7 is changed
over to the atnospheric air side, the atnosphere is
wiodoo4ebessad i nt o the processing chanber 2, and pamP2004/000556
pressure in the processing chanber 2 can be returned
to the atnospheric pressure. 5 Next, the upper
el ectrodes 4 will be explained in detail. The upper
el ectrodes 4 includes: a central electrode 4a; and an
vakiendi dg pirariged bvemdeoofthe rstuhespiner hat ediralside, the
whi ch surrounds the el ectrode portion 4a and extends
atmodgreeatey Ditcodderdniniad ipoe tpxoocedsime difandsent ra) and
el ectrode 4a. The profile of the extending portion A4f
the pregeurd hom tihatpricedminovarambect2 ockn Iandeturned to
arranged bei ng extended outside the | ower el ectrode 3.
tHd eatiyaspid ol nerposuien 4e is provided at the centra
portion on the |ower face of the upper el ectrode 4.
15 Thexigas thleownppeporélientreiestipdl i wslaspd oexplained in
generating plasma which is used for generating plasnma
detefiric Thechapperi neldeteddedri4 dischadge: spacecentral
formed between the upper electrode 4 and the | ower
cebbectodde 3a;Tharghs al ogkbgn@bngi opodeiba a 4di r audde of
pl ate nmenber made of 20 porous material having a | arge
insubeting niatetrd alolwisidn sutrodadsf ahegerieratror portion
plasma is uniformy blown out from the gas staying
4apand 4gtients tthe tHeechrtier diischatfpreapacel poxtide of the
m nute hol es so that gas can be uniformy supplied.
cénttiEt slLppbroddpodhi onTHE, prbeibasofupheyekberding2portion
comuni cating with the gas staying space 49 is
4pr ové dechrger than that of the lower electrode 3 and

arranged being extended outside the lower electrode 3. The
gas blowing portion 4e is provided at the central portion
on the lower face of the upper electrode 4.

The gas blowing portion 4e supplies gas for generating
plasma which 1s used for generating plasma electric
discharge in the electric discharge space formed between
the upper electrode 4 and the lower electrode 3. The gas
blowing portion 4e is a circular plate member made of
porous material having a large number of minute holes in
it. Gas for generating plasma is uniformly blown out from
the gas staying space 4g into the electric discharge space
via the minute holes so that gas can be uniformly supplied.
In the support portion 4b, the gas supply hole 4c

communicating with the gas staying space 4g is provided.
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20 WD 2004/ 066382 PCT/ JP2004/ 000556 The gas supply
hole 4c is connected to the plasma generating gas
woLzopd/g66382Cct | on descri bed bel ow via the gas f|roY/Jra00@/000556
adj usting section 19. The plasma generating gas supply
section is conposed 5 of a gas changeover valve 20,
waf er base | ayer etching gas supply section 21, Si02
| ayer etching gas supply section 22 and protective
Theyergad chiurplgas sobpl ydsecisonc@BneBhedof tot hehe plasma
plurality of types of plasma generating gasses, which
ganenadda ot wapl asprplyi sendions dealcadied Hed Dew changede gas
over 10 by the gas changeover valve 20, which is a gas
Heiwe araitieg adjmatsngame chuimnl i1€d from t he pl asma
generating gas supply section into the electric
di scHaegéer lpmmze. génerakingovesplsagppl yweseesibg igascomposed
supply system when the gas flow rate adjusting
ofect ign® kharngenndr ovakde 16, avaderdi bgsko layeeM@rthing gas
sent fromthe control section 33, a flow rate of gas
sappRlY edction e «idht layedi ethalag sPaceuppdy kRction 22
arbitrarily adjusted. Due to the foregoing, pressure
angl preotpctdvesilayerha@toding, gast gupilgh s¥lcA®m 23. One of
t&;gerating gas is supplied, is controlled according to
s ldsnm of otgpesn@ i i drizongendt&bihgs gheeBs, which
previously set, and according to the pressure in the
aFeosesst fptalema 2diditect sl Bylébeefr Besuge chanRgRd. over
Accordingly, the gas flow rate adjusting section 19
byorigus egas hehpngsswee caritweo! 20 newhschoriscoat gakl isklecting
the pressure in the processing
means, and supplied from the plasma generating gas supply

section into the electric discharge space.

In the above plasma generating gas supply system, when
the gas flow rate adjusting section 19 is controlled
according to a command sent from the control section 33, a
flow rate of gas supplied into the electric discharge space
can be arbitrarily adjusted. Due to the foregoing,
pressure in the processing chamber 2, into which plasma
generating gas is supplied, is controlled according to the
plasma processing condition, which has been previously set,
and according to the pressure in the processing chamber 2
detected by the pressure sensor. Accordingly, the gas flow
rate adjusting section 19 composes the pressure control
means for controlling the pressure in the processing

chamber 2.
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25 chanber 2. 21 WD 2004/ 066382 PCT/ JP2004/ 000556 In
the case of etching the wafer base | ayer nade of
wol Jodgesessat he waf er base | ayer etching gas supEQrI/JP2004/000556
section 21 ,supplies m xed gas containing fluorine
gas such as m xed gas, in which sulfur hexafl uoride
(SF6) or carbon 5 tetrafluoride (CF4) is mxed wth
helium as plasma generating gas. The wafer base
| ayem etigdi ngsgassuppdtlyingetheowaZer odde Layst made of
pl asma generating gas supply section for supplying
silardn,f hephwasier ey dfd ey gaschitric lyas ssuppdey sestion 21
containing fluorine gas. 10 In the case of etching the

P dayRi xetihgaSi OCoheyaningt €huogipas gamppbycheas anixed

2 supplies fluorine gas (for exanple, CHF3) having
gdw,drogen hanidiing enlfuxed lgasaffuoridxanib®s) CF4iH2) carbon
contai ning fluorine gas and hydrogen as plasnma
t Seref Ridfidaas (CFY) t hies canbxedl etvdhhng haliamgani&s 1501lasma
matter | ayer such as a polyimde |ayer, the protective
géryeit Bighyag. gasTiseippb¥ere®ase Payearipptchdng xash gaspply
cont ai ni ng oxygen as plasma generating gas. In the
s&asEo®f 2usiing e SifNldsayeplasmhhegpnheratiinve bagersupply
43, m xed gas (for exanple, CF4+02) containing
séLED6h NEo BasuBsilly Dixy g€l | 8126t spppsmedgasephbsng gas which
generating gas. The above gases have a characteristic
is mikeghgdbecobt ethivg fhheriné gas. be highly
effectively etched. In this case, the etching rate
wi | | Thethspkaiseed metdmidowshe ASidesktayéed ahevéiOknlayer
order for the etching stop
etching gas supply section 22 supplies fluorine gas (for

example, CHFs) having hydrogen bonding or mixed gas (for
example, CF,+H;) containing fluorine gas and hydrogen as
plasma generating gas. In the case of etching an organic
matter layer such as a polyimide layer, the protective
layer etching gas supply section 23 supplies mixed gas
containing oxygen as plasma generating gas. In the case of
using the SiN layer as the protective layer 43, mixed gas
(for example, CF4+0,) containing fluorine gas and oxygen is
supplied as plasma generating gas. The above gases have a
characteristic in which the objective material can be
highly effectively etched.

In this case, the etching rate will be explained as
follows. As described above, in order for the etching stop

layer to function so as to stop the progress of etching, it
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25 layer to function so as to stop the progress of
etching, it 22 WO 2004/ 066382 PCT/ JP2004/ 000556 is

woe04/066882t hat the etching rate is low in the ESRIP2004/000556
where etching is conducted on silicon with plasma of
m xed gas (the first plasma generating gas)
containing fluorine gas. Therefore, in order to judge
whet her or not the nmaterial is 5 appropriate to

idf utdquiradetiamcthencteching tathi hg dobp in &her casee where
etching rate is defined for judging whether or not

ettdrenmat B8 i abndsichppr epy i atkic@ chilny ltasmat0b Rixked gas
defined as the ratio (r/ro) of the etching rate ro in

(tHee fiasst gplesmalugenagatingi ggson cobadnlingorfludriicte gas.
is the reference material, with plasm of the first

The msfiar egeniar adidey das jwigdhevhetittemepr atok rtlie mattexrial is
case of conducting etching on the etching stop | ayer

apprdpmplasamtof fhlefiflil sthpl dBnectgener asi nthgastchang stop
other words, etching rate ratio represents an etching

laydr, i thé hettbingseade denddefimedefoli jyudging whether or
material with plasnma of plasna generating gas when an

net dhiegratdeiak tetappuwompdidtee. be 1 in the case of
conducting etching on silicon, which is the reference
mat Etching tatel vako B 1hedsfiiepel asnmbhegeatiat i(ngro)
gas. 20 For exanple, when the etching rate ratio Ris

tHe etchihgwsetleatrd hien shhe etadle ngt etdrdtichasnghattaifing on
silicon is provided in the case where etching is

stinciuct edhiichh il ashe reffetreacki netgxtizsim wihbr atliasgpa of
gas. Wen etching rate ratio Ris 0.1, it shows that

the clingti plesmductetemiiingygas to the etching rate r in

f

o}

the case of conducting etching on the etching stop layer
with plasma of the first plasma generating gas. In other
words, etching rate ratio represents an etching rate in the
case of conducting etching on a material with plasma of
plasma generating gas when an etching rate is determined to
be 1 in the case of conducting etching on silicon, which is
the reference material, with plasma of the same plasma
generating gas.

For example, when the etching rate ratio R is 1, it
shows that the same etching effect as that of silicon is
provided in the case where etching is conducted with plasma
of the first plasma generating gas. When etching rate
ratio R is 0.1, it shows that etching is conducted only by

0.1 time of silicon. In this case, when etching rate ratio
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25 0.1 tinme of silicon. In this case, when etching
rate ratio 23 WD 2004/ 066382 PCT/ JP2004/ 000556 R is
wo@nodipees2t han 0.6, it is judged that the mat erRGI/IPR603/000556
be used for the etching stop |layer. In the cases of
actual materials shown in this enbodinent, etching
rate ratios Rof Si2, SiNand 5 polyimde are
respectively 0.1, 0.05 and 0.6 according to the result
R of s amtactorae tkasufedentit s Jukdgedvihdd, tilte itmterial can
difficult for these materials to be etched with plasma
beofusdde&dn ridie panmgestmmtliagemas. Therefore, it is
judged that both the SiQ2 | ayer 42 and the protective
| ayem 43 he) (Gidesr bl yaohuwk) ofaitdmel sk ceingluct atn this
wafer 6 are appropriate for the etching stop |ayer.
ersodiigsarti bedeabinineg | batbe rasdosf Rettaofhg $h@;,et chidg and
stop layer, nmaterials are selected which are difficult
pdlyintedeet #hed reisbeciasidy @f. 1t,hed 05 sangdl &sda according to
generating gas 15 containing m xed gas of fluorine.
thowsvailt iof tdre x@isea bfmeasubndning plmasotehelt cvodsj tit is
is necessary to effectively cut the entire
dsefd @aidutdpr thaker ratexdlaldi nogp nioé emkhethevithagelasma of
| ayer 40 but also the etching stop layer. Therefore,
then fhespl pldawmar amessiatg rdevda®e. of Theire femeodiitents Fmdged
20 appropriate type gas, which is appropriately used
tiaot boahdudie ngies chaggrona handt diiengpsbbpctayer layer 43
sel ected to be the second plasma generating gas, and
(3¢ pbasmeolgembdal i ngf gashe s sdmabhgendoveorf reaféhe 6 are
first plasma generating gas to the second pl asna
agenepataing f@s thetdeching stop layer.

As described above, in the case of setting the etching
stop layer, materials are selected which are difficult to
be etched with plasma of the first plasma generating gas
containing mixed gas of fluorine. However, in the case of
conducting plasma dicing, it is necessary to effectively
cut the entire semiconductor wafer 6 including not only the
base layer 40 but also the etching stop layer. Therefore,
in the plasma processing device of this embodiment, an
appropriate type gas, which 1is appropriately used for
conducting etching on the etching stop layer, is selected
to be the second plasma generating gas, and the plasma
generating gas 1s changed over from the first plasma

generating gas to the second plasma generating gas in the

.process of plasma dicing.

24



10

15

20

25 process of plasma dicing. 24 WO 2004/ 066382
PCT/ JP2004/ 000556 Fl uorine gas (for exanple, CHF3)
wioeod41ap6382dr ogen  bondi ng, which is supplied byaIiB2004/000556
Si 02 | ayer etching gas supply section 22, m xed gas
(for exanple, CF4+H2) containing fluorine gas and
hydr ogen, m xed gas containing 5 oxygen supplied by
the protective | ayer etching gas supply section 23
and AIFIGEs (FaF ekEop| eex@mAleR) CBRi)ai fiawming hydrogen
fluorine gas and oxygen are the second plasna
hanbimgi nghighsds cuipepl kedf byorithect $1@: etapeng etching gas
etching stop |ayer at a higher etching rate than the
s|ipdliyng sateioh 1@2condutkédg ehehi ngEn t BRafRHERI NY cF,+H,)
stop layer with plasma of the first plasma geherating

dftca e S OR1d PeE §A§NhAE hYASoSHRP! iSRG | Zé?ﬁlgining

the protective |ayer etching gas “supply section

ABydrh e EasIonl nbsfs’eﬁegﬁeswb:clmgeg@%gg%uré%m@af&as Tupp1y

In this case, explanations w be e into a
TR 2 ohR EAEE Grs FoR AP oporiyEy  Pitatning
LS BRI, (DheKisas Xalugh Lo L0Ured i
5] OoABahlS  ecLynonsof g et ez ol progregs of o
BULS, B B UL AR SR P TE2S Sare o
conducting etching on the etching stop layer with plasma of
the first plasma generating gas. The 85i0, layer etching
gas supply section 22 and the protective layer etching gas
supply section 23 are the second plasma generating gas
supply means.

In this case, explanations will be made into an
appropriate thickness of the etching stop layer. The
appropriate thickness of the etching stop layer 1is
determined by necessary thickness X which is required at
the minimum for fulfilling the buffer function to absorb
the fluctuation of the degree of progress of etching caused
by the want of uniformity of the etching rate distribution.
Necessary thickness X is found by the following calculation

formula.

X =Y x 22/100 x R <. (Formula 1)
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X=Yx 22100 x R. . . (Fornmula 1) 25 WD 2004/ 066382

PCT/ JP2004/ 000556 where Y is the thickness of the
wordo6dodase | ayer 40 of the sem conductor waf erpdT/ypg004900556

the fluctuation (% of the etching rate distribution,

and Ris the etching rate ratio. In this case,

fluctuation Z of the etching rate is an index 5 of

showi ng the degree of fluctuation of the etching rate

wiiire thei sepheopHuEkREsWRbEr thel Walflee ase Qfayer 40 of the
conducting plasma etching on the sem conductor wafer

s&ni FSHA W qarehens, flzucigattien £1:8td8%of (%) of the
difference is caused by 20% at the nmaxinumin the

caUEe Wt P QIS OSSN 1 & CHind R 1 Medaleetciupdrdye ratio.
FormulTa 1 corresponds to the thickness of the etching

Ir5tOP1 & AySde CaPRR LA L ADSDIDF Nehe tdiecKing erene el ©f ath héndex
degree of progress of etching caused by fluctuation Z

oflsHARLRY e Aedide Of £DIPLEAtDoh Ot Eiehetighivgl Kete on
X corresponds to the thickness at the point 15 of tine

tHbesRl EHLAGc Lot NErvRf ¢r 1hased e HF hasndeePing plasma
conpleted at the position where the etching rate is

ot ONESY - onVAlHEE JekDESEERONSS Warkhe d.hi ckBeseindle, when
point of tinme when etching of the etching stop | ayer

£1 a@t@&?i‘%ﬁ gﬁgg ?t §g%% at ,t hee Pé’féélfxéé’”i Yhergstl %9} $h4Ngt the

e’is _ For_exanp , When a single|ayer
mG BN 1 cKABSEST Y ORMPERSTEoBa0brr iRt chi ng rat e
| ayePafine Kocsedad, i cladEle o Tre ErunTAdt okp  the
tkfxﬁﬁegg %f”%héoeggh%ng‘%&J%NfgbgP capable of absorbing
the difference of the degree of progress of etching caused
by fluctuation 2 at the point of time of completion of

etching. Value X corresponds to the thickness at the point

of time when etching of the wafer base layer 40 has been

‘completed at the position where the etching rate is lowest.

Value X corresponds to the thickness at the point of time
when etching of the etching stop layer has been completed
at the position where the etching rate is highest.

For example, when a single layer of Si10,, the etching
distribution of which is %10, the wafer thickness Y of
which is 50 um, the etching rate ratio of which is 0.1, is
used as the etching stop layer, the necessary thickness X
of the etching stop layer is given to be 1 pum by Equation

1. That is, when the etching stop layer of this thickness
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25 1. That is, when the etching stop layer of this
t hi ckness 26 WD 2004/ 066382 PCT/ JP2004/ 000556 i s
wWpr20v4/ab6s82 at t he position where the etching r&GT/JP2004/000556
| owest and at the time when the etching of the wafer
base |ayer has been conpleted, not only the wafer
base | ayer but also the etching stop |ayer has been
conpletely etched at 5 the position where the etching
ig aprovidhtghest . the Fpgsilijiomnhevheswer theecttrating rate is
el ectrically connected to the high frequency electric
lpmedr auppay thectbiore Whan athéeehabihongfcibtheuivafléd: base
When the high frequency electric power supply section
layer shak ibesn com@l diegdh, freyuency tiod teaber sbaserbsged but
bet ween the upper electrode 4, which is electrically
alsmt theiedtthinge stagpuumyahander béegr awmgpded tted t hetched at
groundi ng section 9, and the |ower electrode 3. Due
the pdw fiomegdiene phasetcleiertrate 8 sSthghgsti s
generated in the electric discharge space 15 between
t he Irppéiigel edt,r otlbe4 hower hellemtarodd et r bde &lectrically
Accordi ngly, the plasnma generating gas supplied to the
cqmaessi ngahdiitzer hdghs tfranskecyedelletbribe pbowte ofupply
pl asma. The matching circuit 16 conducts inpedance
sealt dn nd 7betimeerhiehanpt clsiteg ekcdectniid dli€charWeexi mdue thigh
in 20 the processing chanber 2 and the high frequency
fxd@uncyr epewtrisuppbywesesuppiyl 7sedtidme tli7neisf driven, a
generating this plasma. The lower electrode 3 is
higmneixtespierocy heroldleayd r dst atiinpalelsgedt t batweegp DEhe upper
el ectric power supply
electrode 4, which is electrically continued to the wvacuum

chamber 1 grounded to the grounding section 9, and the
lower electrode 3. Due to the foregoing, plasma electric
discharge 1s generated in the electric discharge space
between the upper electrode 4 and the lower electrode 3.
Accordingly, the plasma generating gas supplied to the
processing chamber 2 1s transferred into the state of
plasma. The matching circuit 16 conducts impedance
matching between the plasma electric discharge circuit in
the processing chamber 2 and the high frequency electric
power supply section 17 at the time of generating this
plasma.

The lower electrode 3 is connected to the
electrostatically attracting DC electric power supply

section 18 wvia RF filter 15, When the electrostatically
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25 section 18 via RF filter 15. Wen the
el ectrostatically 27 WO 2004/ 066382 PCT/ JP2004/ 000556

WA 20040668829 DC el ectric power supply section 183 BJIP2004/000556
driven, as shown in Fig. 4(a), negative electric
charges are accunul ated on the surface of the | ower
el ectrode 3. Wien plasm is generated in the
processing chanber 2 by driving 5 the high frequency

atteacting polerleoppliy sandmnsuply sehbwanbyl 8 Hes driven,
dotted portion 29 in Fig. 4(b), the DC current

as npslesel ngrei Fdgi.t 3daflor pegakdivengelhetréoi cohdugesr are
wafer 6, which is put on the holding face 3g via the

apoutekdied shetehe 36nrfacehefgtbendiomgprsedidaiirdie s3. When
formed 10 in the processing chanber 2 via the plasna.

pDuema 014 hgenévategdi ng, thecipoees ssiinguichamddwrardoy | driving
which the Iower electrode 3, RF filter 15, the

tled edtirghst teqabhyyatdIactrig pbleel estpptyposeet sapplly as
section 18, the grounding section 9, the plasm and

shdéren Sleyn o ddet ted adetién a2 @ i Bigcessbhvel yhe DC current
connected in this order, and positive electric

impaegedna@r eciacountl &@2d for t bensenitdogduther sambcoBductor
Coul onb's force acts between the negative electric

wefiar g, whiich aie godunuvhatigte ohotlddniyol flang f3gevdg the
of the lower electrode 3 made of conductive naterial,

paotethive 26hpesi Bi0ve B ethei grohadipg weicdhioar €9 is formed
accunul ated on the sem conductor wafer 6 via the

ipr adhectpnoredsiatg 36hambeudi2ngrianthes Wlatsmeg | apae aso the
di el ectrics. By this Coulonmb's force, the

feeagoinguchorclwefeat 6irsubel dsbyfdrimed over whilckhcttloglelower
3. At this tinme, RF filter 15 prevents the high

electrode 3, RF filter 15, the electrostatically attracting

DC electric power supply section 18, the grounding section
9, the plasma and the semiconductor wafer 6 are
successively connected in this order, and positive electric

charges are accumulated on the semiconductor wafer 6.
Coulomb’s force acts between the negative electric

charges, which are accumulated on the holding face 3g of
the lower electrode 3 made of conductive material, and the
positive electric charges which are accumulated on the

semiconductor wafer 6 via the protective sheet 30 including
an insulating layer as dielectrics. By this Coulomb’s

force, the semiconductor wafer 6 1is held by the lower
electrode 3. At this time, RF filter 15 prevents the high

frequency voltage of the high frequency electric power
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25 frequency voltage of the high frequency electric
power 28 WD 2004/ 066382 PCT/ JP2004/ 000556 supply

woemb4d/ewsssk7 from being directly given to the  PCT/JP2004/000556
el ectrostatically attracting -DC el ectric power supply
section 18. In this connection, the polarity of the
el ectrostatically attracting DC el ectric power supply
5 section 18 may be reversed. In the above

sUEPISE | taddioibn t hET el egdmosbatihgal by reatifactgingdDCto  the
el ectric power supply section 18 conposes the DC

e Meiti e 4 HIASS) Nh tieedst i9g ebect easkatiieal lpbwer supply
attracting the sem conductor wafer 6 by utilizing

sdetilad'18.,10 foacetiars | RPNt heheenpe0RGEEOr of the
wafer 6 and the holding face 3g of the | ower

elRi@tdatie ibal Whi cit ek &ct Beparbte kledteaeh @diir bys1.(1jpply
the protective sheet 30, when DC voltage is inpresse

sedibrd s ewebeleatdtei 3. That is, concerning the
hol di ng means for holding the 15 sem conductor wafer 6

on the |ewer ebe¢éroegenstitheivaguumhert td st Nesf@RGally
for attracting the protective sheet 30 via the

attirdidy mf atddaetd bt esupiely WE St oM 6L ®p&dpdses the
the holding face 3g, by vacuum and the DC vol t age

DG Nprasside NeRisrasiald bednadioye af®r pr vl detkosghically

these two types of 20 nmeans are properly used. An

a P h POFRd Oé‘exﬁig%n&t@@%‘} Héfgrf@rbggggwﬁ%ih g?;é&é‘lomb's

out an object to be processed I's prov on t

Sled MRS SHEAREN I BehdcUBNR T eSS e the
hélhc?ir?gasefaoe 3g of the 1lower electrode 3, which are
separate from each other by the protective sheet 30, when
DC voltage is impressed upon the lower electrode 3. That
is, concerning the holding means for holding the
semiconductor wafer 6 on the lower electrode 3, the vacuum
attracting means for attracting the protective sheet 30 via
the plurality of attracting holes 3e, which are open to the
holding face 3¢, by vacuum and the DC voltage impressing
means described above are provided, and these two types of
means are properly used.

An opening portion (not shown) used for carrying in
and out an object to be processed is provided on the side
of the processing chamber 2 in such a manner the opening

portion can be freely opened and closed. In the case of

carrying in and out the semiconductor wafer 6, the upper

29



10

15

20

25

25 carrying in and out the sem conductor wafer 6, the

upper 29 WO 2004/ 066382 PCT/ JP2004/ 000556 el ectrode 4
Wios200406882 by t he el ectrode el evati ng mechani srGEIP20G4000556
a space used for carrying can be ensured on the | ower

el ectrode 3, and then the sem conductor wafer 6 is

carried in and out by the wafer conveyance nechani sm

via 5 the opening portion. Next, referring to Fig. 5,
ehgrtands dhslisi Feipednbie thiented ectaagdensiliquating giechanism
the control system of the plasma processing device.

s Fhat B sPrRceonsedl fuct¢anrBBNY scaporhrecerduredt om the
storage section 34 for storing various 10 data and
Inwresel egtpedgr 3ns.arhetBenr e seiamdiacter owefer 6 is
the plasma processing condition 34a and the plasma
erociexti By 6per abbonbyr ddpeamady Tbevepenaei aechanism via
i nputting section 35 is an inputting neans such as a

ey arspidnamPriigui s data such as a plasma processing
condition and an 15 operation command. The di spl ay

sect iNgk136 refardingl &p Fiewi ¢ wakphadatpbagswdll be made
gui ding image plane in the case of inputting for

Upke athenconatikutpbasf prive essigobpevatienn ofartliedlasma
out according to the operation program 34b, the
pratessingecdevhce20 33 cBhgrobs the gaenthahgeectdon 33 is
val ve 20, %as flow rate adjusting section 19, gas line
eonhmetadr toal tee 1stoiagie SecifummcBdel Bt riscopdwngr various
supply section 17, electrostatically attracting DC

et @ingl ppwecessppldy pPsegrana. 18, Thehassorelgangeevtion 34

val ve 7, vacuum punp 8,

stores the plasma processing condition 34a and the plasma
processing operation program 34b. The operation inputting
section 35 is an inputting means such as a key board and
inputs data such as a plasma processing condition and an
operation command. The display section 36 is a display
device which displays a guiding image plane in the case of
inputting for operation.

In the plasma processing operation carried out
according to the operation program 34b, the control section
33 controls the gas changeover valve 20, gas flow rate
adjusting section 19, gas line changeover valve 11, high
frequency electric power supply section 17,
electrostatically attracting DC electric power supply
section 18, exhaust changeover valve 7, vacuum pump 8,

vacuum attracting pump 12, door opening and closing
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25 vacuum attracting punp 12, door opening and cl osing
30 WD 2004/ 066382 PCT/ JP2004/ 000556 nmechani sm 26 and

wo ®04/6dese2 el evati ng mechanism 24. At this tingeT/iF2604/000556
type of gas and pressure are set when the contro

section 33 controls the gas changeover valve 22 and
the gas flow rate adjusting section 19 according to
the pressure 5 detection result of the pressure sensor

me&ch ik 86 ahny el ¢d sdde pEPeesSing wehnian 34a. Abethis
pl asma processing device is conposed as descri bed

tahoyechdRefwid idl) das R Pregwhtdieand hest dilgewh N"Else control
expl anations will be made into the nmethod of

sé@MBRCIUrdorgddl § heh s efa € e e vele WaEve | 22 Wah& hthe gas
the above plasma processing device is used, and the

fPhRsFatpr erEStihgres8etiosan esbdsddiny t Be PRCEsSPessure
of the nmethod of manufacturing this sem conductor

déleydeton Frestltas shen® prebslreb(s@hsdref26ened the above
numeral 6 is a 15 sem conductor wafer, on which a

pPhsrial piycess begi eongiei o 3£4 enents are forned, the
t hi ckness of which is reduced by neans of nachining.

The THé CkDesHa OprbBesseAyCaR#eL0is Winfloded I £6Ug88cribed
to a value not nore than 100 min the thickness

abeekICi Ny ReMriRy | aus| wigondect gdd Beher eother20drawings,
t hi ckness reduci ng step, the Si02 |ayer 42 and the

eppDAREtiogs | RyEl ¥3, maldieCindioe oW tibd i §f Ban@ffcturing
previously fornmed as the etching stop | ayer on the

ther coenicodngutogrf ageviaeplf tihe s@EcRONAIE Orap&éer ﬁlasma
These Si02 |ayer 42 and protective |ayer 43 cover the
petteseiiqcgevice is used, and the plasma processing method
carried out in the process of the method of manufacturing
this semiconductor device.
First, as shown in Fig. 6(a), reference numeral 6 is a
semiconductor wafer, on which a plurality of semiconductor

elements are formed, the thickness of which is reduced by
means of machining. The thickness of the semiconductor
wafer is reduced to a value not more than 100 um in the
thickness reducing step previously conducted. Before the
thickness reducing step, the 8i0; layer 42 and the
protective layer 43, which are shown in Fig. 3, are
previously formed as the etching stop layer on the circuit
forming face 6a of the semiconductor wafer 6. These SiO,
layer 42 and protective layer 43 cover the entire face of

the semiconductor wafer 6 including the ©positions
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25 the sem conductor wafer 6 including the positions
31 WD 2004/ 066382 PCT/ JP2004/ 000556 corresponding to
wioreBogedsss2ng | i nes which are set so that the  PCT/JP2004/000556
sem conductor wafer 6 can be divided into individua
pi eces. The SiQ2 | ayer 42 and the protective |ayer 43
contain material, the etching rate of plasma of the
first 5 plasma generating gas of which is |ower than
catheespatiing tat éhef qitdsitey olinbde Whish pmsnmeet so that
generating gas of etching silicon. As shown in Fig.
tiH ajembedndectbe siadferof6 r edncibeg dheidédi dwtessindividual
conducted, the protective sheet 30 is attached 10 to

pidwei r cuite f 8d; nd afyaxe ¢2herfd r shef gomtaditive layer 43
sem conductor wafer 6 (sheet attaching process) . In

cdriiisin caskeridk, pthéi kdchfinhergitot €ft pyesmbeetf dhd sfirst
the same as that of the sem conductor wafer 6 so that

pldwemegpr gepetattbngshast 3D whhchouer ldwemvehahl thieg ceétidhing
form ng face 6a and 15 can not protrude outside the

ramn adhdpdeemavabér the DU st tHlesiar egehngattihg gas of
protective sheet 30 is not exposed to plasma in the

eiptraismp qorloiocessi ng conducted |ater. Therefore, it is
possible to prevent the protective sheet 30 from

bei s cehmgedibyFig aséita) 2bdfdrs e stosplef i oadwding the
the thickness reducing step, the resist film31l is
tHirkmess oni 4 heondverad, feoe mofdédielve estosst faCe)s cddttached

the circuit formng face 6a of the sem conductor
tovaftdre | mizmiita Mommdng h&cdehe (thei sfikskm £3defovers the

the entire face of the sem conductor wafer 6.
semiconductor wafer 6 (sheet attaching process). In this
case, the profile of the protective sheet 30 is the same as
that of the semiconductor wafer 6 so that the protective
sheet 30 can cover the overall circuit forming face 6a and
can not protrude outside the semiconductor wafer 6. Due to
the foregoing, the protective sheet 30 is not exposed to
plasma in the plasma processing conducted later.
Therefore, it is possible to prevent the protective sheet
30 from being damaged by plasma.

After the completion of the thickness reducing step,
the resist film 31 is formed on the reverse face 6b (the
second face) of the «c¢ircuit forming face 6a of the
semiconductor wafer in such a manner that the resist film

31 covers the entire face of the semiconductor wafer 6.

This resist film 31 is used for forming a mask to determine
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25 This resist film31 is used for formng a mask to
determ ne 32 WD 2004/ 066382 PCT/ JP2004/ 000556 t he
waz0b4/065382 nes for dividing the sem conduct or WEBIP2004/000556
into individual pieces of the sem conductor el enents.
Patterning is conducted on the resist film 31 by neans
of photolithography so as to renobve portions of the
resist 5 film31l corresponding to the cutting lines
tid bcubbénygo ttihes f foegdingdiayg Himwnsemni€ogdubeby, wiTer 6
the reverse face of the sem conductor wafer 6, the
imesk irsdifwirdeal] thiedcegi af exoeptsdmicdidudosti osbeménts.
the cutting lines 31b of which 1is covered with the
Pateisdmiirg | by 3tendiibeedemnc ductesidd) foier 36 MAvimgans of
the mask in this state beconmes an object to be

photogkeiSideshtaplpass s plasneengveepsdiriidonBef&Fr ivh@ tPesist
the flow chart shown in Figs. 7 and 8, the plasnma

£ 1o c¥s st ongr espdrodiing hito othecdutioie PiweesSae. of Due to the
which is this sem conductor wafer 6 having the mask

foredo ity beasxphawnediberow. Bi(bst,, drhetkenirevadiset face of
wafer 6 having the mask is conveyed into the

thps osembcogdobaobewaZer( B1)thd\exaskt e \fadwed, the region
attracting punp 12 is driven so as to attract from

exdeptat foactheg paaitden3e Yy Mecugntting LhGesvaBIBMF which
attraction of the sem conductor wafer 6 is turned on

if20caxdrete vl vt thet atdxidd yEalinr 3Ad .ng BBeel e6iiténductor
power supply section 18 is turned on (ST2). By this

waBetiuén hatinacthenmakhke isehdendieiiey bedded s Meiéeet to
by the lower electrode 3 while the protective sheet

b3prscdesad) by ghedlys cONpbadwd piddeddendiol di ng face
3g of the | ower electrode

Referring to the flow chart shown in Figs. 7 and 8,
the plasma processing method, the object to be processed of
which 1s this semiconductor wafer 6 having the mask, will
be explained below. First, the semiconductor wafer 6
having the mask is conveyed into the processing chamber 2
(ST1). Next, the vacuum attracting pump 12 is driven so as
to attract from the attracting holes 3e by vacuum, and the
vacuum attraction of the semiconductor wafer 6 is turned on
and the electrostatically attracting DC electric power
supply section 18 is turned on (ST2). By this wvacuum
attraction, the semiconductor wafer 6 is held by the lower
electrode 3 while the protective sheet 30 is being tightly
contacted with the holding face 3g of the lower electrode

3. Fig. 8(a) is a view showing the semiconductor wafer 6
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25 3. Fig. 8(a) is a view showi ng the sem conduct or
wafer 6 33 WD 2004/ 066382 PCT/ JP2004/ 000556 in this
WX 004066882whi ch the protective sheet 30 is att autEIP2064¢000556
a surface of the protective layer 43 on the circuit
form ng face 6a side of the sem conductor wafer 6.
After that, the door of the processing chanber 2 is 5
cl osed, and the upper electrode 4 is |lowered (ST3).
imughi® stakee f breygbinh, thkepeotetitdde dihsedn0 hiet Veetached
the upper electrode 4 and the |ower electrode 3 is
tsed aurface| oft ridue pirstantévehdmyem #Be gubasie circuit
processing condition. Next, the vacuum punp 8 is set
forming i fave dnl Sidieexhnphe ssemicaidudiso prwatssi 6g
chanber 2 is started (ST4). Wen the pressure in the
pr ocdeismgthabnbéhe? dmsr refichdd proresetey nchatdlber 2 is
degree of vacuum the sem conductor wafer base |ayer
chisdd nprghsshmdppdr ket gads 4 nisvhlohesad f (3T3). Due to
hexafl uori de and heliumare m xed, is supplied from
thde foregbiingl, ptlasnelgermcatd ndighansepatvesai i ¢he? lupper
(ST5). When the pressure in the processing chanber 2
ehestrodached artte dhe prlessur eedkatmoide t Be pkaspet at an
processing condition, the high frequency electric
ebavierodrippldi st@nice dshwwen, ai a thiegh Hlegmencyprocessing
voltage is inpressed between 20 the upper electrode 4
camdii timn | owSexe| echreodaachieso manp 08 $basketpliasmotion, and
el ectric discharge (ST6). Due to the foregoing, the
deedmnrr desion ay® rtigapoomd ss mangcHdmiest e gasstapedd agsT4) .
sul fur hexafluoride is transferred into a state of
Winrastiee ipraedmim eiat rilee dosodes gins pelcanber n2chdet re2ched a
t he
predetermined degree of vacuum, the semiconductor wafer

base layer etching gas made of mixed gas, in which sulfur
hexafluoride and helium are mixed, is supplied from the
first plasma generating gas supply section 21 (ST5).

When the pressure in the processing chamber 2 has
reached the gas pressure shown in the plasma processing
condition, the high frequency electric power supply 18 is
driven, and a high frequency voltage is impressed between
the upper electrode 4 and the lower electrode 3 so as to
start plasma electric discharge (ST6). Due to the
foregoing, the wafer base layer gas containing fluorine gas
such as sulfur hexafluoride is transferred into a state of
plasma in the electric discharge space formed between the

upper electrode 4 and the lower electrode 3.
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25 upper electrode 4 and the |lower electrode 3. 34 WO
2004/ 066382 PCT/ JP2004/ 000556 By the generation of
Wl 20841@66382he sem conductor wafer 6 is exposed RGI/IH2604/000556
pl asma of fluorine gas fromthe second face side (the
reverse face side). By this irradiation of plasns,
only the portions of silicon of primary nmaterial of 5
the sem conductor wafer 6, which are the portions of
t he Butthengearierst i3 abteledms,edhe tdeniwondigitgir wafer 6
film3la, are plasnma-etched by plasma of fluorine
ignsexpesed dtag the tpkasmr ogfedd uoicimiel syas afnem the second
etching, the cutting grooves 6d are forned only in
fane pp¥de ohthefrevierset faag Fides.31Byorthilse irtadigftdron of
base | ayer 40 as shown in Fig. 6(b). At the sanme tine,
mesactqily dihe aurtiigness ailidocwf prinaryrethtierial of
the electric discharge space between the upper
Hlecsenteonduntor hwalfeweré el wtichdard atheshpentions of the
Fig. 3. Due to the foregoing, an electrostatically 15
cilitriaw i Mg r¥l inplyarmerenast widthwdghe ttesionefilm 31a, are
el ectrode 3 and the sem conductor wafer 6, so that
Rlesmeemdttdmtilicoyrplashearof F3ubelideogashe Aowerding to the
electrode 3 by the electrostatically attracting
prageessTHel dffvrse, plarma minheiotd vetlshemtt Bg sgnaqies y6d are
contacted with the holding 20 face 3g of the | ower
mead el B. indew dhanftions eef  theri uritiued orinved 63116 on the
can be stably held in the process of plasma
wakae sy . laver 0 ssgreshidwre,in Helgr A Belti ve sheet 30
can be cool ed by the cooling function provided by the
| onerAte| ddter og@r® $dmehat DEheebectrienceunteneatimpression
damage
circéﬁt is formed in the electric discharge space between

the upper electrode 4 and the lower electrode 3 as shown in
Fig. 3. Due to the foregoing, an electrostatically
attracting force is generated between the lower electrode 3
and the semiconductor wafer 6, so that the semiconductor
wafer 6 1s held on the 1lower electrode 3 by the
electrostatically attracting force. Therefore, the
protective sheet 30 is tightly contacted with the holding
face 3g of the lower electrode 3. Accordingly, the
semiconductor wafer 6 can be stably held in the process of
plasma processing. At the same time, the protective sheet
30 can be cooled by the cooling function provided by the
lower electrode 3, so that the occurrence of heat damage

generated by plasma electric discharge can be prevented.
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25 generated by plasma el ectric discharge can be
prevented. 35 WD 2004/ 066382 PCT/ JP2004/ 000556 \When

WO edre6e882ci Ng i s started as descri bed above angT/iF2604/000556
portions of the cutting Iines 31b exposed to plasnma
are etched by plasma, the cutting grooves 6d are
formed inward the sem conductor wafer 6. Fig. 8(b) is
a view showing a 5 state in which the plasna
prodéssi nolisme Hasipassed siwktddeasodesirobed§ ddt®re and
cutting grooves 6d has proceeded. At this tinme, due

theo gdetivrd of the fouiniiyg diinde FMichiasbsddito plasma are
di stribution in the processing chanber 2, the progress

etodhqud dsyreprasha pgthkuchtiztiag geroorvdisnGd ardefettidd NDhward
10 grooves 31b. For exanple, in Fig. 8(b), at the

tipossenbromdutber wagbt @uttimigy) i BebB1lhsl acatiesly ishdwithg a
range of a high etching rate, the entire thickness of

stdiee whfi ewhbahe tiyepladflahdsotleseddy beate cHbsOfasaid and
the cutting groove 6d is 15 further formed downward to

thdefdomeetriqordf ovhef cubeingf grookbase edayeis 4roceeded. At
Furt hernore, plasnma etching has proceeded to Si02

thyetin@, Qud heoother watel, ot Wi posity 08fofthd h€tching
left cutting line 31b located in the range of a | ow

ra&te hdingr ridde; idhei s uté Ner f @i citb@et2 yethe progress
reached the 20 | ower face of the wafer base | ayer 40,

of hatldsma t ke ahiing nglutasatels yatcbedingompbet e Vhetting

pl asma etching is successively conducted on the two
gradvtesigdlbnes 31b in the state shown in Fig. 8(b),

since the etching rate of plasma of the wafer base

| ayefor example, in Fig. 8(b), at the position of the
right cutting line 31b located in the range of a high
etching rate, the entire thickness of the wafer base layer
40 has already been cut off and the cutting groove 6d is
further formed downward to the lower portion of the wafer
base layer 40. Furthermore, plasma etching has proceeded
to S5i0; layer 42. On the other hand, at the position of
the left cutting line 31b located in the range of a low
etching rate, the cutting groove 6d has not yet reached the
lower face of the wafer base layer 40, that is, the cutting
has not yet been completed.

When plasma etching i1s successively conducted on the

two cutting lines 31b in the state shown in Fig. 8(b),

since the etching rate of plasma of the wafer base layer

gas, which is fluorine gas, with respect to Si0, layer 42

36



10

15

20

25

25 gas, which is fluorine gas, with respect to Si02
| ayer 42 36 WD 2004/ 066382 PCT/ JP2004/ 000556 is | ow,
wasogedsss2ess of cutting of Si02 |ayer 42 by tHECT/IP2004/000556
cutting groove 6d on the right cutting line 31b is
slower than the progress of cutting of the wafer base
| ayer 40 by the cutting groove 6d on the left cutting
line 31b. 5 Accordingly, there is no possibility that
1S ORowaydhedpriogresa off cttttimey pofi Siidn, latyewhi €& by the
the etching rate is high, before the wafer base |ayer
agtinegmaetel §dcon dhie aighte cutitingglinee33bbis slower
| ocated in the range of the low etching rate. After
lasnthairiogress the oateinpasEé khgewad@rhamsk) lsar 40 by
conpl eted as descri bed above, plasm electric
Wisclrartgdnios gropped €8T7pn Thea, BebfR |layetimgchinge 31b.
gas is supplied (ST8). Next, plasm electric
Aicotdhimge vi,s theare etls (839ppsanbipiagnihadt chidg liayer 42 is
conducted on Si02 | ayer 42. Due to the 15 foregoing,
@y stifivati e gosG(tt)on,t ke cdtitdnglgy ehvdsifyl rate is high,
penetrate Si02 layer 42 on the right and left cutting
Hefmee 3kh wadiar reeeh ltdheeholihdar yedripie Heettywwenn: S 2 on the
| ayer 42 and the protective |layer 43. After plasm
aittiimy ofisk 031lbayjercaté?l hias bken remgel ei®dihel domR etching
el ectric discharge is stopped 20 (ST7). Then,
et .ectAfkelr apéasmbchiliogngao i stisipphfed b538) layext40 has
pl asma etching is started (ST9), and the protective
Hegrer aGmpietedj edsed tespkabed etaliivey. Apllesmbhe electric
plasma etching of the protective |ayer 43 has been
digrgflaatgsd, is stopped (ST7).

Then, Si0; layer etching gas is supplied (ST8). Next,
plasma electric discharge is started (ST9), and plasma
etching is conducted on 810, layer 42. Due to the
foregoing, as shown in Fig. 6(c), the cutting grooves 6d
penetrate Si0O; layer 42 on the right and left cutting lines
31b, and reach the boundary line between Si0O, layer 42 and
the protective layer 43. After plasma dicing of Si0, layer
42 has been completed, plasma electric discharge is stopped
{ST7) .

Then, protective layer etching gas is supplied (STS8).
Next, plasma etching is started (ST9), and the protective
layer 43 is subjected to plasma etching. After the plasma
etching of the protective layer 43 has been completed,

plasma electric discharge is stopped (ST13). As shown in
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25 plasma el ectric discharge is stopped (ST13). As
shown in 37 WD 2004/ 066382 PCT/ JP2004/ 000556 Fi g.

wae) 2hp4/06sb82n t he cutting grooves 6d penetrate thecmE2004/000556
base | ayer 40, SiQ2 |layer 42 and the protective |ayer
43 and reach the entire thickness of the
sem conduct or wafer 6, the sem conductor wafer 6 is
di vided into individual 5 pieces of the sem conductor

FEd engrdp, 6whas shewsutnihbggrobies. ctheafdnemnttonatkfer
plasma dicing includes: a first plasma dicing step in

bade Chageki Ao) isi@t cheged r o bhel Sesopdotaceiseddayer 43
with the first plasna generating gas; and 10 a second

afd asgBcHi €heg «&iterd niiwhdleheddec et ¢hiengatigondiey®Irs wafer
which is exposed by the first plasma dicing step, is

6 £t ehed dymidengescent phadetd geder adinpdgas ieapableddiidual
conducting etching on the etching stop layer with

pe@ssmolt the héghbdodudidy edemRehban ddeast ehohg riat erig.
of the first 15 plasma generating gas. In this

epgpcess of plasma dicing, SiQ2 |layer 42, which is an
etching stop layer, and the protective |layer 43 are

i nt erpes e el el Wallgembasei daygr 4lrlamkd:hea first
protective sheet 30. Therefore, the follow ng effects

pTasma 2QikA gy o¥tded.irfi WAl chi Nsiltecdd r 9t péoshHad diftioRd the
step in which plasma dicing is conducted on silicon

s@fohdernpéesibasiltayehedGirstniglade fdredrdigigd gas; and

silicon has been conpleted in the range of a | ow
a etsdyord r pllasmbhedet Dhd NG tdopihay@iich the etching stop
layer, which is exposed by the first plasma dicing step, is
etched by the second plasma generating gas capable of
conducting etching on the etching stop layer with plasma at
a higher etching rate than the etching rate of the first
plasma generating gas.

In this process of plasma dicing, Si0, layer 42, which
is an etching stop layer, and the protective layer 43 are
interposed between the wafer base layer 40 and the
protective sheet 30. Therefore, the following effects can
be provided.

First, in the first plasma dicing step in which plasma
dicing is conducted on silicon of the wafer base layer 40,
until the etching of silicon has been completed in the

range of a low etching rate, the etching stop layer

suppresses the progress of plasma etching in the range of a
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25 suppresses the progress of plasma etching in the
range of a 38 WD 2004/ 066382 PCT/ JP2004/ 000556 hi gh
wol d/evg3grate. Until the etching of silicon hasedyan004/000556
conpleted in the range of the low etching rate, plasm
does not directly act on the protective sheet 30. In
the second plasma etching step conducted on the 5
etching stop layer, since the etching stop |layer is
higrh geelting arabhen | dydrilanthel efscpim@nefatsiiig opas has been
capable of realizing a high etching rate is sel ected
canEloritidigint dhe hearopepoli theonlad dtehistghtale stppasma does
| ayer, etching is quickly conpleted in a short period
naf dimectlfheref are,tHd @fdiescttive etlpdeing3®t op | ayer
has been conpletely renoved in the range of the high
et chimgthat esemdrehi pdasmas ueipdsisiy ek epc apsiudi€ted non the
the range of the low etching rate. As a result, the
elprhoirert istrsheaydss, disiaodd y Ehgpossrbiingl astp fhdyer is
very short period of time. 15 Accordingly, the
oxfaimeielyt | @netdipr dayem cand edl byma hgeneaattioly gas capable
uniformty of the etching rate is not caused, that
of syeahezpmgbkeiighn ethilting heaps of ecsielectleebtad@fbiding to
directly exposed to plasma and overheated in the
ther ocesposfitipinaswd ethbi ngtchingotstewausddyeand pkaaimg is
di cing can be 20 acconplished in a good condition.
quiidlery t bamplepedatinomna okhbbe vacuwd pfrpt8mes stTipeesfore,
(ST14), and the exhaust changeover valve 7 is changed
abDver tlso acHingpetod oldyer diao Spdet | complef &It Syemoved in
Due to the foregoing, the pressure in the processing
tlhardrege issf the high etching rate, etching is successively

conducted in the range of the low etching rate. As a
result, the protective sheet is directly exposed to plasma
for a very short period of time.

Accordingly, the aforementioned problem caused by fhe
want of uniformity of the etching rate is not caused, that
is, the problem, in which the protective sheet 30 is
directly exposed to plasma and overheated in the process of
plasma etching, is not caused, and plasma dicing can be
accomplished in a good condition.

After that, operation of the vacuum pump 8 is stopped
(ST14), and the exhaust changeover valve 7 is changed over
so as to open to the atmospheric air (ST15). Due to the
foregoing, the pressure in the processing chamber is

returned to the atmospheric pressure. Then, the state of
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25 returned to the atnospheric pressure. Then, the
state of 39 WD 2004/ 066382 PCT/JP2004/ 000556 vacuum
wad fo0g6deb2n i s turned off, and the el ectrost at imal/ip2004/000556
attracting DC el ectric power supply 18 is turned off
(ST16). Due to the foregoing, the sem conductor wafer
6, which is divided into individual pieces of the 5
sem conductor el enents and attracted and held on the
vidwiecaitveattpen 3fs tamnke odffasedl tAid eezledltostakically
sem conductor wafer 6, the plasma processing of which
a tesa bebig c | edlahtrisc cowered sapply( SI87) isWiklhiened off
nitrogen gas is being blown fromthe 10 attracting
(&0l 65. 3e pueha s etfie ofidueyoingpf ¢heb sesiatandactied: waller 6,
hel d by the attracting head 27 and conveyed outsi de
whbén prosessdingiddanbemt®d | indiivd dpladsmappeeesssi ng, the
the protective sheet 30 is entirely covered with the
sERIt60AdUEsDr ¥Bémenbs asafd@scatbedcbedorandTheedfloren the
the 15 protective sheet 30 is not exposed to pl asma.
pPeterdingl ¥Yape B0 fasagebesrebaasddon the protective
sheet 30, that is, no thermal deformation is caused
on thetprotiggdt ve tsheekedlcondactpdi nghfert e, the plasma
protective sheet 30 always cones into close contact
pwbtBskhfaghd fli wRiERChady Badnt heonll etevd conductanveyed out
wafer 6, and fulfills the function of the protective
(shedy .. Thewsehd conilthcd @en wedes 6l akrdiedy oltl awsgetfivem the
with the protective sheet 30 is sent to the mask
atemraviciggshepes 3ad the sesmisbnBizbtodlwaiferr émieedttracted

from individual pieces
and held by the attracting head 27 and conveyed outside the
processing chamber 2. In this plasma processing, the
protective sheet 30 is entirely covered with the
semiconductor wafer 6 as described before. Therefore, the
protective sheet 30 is not exposed to plasma. Accordingly,
no damage is caused on the protective sheet 30, that is, no
thermal deformation is caused on the protective sheet 30,
Accordingly, the protective sheet 30 always comes into
close contact with the holding face 3g and the
semiconductor wafer 6, and fulfills the function of the
protective sheet.

The semiconductor wafer 6 carried out together with
the protective sheet 30 is sent to the mask removing step,
and the resist film 3la is removed from individual pieces

of the semiconductor elements 6c as shown in Fig. 6(d).
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25 of the sem conductor elenents 6¢c as shown in Fig.

6(d). 40 WD 2004/ 066382 PCT/ JP2004/ 000556 After that,
wiohmmogessszonduct or wafer 6 is sent to the sheetpCT/IP2004/000556

peeling step, and the protective sheet 30 is peel ed

off fromthe circuit form ng face 6a of the

sem conduct or devi ce obtai ned by dividing the

sem conductor wafer 6 into 5 individual pieces of the
Aftest comnaltict bhe ekembodsdbéet ¢t hwafeheét ipealanty tsi eff)e sheet

As shown in Fig. 6(e), the protective sheet 30 is
peekieg stbpaf tand t bheadhesiact isteeesh88tf @0 hbsdipegliesl off

attached onto the reverse face of the sem conductor
febemete 6¢iantigaciosrimhgonfiaucs oréel efenthéc sdificsnductor

hel d on the adhesive sheet 37. As expl ai ned above, in
déhecerosessnedl pyasteidiagnghel senticoehicdomucdfer 6 into

wafer 6 of this enbodinent, Si02 |ayer 42 and the

ipd D Edta Ve diaywys 43f WhHechsamécbaduedobeialeypariton 6c  (the
each other on the circuit formng face, are utilized

sheetinpdel thghs bgp 5t OAS ayleswih oin sBppr eSseéng the protective
progress of etching. Due to the foregoing, in the

shéeest 30 absn pdiedieny sfep afterwhtiod pldbesd vai cshgets 37 for
conducted on silicon of the wafer base |ayer 40, the

heléhngg disop dyechddincbhbos ahea brédersel afecef orof the
reducing a di fference between the degrees of the 20

s@hbgordGcHdr ekt bmagtcaus athddo\eddie ddmicdaradudionfeldment 6c
etching rate distribution. In the second plasm
igthélagont ehei adnbsthe ptassw 32t ching i s conducted on
Si 02 | ayer 42, which is an etching
As explained above, in the process of plasma dicing of
the semiconductor wafer 6 of this embodiment, Si0,; layer 42
and the protective layer 43, which are formed being put on
each other on the circuit forming face, are utilized as an
etching stop layer for suppressing the progress of etching.
Due to the foregoing, in the first plasma dicing step in
which plasma dicing is conducted on silicon of the wafer
base layer 40, the etching stop layer functions as a buffer
layer for reducing a difference between the degrees of the
progress of etching caused by the fluctuation of the
etching rate distribution.
In the second plasma etching step in which plasma
etching is conducted on Si0O; layer 42, which is an etching

stop layer, and the protective layer 43, since Si0, layer

42 and the protective layer 43 are originally thin layers
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stop layer, and the protective |layer 43, since Si02
| ayer 25 42 and the protective |layer 43 are originally
wiaiond/06s3%2r s 41 WO 2004/ 066382 PCT/ JP2004/ 000556CEIR2004/000556
further plasma generating gas capable of realizing a
high etching rate is selected, etching can be quickly
conpleted in a short period of tinme and the protective
sheet 30 is directly exposed to plasna only for a very
arnd siforthper ipdch afa t geper DuEng o geise dapalygbé ngf hemtlizing a
damage to the protective sheet, which is caused by
higle wthiofg umater misy séledeedet ciichyinat eannvhbeh ggickly
a problemnot solved in the process of conventiona
cphpbaredii dhnga csoie pepprdsseil tdmeheandd rbhsi npnptective
that is, heat damage to the protective sheet can be
she@pr 89seils t ditdestiliyni exposedii dlo islaswmzednly sfich & very
manner that etching is conducted in the range of a
shogh pettdd ngfraimeand even after silicon of the
sem conductor wafer has been etched, the etching is
succkssi tel ytii& fomdgotiad, $eathadamaee prot edie veprotective
sheet on the |ower face side of the sem conductor
shaéer whidhr ecs | yaespdséay t bhe piwasita. c EVBODIEWENL LY 20f the
Fig. 9 is a perspective view show ng a sem conduct or
ebtahingofaEebodhieht 12 @ pgrioblmEmeswit soleedi om. the process
Enbodi nent 1, two |layers of Si02 |ayer 42 and the
ofir atogotenie. drapler p48smae disschagps aanethrhi sgpprepskdydra the
However, in this Enbodinment 2, Si02 |ayer 42 or the
minimum, that is, heat damage to the protective sheet can

be suppressed to the minimum, which is caused in such a
manner that etching is conducted in the range of a high
etching rate and even after silicon of the semiconductor
wafer has been etched, the etching is successively
conducted, so that the protective sheet on the lower face
side of the semiconductor wafer is directly exposed to

plasma.

EMBODIMENT 2

Fig. 9 1s a perspective view showing a semiconductor
wafer of Embodiment 2 of the present invention. In
Embodiment 1, two layers of Si0O, 1layer 42 and the
protective layer 43 are used as an etching stop layer.
However, in this Embodiment 2, Si0O, layer 42 or the

protective layer 43 is singly used as an etching stop
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25 protective layer 43 is singly used as an etching
stop 42 WD 2004/ 066382 PCT/ JP2004/ 000556 | ayer
wiouzobdriese3s2i n t hi s Enbodi nent 2, an electric cOrCIR20042000556
body used in the step of form ng an active |ayer of
the sem conductor elenment is used as an etching stop
layer. 5 1n Fig. 9(a), the sem conductor wafer 61 is
primarily conposed of a wafer base | ayer 40 made of
l®jdd con i Futhieer samtnnmahhés a&mbodimemtcorfjuctan walectric
6. On the circuit formng face 6la (the first face)
cafdidiel wemabndisddrin itdersttdpy dahefmoinvg dmyackivid layer
conmposing the circuits of 10 individual pieces of
oS eheondcicondierent slamenar riangesded beisngah orerteth iingt ostop
a lattice shape. Each Si02 |ayer 42a is forned on the
laxpper face of the active |layer 41 while each Si02
| ayer 42a is covering each active layer 41, and the
gr oome-Bhaped (gpp #£Bk, sehiickndsctornec fatr a6poss t poimarily
15 corresponding to the dicing line, is fornmed between
cémeoseddo¥i duata RO 2bhayelayé2a.400made 6Ffomstilfiamoe ofn the
the circuit form ng face 6la, the protective |ayer 43
same f panRdr cagerdheg ddmel dordwdtchial waE €2 61l ayen 42ee aatlrcuit
the groove-shaped gap 42b. The conposition 20 of the
fprmiegt ifard agea 48thes tdiestamfaas)thaf d¢he Esboilcoerdtuctor
1. In the groove-shaped gap 42b which separates the
wa gt viedyalths ORct hyer 4 ag2asf rddm esmposiher thiehecircuits of
protective |ayer 43 is recessed and enters the groove-
indapedughp pd2lre sOno f he anfipenduadeof el Grept st exte verranged
film
being formed into a lattice shape. Each Si0, layer 42a is

formed on the upper face of the active layer 41 while each
Si0, layer 42a 1is covering each active layer 41, and the
groove-shaped gap 42b, which is formed at a position
corresponding to the dicing line, is formed between the
individual Si0; layers 42a.

Oon the front face of the circuit forming face 6la, the
protective layer 43 is formed covering the individual SiO;
layer 42a and the groove-shaped gap 42b. The composition
of the protective 1layer 43 1is the same as that of
Embodiment 1. In the groove~shaped gap 42b which separates
the individual Si0O; layers 42a from each other, the
protective layer 43 is recessed and enters the groove-

shaped gap 42b. On the upper face of the protective film
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recess portion 43b is forned along the dicing line.
WiRe3084/0G6882 t 0 Fi g. 10, the proceedi ng process FCTIR280W000556
di ci ng conducted on this semnm conductor wafer 61 wl|

be 5 explained as follows. Fig. 10(a) is a view

showi ng the sem conductor wafer 6 in the state before
starting plasma dicing. The protective |layer 43 is
43%cetbed ﬁh‘%ﬂe@ﬁt dgesasse pgrbdor- stdlped sgafodlbd along the
corresponding to the position of the cutting |ine 31b
drcing tii®e -t he mask. This recessed 10 portion is the

| i near recessed portion 43b. The protective sheet 30

i s afederadngo te Filidf-adé ofthich @ noosteeiiniov @oayars o3 plasma
on the circuit formng face 6la side of the
dEHngonerrdeetedf on 6lhisheenilcancmationi ngafsrster tedll be
and plasma etching is 15 started by plasnma of wafer
FRdaingferagadolihys.senfFignductia) wad er Griew expomety the
to plasma of fluorine gas fromthe mask side (the
segdiconpducater3 mafaned , inandhchestalid thefoge ostestdhd plasma

are formed only in the portions of the cutting lines
d3tAngn t Ahewprotesddyel dpererd@3ad sshewesised?@nid @nters the

10(b) in the same manner as Enbodinment 1. Fig. 10(Db)
greoyevistaretowiary istearréspandioly tbe tbhenpbsatieh of the

the cutting grooves 61d is proceedi ng when the plasm
CHtsdagsi Adnei nkllhahassddiafe ethehemsshrt of TSR cessed

et chi ng.

portion is the linear recessed portion 43b. The protective
sheet 30 is attached to a surface of the protective layer
43 on the «circuit forming face 6la side of the
semiconductor wafer 61,

When plasma dicing is started and plasma etching is
started by plasma of wafer base layer gas, the
semiconductor wafer 6 is exposed to plasma of fluorine gas
from the mask side (the resist film 31a side), and the
cutting grooves 61d are formed only in the portions of the
cutting lines 31lb on the wafer base layer 40 as shown in
Fig. 10(b) in the same manner as Embodiment 1. Fig. 10(b)
is a view showing a state in which the formation of the
cutting grooves 61d is proceeding when the plasma
processing time has passed after the start of plasma

etching.
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44 WO 2004/ 066382 PCT/ JP2004/ 000556 At this tine, in
the sane manner as that of Enbodinent 1, due to the
wianzond/ade3seni formity of the etching rate di stribct/sEe004/000556
in the processing chanber 2, the progress of plasna
etching fluctuates according to the cutting grooves 5
31b. As shown in Fig. 10(b), at the position of the
right cutting line 31b Iocated in the range of a high
et chhbigthiait eimeheienthe esahe chamser ods t bieatad Er Eblas@iment
| ayer 40 has already been cut off and the | ower end
lpordientios thenedamtt ofheupdformohyr eathitie t eéching rate
protective film43 in the groove 10 shaped gap 42b.
distribicioni nh dhe ipmgcedsine pbsibenn2ef tHehepteftess of
cutting line 31b located in the range of a | ow
péasha ngtching tfRactuitiesg agrooadd gl dchasheotuyeing grooves
reached the Iower face of the wafer base | ayer 40,
3ibat As, shbhen dumt tHigg Hads(blot afettloommdeteitbn 16f Wika right
the wafer base | ayer 40 has been cut off after that,
cuheingt ildmeof31p adomatedchies the pamigecto¥eaf iHim3etching
in the groove-shaped gap 42b, and the cutting groove
rétid, ther entanmtecrimicirtes praf etheveafielbmbé3e 1Infey. 40 has
10(c), the cutting groove 61d penetrates the entire
alheadimelbsenfcuheo?f amflethbasewtéayend4foatidheis formed at
position of the left cutting line 31b located in the
thangesbtian| peaehithgngheapeotaotdivehéiloweB &ndthe groove-
portion reaches the protective film43 in the
shapedegshapdt.gap ¥4 2hid mdinits of atime pl @asnehe position of
generating gas is changed over, 25 and protective
thaydefst otitlyinms lises 3l | bocaisedl asnethe range of a low

etching rate, the cutting groove 61d has not yet reached
the lower face of the wafer base layer 40, that is, the
cutting has not yet completed.

When the wafer base layer 40 has been cut off after
that, the action of plasma reaches the protective film 43
in the groove-shaped gap 42b, and the cutting groove 61d
starts entering the protective film 43. 1In Fig. 10(c), the
cutting groove 61d penetrates the entire thickness of the
wafer base layer 40 at the position of the left cutting
line 31b located in the range of a low etching rate, and
the lower end portion reaches the protective film 43 in the
groove~-shaped gap 42b.

In this state, plasma generating gas is changed over,

and protective layer etching gas 1is supplied as plasma
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45 WD 2004/ 066382 PCT/ JP2004/ 000556 generati ng gas.
Due to the foregoing, the protective |layer 43 nade of
WO paNoes3smt ter is quickly etched by plasma of pEBS2004/000556
cont ai ni ng oxygen. Therefore, as shown in Fig. 10(d),
the cutting groove 61d penetrates the wafer base |ayer
40, 5 Si02 layer 42 and the protective |ayer 43 and
reaches the entire thickness of the sem conductor
geméeatBig dast hi Buewhy, thbefcregcimgucthe padbtecbiveslayer
di vided into individual pieces of the sem conductor
42| apdet 16 lorgdiekd , mbhéesemscondincky weatbed6dysholasma of
in Fig. 9(b) 10 will be explained below. In Fig.
g&é brontainbhegsarggeannerhexe fidrat, efs tdleowenigondyct 0o (d),
waf er 6, the sem conductor wafer 62 is mainly
thenpaseiingf gaonakers ldaseratyert e thadavaHdr shas€obayer 40,
The active layers 41 conposing the circuits of
siogdi vagkemnl 4pi enels tiie tpeosert tondLayer di3ernamd srasiehdd the
arranged being forned into a lattice shape on the
entirdi thitkheissg dAcehE2aefikenbiuctof acejeof 6the In this
sem conductor wafer 62. Si02 |ayer 42 is forned on
wabe uphpesehdeendiicithe wadldrvesl ayerdikiiadd! entb02ndividual
| ayer 42 is covering the overall face of the circuit
plecesngff ke 6émicOndubeonppteméatssé28.of Si 02 | ayers
42, the individual protective |ayers 43a are forned
whi | Bekbge ithdi vselnbtopdatesti wafkayeds dBawardn Fig. 9(b)
i ndividually covering the active |ayers 41. The groove
whbit benezdltainkidcbdlow.ocairedriag. théoppsihi bhe same manner
corresponding to the dicing line, is formed between
ashecHatdi gfdudle 2bmprohdatiuve lwayfers 43a.the semiconductor

wafer 62 is mainly composed of a wafer base layer 40 made
of silicon. The active layers 41 composing the circuits of
individual pieces of the semiconductor elements are
arranged being formed into a lattice shape on the circuit
forming face 62a (the first face) of the semiconductor
wafer 62. Si0,; layer 42 is formed on the upper face of the
active layer 41 while SiQ, layer 42 is covering the overall
face of the circuit forming face 6la. On the upper faces
of S5i0; layers 42, the individual protective layers 43a are
formed while the individual protective layers 43a are
individually covering the active layers 41. The groove
portion 43c, which is located at the position corresponding
to the dicing 1line, 1is formed between the individual

protective layers 43a.
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46 WO 2004/ 066382 PCT/ JP2004/ 000556 Referring to Fig.
11, the proceedi ng process of plasma dicing conducted
warzopdoassgem conduct or wafer 62 will be expl ai FEriIP2004/000556
bel ow. Fig. 11(a) is a view show ng the sem conductor
wafer 62 in the state before starting plasma 5 dicing.
The groove portion 43c is provided between the
i ndi vi dual protective |ayers 43a corresponding to the
posiReferming heo cttg i Nl /) i tize JAtrededing i pyotbes nafkplasma
The protective sheet 30 is attached to a surface of
diding i cdndiuduald prot ehtlisvesémieondBeton Wader r 62i will be
formng face 10 62a side of the sem conductor wafer
el abeth Phalom. di cifigi s 51 bat edianda pl abew esbbwhyg the
is started by plasma of wafer base | ayer gas, the
serbhcamdutiotorvabéer 68 in ehposdahtteo i fsmm staftingi pbasma
gas fromthe nask side (the resist film 3la side),
diming he 1Pheugtboyegrmuvieiorfld3ar e opnedideldy hetwden the
portions of the cutting lines 31b on the wafer base
ihdireidddl aspsdimewmtive Flgye#d(b33an ¢hersspendanger tas the
Enmbodi nent 1. Fig. 11(b) 1is a view showing a state in
powithomn heff bhentuthioty flhee AUkt iofg gridowes Bie mask. The
proceedi ng when the plasma 20 processing tinme has
pposeetiwét eshedie sI@rtisnf gitesieed ettohi Bg. strfigltes of the
time, in the sane manner as that of Enbodi ment 1, due
indivhéuabmprotecniver haygrod3ahenetihi ogrcait forming face
di stribution in the processing chanber 2, the progress
62& 2bdel afnehet sémhgofitluctantesfacc62ding to the
cutting grooves
When plasma dicing is started and plasma etching is

started by plasma of wafer base layer (gas, the
semiconductor wafer 6 is exposed to plasma of fluorine gas
from the mask side (the resist £film 3la side), and the
cutting grooves 6l1d are formed only in the portions of the
cutting lines 31b on the wafer base layer 40 as shown in
Fig. 11(b) in the same manner as Embodiment 1. Fig. 11l(b)
is a view showing a state in which the formation of the
cutting grooves 61ld is proceeding when the plasma
processing time has passed after the start of plasma
etching.

At this time, in the same manner as that of Embodiment
1, due to the want of uniformity of the etching rate
distribution in the processing chamber 2, the progress of

plasma etching fluctuates according to the cutting grooves
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47 WD 2004/ 066382 PCT/ JP2004/ 000556 31b. As shown in

Fig. 11(b), at the position of the right <cutting line
wailiwo4/assad2ed i n the range of a high etching rapErIH2063/000556
entire thickness of the wafer base |ayer 40 has
substantially been cut off and the | ower end portion

has 5 reached Si 02 | ayer 42. On the other hand, at the
:fosition of the left cutting Iine 31b located in the

Hnge &% shéew iet Ehgnglidbe, the toet hord tAIROWE 62tk right
has not yet reached the |ower face of the wafer base

JEmA0] indaBlbs, ladwted uthi nhdasange Y& De@Agh etching
conpl eted. 10 Wen the wafer base | ayer 40 has beéen

rajte,of fheaf értire hihickhesachiron hef vﬁ&wﬁabwécﬂﬁ_%/e@ch?o has
Si 02 layer 42. In Fig. 11(c), the cutting groove 62
pésdardtied Ipheoeen | cat WiTknesstht Ukwetel @dbRSetion has
| ayer 40 at the position of the |left cutting Iine 3%8

Hegediesd 930,t Aayeange .of @n | the ebeheAThAAd! abe, M dd¥ition
| ower end portion reaches Si02 layer. In this state,

athdhe drefcututningroove $26 hesaskaeadytnentangd 902 1ow
| ayer 42. In this state, plasma generating gas i's

edieiiged mver, thad cBittdnayero®ehsng Ba%s iSoSURBki 8dached
as the second plasma 20 generating gas. Due to the

ther eipimy, £8062 dfayeiie 4RaferqWadd y1gyehedohy PhaSMRs, the
of fluorine gas having hydrogen bonding, and the
catttingg hgsoove G2t peeet cainpdetled.waf er base |ayer 40

and Si 02 |ayer 42 and connects wth the groove

por t Wbend3thereafernsbysborim®ébr 140 thhs Wa¥%n tA8: off after
that, the action of plasma reaches the Si0, layer 42. In
Fig. 1l(c), the cutting groove 62d penetrates the entire
thickness of the wafer base layer 40 at the position of the
left cutting line 31b located in the range of a low etching
rate, and the lower end portion reaches Si0, layer. In
this state, the right cutting groove 62d has already
entered Si0, layer 42,

In this state, plasma generating gas is changed over,
and Si0, layer etching gas is supplied as the second plasma
generating gas. Due to the foregoing, Si0, layer 42 is
quickly etched by plasma of fluorine gas having hydrogen
bonding, and the cutting groove 62d penetrates the wafer

base layer 40 and Si0, layer 42 and connects with the

groove portion 43c previously formed. In this way, the
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48 WD 2004/ 066382 PCT/ JP2004/ 000556 sem conduct or
wafer 62 is divided into individual pieces of the
WXEIUD4/0gs882ct or el enents 62c. Next, the sem condeCl/f#2004/000556
wafer 63 shown in Fig. 9(c) wll be explained as
follows. In Fig. 9(c), the 5 sem conductor wafer 63
is mainly conposed of the base | ayer 40 nade of
silicon in the sane manner as that of sem conductor
sawd @snducde weteyesd ayerdi vilded mose nphdheideal cpiésSes of
of individual pieces of sem conductor elenents are

tled r sariecbidh dgo f cs D@ td 062c ] atti ce shape on the
circuit 10 form ng face 63a (the first face) of the

senmyenductae sw@itorfifictire wanductenveshawer idlaig. 9 (c)

formed between the active layers 41. This conductive
wibyerbédlaeixplaifiedt angousfyliowged i nInt heFiggrcwic), the

formng step for laying the wiring used for the 15

s@fitydheyer Wdfedhes condbginVe taxSssddactsthBdBasé layer
one of the conductive bodies such as al um num (Al),

4@l uphaegm ofi | keoAcahl oYn(Althd ) & manner as that of
al um numsilicon-copper alloy (A -Si-Cu). Wien this

sEnDEtdyEot ayeFe418.1 S Theeh A v 18k« ML SéSGfiposing the
| ayer, it becones possible to formthe etching 20

cstepitayer whdboudualldbngeds ey sanitantuctoy pLOREREs are
On the upper face of each active |ayer 41, the

athghyeduBkibgOXdraeey Wdso amdlbheicadisWathiéalon the circuit
protective |ayer 43a are forned being put on each
fotRengWdee t B8y af€he cRidstNngfeaeh asti whd agemniddnductor

The groove portions 42c, 25 43c are forned at
wRPSsHt I6BNS I d eSpromettvd OLaPerdiathand.s formed between the
active layers 41.

This conductive layer 4la is simultaneously formed in
the circuit forming step for laying the wiring used for the
active layer 41. The conductive layer 4la i1s made of one
of the conductive bodies such as aluminum (Al), aluminum-
silicon alloy (Al-Si) and aluminum-silicon-copper alloy
(Al-Si-Cu). When this conductive layer 4la is used as an
etching stop layer, it becomes possible to form the etching
stop layer without adding a new manufacturing process.

On the upper face of each active layer 41, the
individual Si0, layer 42a and the individual protective
layer 43a are formed being put on each other while they are

covering each active layer 41. The groove portions 42c,

43c are formed at positions corresponding to the dicing
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49 WD 2004/ 066382 PCT/ JP2004/ 000556 |ines between the
i ndi vidual Si02 |layer 42a and the i ndividua
WO 20e0deds2e | ayer 43a. Referring to Fig. 12, thecT/iP2004/000556
process of the progress of plasma dicing conducted on
this sem conductor wafer 63 will 5 be expl ained
below Fig. 12(a) is a view show ng the sem conduct or
waf er 63 before the start of plasma dicing. The
1¢ns8gducherrekbayethélaiadd vtidaadr osie,potajyens 42a, 48d the
are provided at positioned corresponding to the
ipasvidaas pebtkheireskagert #Bg.lines 31b. The
protective sheet 30 is 10 attached onto a surface of
t he Radevirddal tor atiert i V&, | ayer prédesen dihetleé r pubyress of
formng face 63a side of the sem conductor wafer 63.
pY4enaptasiagdicendgctaedsbar thdsasempbaadacebehivager 63 will
conducted by plasma of wafer base |ayer gas is
bet agtieThind® b csan camiduct op (aif eis 63 | siewpasesvimy the
pl asma of fluorine gas fromthe mask side, and the
sehtitbAgdugtoevem el 63 cbéooredthenlgtdrt tde pdasimandicing.
of the cutting lines 31b on the wafer base |ayer 40
Tae TheMudiive dgladef bllanahbe thaneyrmonerpastidhat 408, 43c
Enbodi mrent 1. Fig. 12(b) is a view showing a state 20
are Wichiddie atapoeiptoaesdsicey ddsporitdnigassedhaf ersitions
plasma etching started and the formation of the
ofutthiengnagloomest i dL irse Pryveecdi De ppotbetsaee sireene30 is

as that of Enbodinent 1, at this tinme, due to the
avdakheld Widoordn $yredcd hef ethsi igdiatieual protective layer
43a on the «circult forming face 63a side of the
semiconductor wafer 63.

When plasma dicing is started and plasma etching
conducted by plasma of wafer base layer gas is started, the
semiconductor wafer 63 is exposed to plasma of fluorine gas
from the mask side, and the cutting grooves 63d are formed
only in the portions of the cutting lines 31b on the wafer
base layer 40 as shown in Fig. 12(b) in the same manner as
that of Embodiment 1. Fig. 12(b) is a view showing a state
in which the plasma processing time has passed after plasma
etching started and the formation of the cutting grooves
63d is proceeding.

In the same manner as that of Embodiment 1, at this
time, due to the want of uniformity of the etching rate

distribution in the processing chamber 2, the progress of
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progress of 50 WO 2004/ 066382 PCT/ JP2004/ 000556 pl asm

WX 2004/0¢382| uct uat es according to the cutting grBEONER004/000556

31b. Therefore, as shown in Fig. 12(b), at the point

of time when the cutting groove 63d has al ready

reached the conductive |ayer 4la at the position of

the right cutting 5 line 31b located in the range of a
Hﬁ%ﬂ@%ﬂ%ﬁﬁ#&ﬁgafg?ctﬁ@te@uacCdigngote Gdehamtitniny efrooves
reached the | ower face of the wafer base |ayer 40 at

e podhershose. t ies | Hawrtuini Agg.l iIB(Y1b dbcahed goint of
the range of a low etching rate. After that, when the

Sidice rWipeR e thay equtdpinasybeeye c68d Iaof 4] réheycucbiched the
groove 63d reaches the conductive |ayer 4la. However,
GrREtive etavengdiat etoftheheashidiot i 96 thayerighta ddtting
the first plasma generating gas is low, as shown in

IFing 3% clocahedr Lghtheutrtanyy grbonehB3H sekdomy rate, the
proceeds into the conductive |ayer 4la even at the

PN DIITPDE rfisl ikeen note Vedf tremditdcnd gy dowe B IXhdWDE the
reached the, conductive |ayer 4la. Plasnma generating
"gLeT PepangedesvetO i att hike spasetiomndfmittesl gagt cutting
contai ning chlorine or chlorine conpound (for

drgnple, Isceded dnsupysl irediges cihe decortlizgmerate .
generating 20 gas. Due to the foregoing, the

condé@dttere thater when ithe quafdd ybasehbdyairt A0phasmpedh cut
the chlorine conpound gas. Therefore, when the

ofdvt i e gFBbténgeTroove céddeckadhes e gonduetive layer
portions 42b, 43d, which are previously formed,

41la However, since the etching rate of the conductive

layer 4la by the first plasma generating gas 1is low, as
shown in Fig. 12(c), the right cutting groove 63d seldom
proceeds into the conductive layer 4la even at the point of
time when the left cutting groove 63d has reached the:
conductive layer 4la.

Plasma generating gas is changed over in this state,
and mixed gas containing chlorine or chlorine compound (for
example, BCls) is supplied as the second plasma generating
gas. Due to the foregoing, the conductive layer 4la 1is
quickly etched with plasma of the chlorine compound gas.
Therefore, when the cutting grooves 63d are connected to
the groove portions 42b, 43d, which are previously formed,

as shown in Fig. 12(d), the semiconductor wafer 63 is
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as shown in Fig. 12(d), the sem conductor wafer 63 is

51 WD 2004/ 066382 PCT/ JP2004/ 000556 divided into
W204/06@882 pi eces of the sem conductor el enmereGr/82604/000556

As expl ai ned above, in the process of plasma dicing of

t he sem conductor wafer 6 shown in each exanpl e of

this 5 Enbodinent 2, either Si02 |ayer 42, the

Jprotective layer 43 or the conductive |layer 4la, which
dive gesh et BR t ABAVAEHAL  RISASR) fate f%ieng $Rrigppductor
each other, is utilized as an etching stop |ayer for

the progress of etching. Due to the

foregoing, in the first plasma dicing step 10 L.
condifctP Hined ARV HhEMMRTC RS hytasme dheing of
etchin% stog | ayer functions as a, buffer |ayer for ,
thedierhgondugipre A& bbt iBGYR hitd&GPeseamphe of this

progress of etching made by the fluctuation of the
ERRQHMANY e @ SEPT LI GOt NPT (4 St RRATRFCHE {hayer 43

of Embodipent 1. 15 In the second plasma etching step
o dhtfu GRAHHE Y FHR 1@(%i4ﬂgalst"6'bi¢%y%? reed e Grepcircuit

| ayer 42, the protective layer 43 or the conductive
fq%mkag4£apeSMﬁﬁp%uPu¥h@&aeq%®ep§hare<ﬂsguﬁaip9e@ma$ an

| ayers and plasma generating gas capable of realizing,
etrhingh i RYeht £oF sSuRpERIeHI JthetRFPweess ofi ekrFying.

conpleted in_a short period of time, and the _ |
Dyft oftect Fhe sHReRIBtRys dity eEFPy Epdsed e adAe1oA| ySteP

for a very short period of tinme. Due to the _foregoing,
CORACTRa R t $IHEW oPEct PR WheRE | hAfigh liayedaudly the

by the want of unifornmity of the .
etching stop layer functidns as a buffer layer for reducing

e

a difference between the degrees of the progress of etching
made by the fluctuation of the etching rate distribution in
the same manner as that of Embodiment 1.

In the second plasma etching step conducted on the
etching stop layer of either SiQO, layer 42, the protective
layer 43 or the conductive layer 4la, since all these
layers are originally thin layers and plasma generating gas
capable of realizing a high etching rate is selected,
etching is quickly completed in a short period of time, and
the protective sheet 30 is directly exposed to plasma only
for a very short period of time.

Due to the foregoing, heat damage to the protective
sheet, which is caused by the want of uniformity of the

etching rate, which is a problem not solved in the process
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process 52 WD 2004/ 066382 PCT/ JP2004/ 000556 of
wonvegodedgenal . pl asma di ci ng, can be suppr essededTIE2064/000556
mnimum that is, heat damage to the protective sheet
can be suppressed to the mninmum which is caused in
such a manner that etching is conducted in the range
of a high,5 etching rate,and even after silicon of the
oL eRPRBRBGLPHRL \REET™MhadlFdBH  etCRRdL St HEMRRESFFRA I $O the
successively conducted, so that the protective sheet
nGHRHY | Bhet face hedtdslamade et eiheoREEESE e efheat can
directly exposed to plasma. 10 As expl ai ned above, in
bg hguperRsacef GRanbhacfPdPiAgta veiFRohGudisefbyvite S3fch a
each enpbodi nent, an etching stop |ayer containin .
namRa | BRati (REGHIH niST SOBOYCHRR cH1| Shel FRRGE haR Enahioh
etching rate of etching conducted on silicon by,
etghhing sptel @nd nevels afiters gringkren pésithieongeltconductor
corresponding to the dicing |ines of a seniconductor |
wakgler . hagf t deathe ¢F¢hedpl akha dieEichdnst epls n SRFeRsalvely
waf er base [|ayer made of silicon is etched with m xed
copduckriai BPndhat tdre nerqrchhyehsheethers jthg lavwermface
generating gas, the second plasma dicing step is
skdmdedt eliben semieordeckrehivadero o iRl gudspesed to
Si 02 | ayer and a protective layer, which are exposed
Ph3SHde first plasma dicing step, is etched with the
second pl asma generating gas capable of etching at a .
hi gt ekPhrAgeRattdofan Hhethe chekfofattd Jrapifassuping a

fluorine gas.
semiconductor device of each embodiment, an etching stop

layer containing material, the etching rate of which is
lower than the etching rate of etching conducted on silicon
by plasma of fluorine gas, is formed at positions
corresponding to the dicing lines of a semiconductor wafer.
After the first plasma dicing step in which a wafer base
layer made of silicon is etched with mixed gas containing
fluorine gas which is the first plasma generating gas, the
second plasma dicing step is conducted in which the etching
stop layer such as Si0O; layer and a protective layer, which
are exposed by the first plasma dicing step, is etched with
the second plasma generating gas capable of etching at a

higher etching rate than the etching rate of plasma of

fluorine gas.
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53 WD 2004/ 066382 PCT/JP2004/ 000556 Due to the

foregoing, the fluctuation of the progress of etching
wye20e4/0d6882 by t he want of uniformty of the etedi/noos 000556

rate in the process of etching the wafer base |ayer

can be absorbed by the buffer function of the etching

stop 5 layer. In the process of etching conducted on

t he etching, . st | ayer, when asnma generating gas
capdti% U OFad) ForRgoSaON Ghe: TeteiR R & thé Brogress
éelﬁc ed and used accaording to the conposition of the
okt & Fﬁ?gngt opengyaredet i Agecaliebt @i dmifEdHHet 8§ the
in a short period of tinme. Accordingly, 10 even after
ei‘tﬂb“t%rﬁﬁfe% igh ote REIFIRF DnRIGEHGnthpevater base layer
sem conduct or wafer, heat damage tq the praotective,

Calh Rt %%%%%dbpyprhgn&uﬁﬁrbé S &f W R EFERY ostop
the present.invention, the etching stop |ayer ,
L3457 i i g it BEPSPSSE 6 GLCHIRY LoREUsitam @ e qtching
| ower than the etching rate of, etching conducted on _
%qnmﬁmruy e Rl 21 HENeFating L% ¢rPRbhei 0 Fealizing

i.s, fornmed at, positions corresponding to the cutting
2 | highenretehing Bakeiutt cFelrfierd aMd aisedea¢rpsding to the
| asmg dicing step in, which silicaon is etched with
CORRFEC AN ¢ 9 f ithey BESBMRI205Yer Yy g&Lchigg can be
second pl aspa dicing step is conducted jin which the,
q‘é’t%‘f#%gg%‘?%ﬂ%‘}eP‘neﬁp@Q@atbFetrﬁé’df iFstt Pras mePcapEdhgaly,
step is etched with plasma of the second pl asma
YRMhedthisty §§§= CSB%EstéPnet%i fFRing hicgraucdisshi A the
ratgﬂﬁghay t he gtchi ratg of plasma of the first
SELCRARE R nBPdeing TRAL SRBREPON® hej PHRkesTive (sheet
c lgseé/c?rgytphfasma can be prevented.

According to the present invention, the etching stop
layer containing material, the etching rate of which is
lower than the etching rate of etching conducted on silicon
by plasma of the first plasma generating gas, is formed at
positions corresponding to the cutting lines of a
semiconductor wafer. After the first plasma dicing step in
which silicon is etched with plasma of the first plasma
generating gas, the second plasma dicing step is conducted
in which the etching stop layer exposed by the first plasma
dicing step 1is etched with plasma of the second plasma
generating gas capable of etching at a higher etching rate
than the etching rate of plasma of the first plasma

generating gas. Therefore, it 1is possible to prevent the
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54 WD 2004/ 066382 PCT/ JP2004/ 000556 occurrence of heat
damage caused on the protective sheet in the process
W 200406638y t he sem conductor wafer by plasma BtT/w2004/000556
5S WD 2004/ 066382 PCT/JP2004/ 000556 CLAIMS 1. A
met hod of manufacturing a sem conductor device for
obt ai ni ng the sem conductor device divided into
i ndi vidual pieces f sem conductor el ements by, cuttin
oGPUE I %ﬁd%%%r 387 C%%E%r%mecmtaﬁ%ﬁ%vmshegt in
which is sili th irst face of which _the
i PRPFRy S0 Sl EORdCHS: SPBIARRASEHSE 1 AfRed. by, plasma
qﬁgps of plasma dicing, the nethod of manufacturing
%&ni conductor device conprising: 10 a step of
form ng an etching stop layer on the first face side
at positions corresponding to cutting lines which are
set by dividing the sem conductor wafer into the
i ndi vi dual pieces, the etching stop |ayer containing
material, the etching rate of the material by plasng,
in 15 which a first plasnma generating gas of m xed gas
containing fluorine gas is used, being | ower than an
etching rate of etching silicon by plasma in which
the first plasma generating gas is used; a step of
attaching a protective sheet, which is 20 capable of
bei ng peeled off, onto the first face to forma
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mask for determining the cutting Iines on a second
face opposite to the first face; a first plasm
wib oegeessep of etching silicon fromthe secongcf/f€804/000556
side by plasnma of the first plasnma generating 25 gas;
and 56 WO 2004/ 066382 PCT/ JP2004/ 000556 a second
pl asma dicing step of etching the etching stop |ayer,
which is exposed in the first glasna dicing step, by
a second pl asma generatin&Lﬁég capabl e of etching at
a higher etching rate than.the etching rate of the _
first- 5%IBRHACGeREr BAPHGEGRYT DY & RAhgPRfuctor device
manuf act uring a sem conduct or devi ce according to )
£Q¥ ai APE21RABHei Fhe r st AR chARY1FSt e Hvided into
.etching silicon by plasma, in which the first plasma,
l’l‘b”@’éﬂé’?‘%t PRECEEs 9 §§QHF°PGHFF8retec1rﬁWtrsat€ ofcutting a
etching the etching stop |ayer by plasma, in which the
senicIniekem Wadiat thE gRELPATYscPMpPRNeRt Rf eVigR 1S
0.6. 3. A nethod of manufacturing a sem conductor _.
sl 1N addWr difigsto ERGEmMAL  WiHElE: n thfe BlEgRAdty of
stop layer contains at |least Si02, and the second
s beoRAYEHRF at e hefeRs iR aiftEmadior BYe E8M§avPhg pPlasma
hydrogen bonding or alternatively contains m xed gas
dEGHS ni%eﬂ%\ghﬁé g@%. DanufaalhEingd bpe semiconductor
mapuf act uri ng, a sem conductor device according to
deyheen SOMRREEFERB  t he second pl asma generating gas
contai ns m xed gas contai ni ng CHF3 or CE4+H2

5. A ,
met hddSEEPMRFUIERIUMh @ SBFEBAITEREr @A the first

face side at positions corresponding to cutting lines which
are set by dividing the semiconductor wafer into the
individual pieces,' the etching stop layer containing
material, the etching rate of the material by plasma, in
which a first plasma generating gas of mixed gas containing
fluorine gas is used, being lower than an etching rate of
etching silicon by plasma in which the first plasma
generating gas is used;

a step of attaching a protective sheet, which is
capable of being peeled off, onto the first face to form a
mask for determining the cutting lines on a second face
opposite to the first face;

a first plasma dicing step of etching silicon from the
second face side by plasma of the first plasma generating

gas; and
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25 according to claim 1, wherein the etching stop
| ayer 57 WD 2004/ 066382 PCT/ JP2004/ 000556 cont ai ns at
Wi0=2084/06688%, and t he second pl asna generati ng gasCT/EP2004/000556
m xed gas containing at |east fluorine gas and oxygen.
6. A nethod of manufacturing a sem conductor device 5
according to claim5,_ wherein the second plasna
cont ai,ns, n1xe

9ene! b0 038 Lo AR M et % of oI 5pé ¥ening
di t I h t .

oii'&? Syont oot 18 ReBolel MhTERe HFsCLRladte aicing
SRy ot " SachBth 513%#9%&%8135853?15?&%3 YR 5 ptobing
oS A L L N LS e S OB
for the W rin of sem conductor elenents. 9. A nethod
PIGsTR g]‘}%)%F%‘emconductor devi ce according to
cla|n18, wherein the electric conductor 20 contains

at | east one of A, A -Si and Al -Si -Cu, and the second
pl a generat.in S con as at least chlor
ohl g no L ORSHRNG magg S S 53ho0ge e b S! device
PCT/.P2004/OO 556 10. cut,ti ng device qf uttln
2GR PHILR? P LadRer s (MAFSi Fres mhsg &?* tehing rate

nuf acturi ng a semnicon uctor deV| N
ofr BELBEhHL Lkt bt SE i oBe T e Brasma
generating gas is used, to the etching rate of etching the
etching stop layer by plasma, in which the first plasma

generating gas is used, is not more than 0.6.

3. A method of manufacturing a semiconductor device
according to c¢laim 1, wherein the etching stop layer
contains at least $i0,, and the second plasma generating
gas contains fluorine gas having hydrogen bonding or

alternatively contains mixed gas containing fluorine gas.

4. A method of manufacturing a semiconductor device

according to claim 3, wherein the second plasma generating

gas contains mixed gas containing CHF3 or CF4+H,.

5. A method of manufacturing a semiconductor device

according to claim 1, wherein the etching stop layer
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5 space; an el ectrode having a plane tightly com ng

into contact with the protective sheet; a hol di ng
weezns0d6a82 hol di ng t he sem conductor wafer by pdBIP2004/000556

el ectrode under the condition that the protective

sheet 10 is tightly contacted with the plane; a

punpi ng means for deconpressing the processing

chanber; a plasna n gas s section
ST 1R 1 nglm G T Gsegal P ladt %r%%%sg?wg gas
, chanber; and 15 h fre uency_el eciric power  su
1S QLG G0 FHETERSITG B HhRAP Y LEUUerEYe VBRE aghd upibRadn.
the electrode so as to transfer plasnma processing
gas, which is supplied into the processing chanber,
into.a state of asne, er |n the | asnma eratin
gas Suppl®y %%EF?gnOfZ@a élg R s TBEL ‘ﬂ Rgndevice
for selectively, supplyi th first eneratin
aqfardinl th CheiR Bor Wedsia e srr e P b dimcseherdting
second p] asmma, generatlng@gas for enerating plasna
92 e R 1S FRERERAGIRFEC ?ﬂ-’ﬁjgn%t%% a2 which is

exposed by the first plasma dicing step, at 59 WO
2004/ 066382 PCT/ JP2004/ 000556 a hi gher etching rate

than_the etchipng rate of plasma .of the first
gene?atiﬁ@ @gg g gpof manufacturing a sem{con ucgor device

according to claim 1, wherein the etching layer contains at
least organic matter, and the second plasma generating gas

contains at least oxygen.

8. A method of manufacturing a semiconductor device
according to claim 1, wherein the etching stop layer
contains at least an electric conductor used for the wiring

of semiconductor elements.

S. A method of manufacturing a semiconductor device
according to «claim 8, wherein the electric conductor
contains at least one of Al, Al-Si and Al-Si-Cu, and the
second plasma generating gas contains at least chlorine or

chlorine compound gas.
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10. A cutting device of cutting a semiconductor wafer
used for the method of manufacturing a semiconductor
device, comprising:

a processing chamber of forming a tightly closed
space;

an electrode having a plane tightly coming into
contact with the protective sheet;

a holding means for holding the semiconductor wafer by
the electrode under the condition that the protective sheet
is tightly contacted with the plane;

a pumping means for decompressing the processing
chamber;

a plasma generating gas supply section of supplying
plasma generating gas into the processing chamber; and

a high frequency electric power supply section of
impressing a high frequency voltage upon the electrode so
as to transfer plasma processing gas, which is supplied
into the processing chamber, into a state of plasma,

wherein the plasma generating gas supply section
includes a gas selecting means for selectively supplying
the first plasma generating gas used in the first plasma
dicing step or the second plasma generating gas for
generating plasma capable of etching the etching stop

layer, which is exposed by the first plasma dicing step, at
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a higher etching rate than the etching rate of plasma of

the - first plasma generating gas.
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